SPECI FI CATI ON PLASMVA PROCESSI NG APPARATUS AND PLASMA PROCESSI NG
MVETHOD 5 BACKGROUND OF THE | NVENTI ON TECHNI CAL
FI ELD The present invention relates to a plasma processing
apparatus and a nethod for performng deposition process or 10 etching
process on a substrate to be processed, nore specifically, to a device
and a way for supplying process gas such as deposition gas and etching
gas into a vacuum vessel . BEBCHY FIATINONDF THE RELATED ART 15
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I nteracti he magnetic 35 field M. Active

species | gﬁpro uce @ﬁa@hﬁvgﬁﬁ%glgﬁeg%tl tion gas (CJerr]F[err] gas and

ClerrIB[err] ga®pei nef othetbddsntfivm dppbgingodeposiitdion or etching
treatment on a semi-conductor wafer is a process utilizing

plasma. This process is performed by introducing a process gas
into a vacuum vessel equipped with a wafer susceptor and, for
example, by supplying electromagnetic energy to this process

20 gas to produce a plasma. As electromagnetic energy supplying
technique, a method utilizing electron cyclotron resonance
(ECR) that is an interaction between microwave and magnetic
field Mf, and a method called ICP (Inductive Coupled Plasma)

in which a coil wound on a dome-shaped vessel gives electric

25 field and the magnetic field Mf to the process gas are known.
An example of conventional plasma processing apparatus

utilizing the ECR is described by taking processing to form CF
film (fluorine added carbon f£film) as an example based on Figure

24. Firstly, microwave at a frequency of 2.45 GHz is supplied

30 into a plasma producing chamber 11 through a conductive wave
tube (not shown), and high density plasma is produced from Ar

gas (plasma gas) by simultaneously applying the magnetic field

to the Ar gas using an electromagnetic coil (not shown) to
utilize the interaction between the microwave and the magnetic

35 field Mf. Active species is produced by activating deposition
gas (C,F, gas and C,H, gas) introduced into a deposition chamber



2 12, and a CF filmis forned on a surface of the sem conductor
waf er W (hereafter referred to as "Wafer W) placed on the suscept or

13. At this tinme, the deposition gas is supplied through a 5
deposition gas supply portion 14. The deposition gas supply portion 14
Is formed as a hollow ring shape, and its inside peripheral is provided
with a plurality of gas intyoducin% hol es 15 al nost equal | y spaced
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downstream side of the mass flow controller 16. And the gas
20 supply pipe branches 17A and 17B are connected to the deposition
gas supply portion 14 at the positions 180 deg. apart from each
other. Length of the gas supply pipes 17A and 17B are normally
not identical for the convenience of layout.
Recently equipment capable of depositing uniform film on
25 the wafer W has been required with the enlargement of wafer W
diameter. It is important to introduce the deposition gas as
uniformly as possible into a space above the surface of the wafer
W to be processed in order to secure in-plane uniformity of the
formed £ilm. However, conventional plasma processing apparatus
30 has the following problems:
Firstly, since the inlet side through the outlet side of
each gas supply hole 15 are arranged on the circle having the
same diameter, the deposition gas disperses as a beam slenderly
elongating from the gas supply holes 15 horizontally, and does
35 not three-dimensionally disperse taking an axis of the gas
supply hole 15 as a center. Therefore, viewing from the
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3 direction perpendicular to the surface of the wafer Wto be

processed, distribution of the depositi3on gas becomes unequal as shown
in Fig. 25. Since flow resistance of the gas supply pipes 17A and
17B 5 are different fromeach other due to the length difference of t he
gas supply pipes 17A and 17B, the flow rates of gas supplied from each
of the gas supply pipes 17A and 17B to the deposition gas supply
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For the above reasons, the conventional plasma processing
20 apparatus does not provide sufficient uniformity of film
thickness and film property in the processed surface. In
addition, the etching process has also similar problem caused
by unequal gas distribution above the surface to be processed.

25 SUMMARY OF THE INVENTION

The object of the invention is to provide a plasma
processing apparatus that can improve uniformity in the
processed surface by improving uniformity of process gas
distribution above the surface to be processed when performing

30 the plasma processing by supplying process gas to a substrate
through gas supply holes. '

In order to achieve the above object, the present
invention provides the plasma processing apparatus which
includes: a plasma chamber for producing plasma: a processing

35 chamber connected to the plasma chamber and into which the
plasma produced in the plasma chamber is introduced; a plasma



4 gas introduci ng neans for introducing the plasnma gas into the
pl'asma ‘chanber, a susceptor arranged i the processing chamber to pl ace
a substrate to be processed; and a process gas i nt roduci ng nmeans for

t he processing chanber having a plurality 5 of process gas introducing
ports for supplying the process gas to the processing chanber, wherein
each of the process gas I ntroduci ng ports has an axis diagonally
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be processed toward the plasma chamber. In this case, an angle
between the axes of the process gas introducing ports and a plane

20 including the surface to be processed of the substrate is
preferably 15 to 65 deg., and the distance from the surface to
be processed to the position at which the axes of the respective
process gas introducing ports cross each other is preferably
5 to 15 mm. More preferably, the angle that the axis of the

25 process gas introducing port forms with the plane including the
surface to be processed of the substrate is 30 to 45 deg., and
the distance from the surface to be processed to the position
where the axes of the process gas introducing ports cross each
other is 5 to 10 mm.

30 The axis of each of the process gas introducing port can
be arranged so as not to cross the normal line at the center
of the surface to be processed of the substrate placed on the
susceptor.

Furthermore, outlet ends of the process gas introducing

35 ports can be located at the external part of a Plasma emission
zone. -
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5 The process gas introducing means for the processing
chamber can be forned as a holl ow ringsbody having an inside peri pher al
surface, the body having a ring shape taking the normal |ine at the
center of the surface to be processed of the 5 substrate placed on the
susceptor as a central axis. In this case, process gas passages for
passing the process gas extending along the circunferenti al d.l rection
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20 the plasma chamber, and so as to convert the process gas supplied

to the plasma chamber to an active species by the process gas
introducing means for the plasma chamber. In this case, the
process gas supplied to the plasma chamber by the process gas
introducing means for the plasma chamber can be provided with

25 the same composition as the process gas supplied to the
processing chamber by the process gas introducing means for the
processing chamber, and the process gas supplied to the plasma
chamber by the process gas introducing means for the plasma
chamber can be provided with the composition different from the

30 process gas supplied to the processing chamber by the process
gas introducing means for the processing chamber.

When the plasma processing apparatus comprises a means
for supplying microwave to the plasma chamber and a means for
generating magnetic field in the plasma chamber, the apparatus

35 canbe configured so that the outlet end of each gas introducing
port of the process gas introducing means for the plasma chamber



Is located at the position opposite to the processing chanber beyond
the zone where el ectron cyclotron resogance condition within the plasnma
chanber is established. The gas introducing port of the process
gas introducing 5 nmeans for the processing chanber can be configured so as
to include a first gas introducing port, and a second gas

i ntroducing port that is located in the position |ower than that of the
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second aspect of the present invention, a pl asna ‘processi ng net hod
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the pr ocess J%. Sheral surface, the body having a ring shape t7aking the
20 normal line at the center of the surface to be processed of the
substrate placed on the susceptor as a central axis. In this
case, the means can be configured so that the first process gas
passage and the second process gas passage circumferentially
extending along the ring-shaped body are provided inside the
25 ring-shaped body, the first and second process gas passages are
independent from each other to prevent the gas flowing £from one
passage to the other, the first gas introducing port is
connected to the first process gas passage and opens toward the
inside peripheral surface of the ring-shaped body, and the
30 second gas introducing port is connected to the second process
gas passage and opens toward the inside peripheral surface of

the ring-shaped body.
According to the second aspect of the present invention,
a plasma processing method including a process for placing the
35 substrate to be processed on the susceptor arranged in the
processing chamber, a process for supplying the process gas in



the direction diagonally crossing the plane including the surface to be
processed froma plurality of positio agai nst the surface of the
substrate to be processed and a procesS for produci ng plasnma fromthe
process gas to performplasma 5 processing on the substrate are provided.
The processing to be perfornmed on the substrate to be processed by the
pl asma processi ng apparatus nay be either deposi tion processing or
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ot her enbodinent of the gas supply hole; ig. 6 is an enlarged
cross-sectional view showi ng the ot her exanple of a structure of a
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side cross-sectignal yiew illustrating.,. I rectivi of. . d siti_on gas
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depositio 1%}% ' Qugh the gas supply hol e of the present
inventionri)an \fﬁ!e\ei\"igl glrttc:)%lht'he Z direction shown in Fig. 7; 35
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in the plasma processing apparatus shown in Fig. 1;

Fig. 3 is a plan view illustrating the geometrical
arrangement relation between the substrate and the gas supply

20 hole shown in Fig. 2;

Fig. 4 is an enlarged cross-sectional view showing a
cross-sectional shape of the gas supply hole;

Fig. b is an enlarged cross-sectional view showing the
other embodiment of the gas supply hole;

25 Fig. 6 is an enlarged cross-sectional view showing the
other example of a structure of a buffer chamber in a process
gas supply portion;

Fig. 7 1s a side cross-sectional view illustrating
directivity of deposition gas ejected through the gas supply

30 hole of the present invention;

Fig. 8 is a diagrammatic plan view illustrating the
directivity of the deposition gas ejected through the gas supply
hole of the present invention and viewed from the Z direction
shown in Fig. 7:

35 Fig. 9 is a view illustrating the other embodiment having
the gas supply holes in a different direction;



il lustrating the other enbodi nent of the plasnma processing appar at us
whHerein the rel ati on between the procegs gas supply portion and plasna
em ssion zone is specified; 5 Fig. 11 is a cross-sectional view
illustrating the other enbodi ment of the plasma processing apparat us
wherein the construction of the process gas supply portion is changed;
Fig. 12 is a cross-sectional viewillustrating the construction of the
process gas suppiygpdr iigh afcrdss -seasianal vipewces sting meptmrpxtmmhom_ in
Fig. 11; illustrat%:&]@ tie bthér WAL (1 "Ald " Ath Pl SELLG SRR LT o1

of the process en t grocess gas supply port on S Fig. 12
i s used: apparatus mheredn thegrefiatgoanbetivesnrihe processegas ssunplyls

di stri but i gerefod %@m ms@lbﬁc&bxeakzgvg écﬂa{&i when i he process
as is ejected in Fi i's a diagram

|gl | ust |5§1t ing t heF§ glll +, %Bﬁgﬁ?lwtimeﬂf VigW %&d&%‘ﬁf@t@é’g vherrthe urality
of dtypes O%mﬁd;]‘tﬂmélﬁlceﬁs ¢hs plasma @m@@slsanbh% %Qﬁ?. %%x%liaplﬁheoorhl)on
and ejected throu as su for conpariso

Fig. J16 i SCHPHr "b‘?ﬁ'rﬂrfl‘?aﬁjs tHr eFﬁeggg %Bﬂ??‘ﬁt %tlrg)n W ghandfdion of the
process gas direidy apods t&lecm‘seiﬁsweibnal frhéwpriaqetl%tzﬁ%;ngs ®ected as
shown in F a diagrammtic_plan vie

i |lustrati ng %%15“ TS o the ggbﬁé At %qs & Ya?ﬁﬁs:ﬁf’f}c‘égs?lh% gﬁﬂaat us
wher eil® a REQRRSS1ing a-@23&;3&1@1111‘!50r'sl'is>rg'rpplisu Rggt hblpr ocess gas to the process

gas supply Qﬂ_Lrgf iqn i§ &Qﬁ%@‘i‘:@m illustrati Qéti g%oriltﬁ.q: d 18D
are di agranpatic plan views IllTustrating t e pr cess as supply system
of the pl &t BRosESSs 985 Whpar e Prpcass gas supply portion shigwp 19 s

a chart ilinsridsirg jtsasdsgaasul ts by the plasm processi ng appar at us
shown in Fig. 1 thrg't Flg niformty of filmthickness;

Fig. 20 is a cr %QPPFE@trﬁiLgﬂﬁt’f‘ﬁEi heforgenttdtd@ment  of
t he pl1&snmedis tocidwst imm aﬁpareapmscesafgaymer}eemy abovieoh vidFerPwRERIhegas can

be partial%%%é gcbcggc% e t&%dpggs anzig

9 Fi%l 2]1%3 are expl anatory views
illustrating Fltgr}elﬁﬁﬁ]é‘rditﬁgm dRlgssraftheritie gdectingiemutititard by t he

pl asma WhedE the process gas when a plurality of types of the process gas
is mixed in the process gas supply portion and ejected through
20 a common gas supply hole (example for comparison);

Fig. 16 is a diagram illustrating the concentration
distribution of the process gas directly above the wafer when
the process gas is ejected as shown in Fig. 15;

Fig. 17 is a diagrammatic plan view illustrating the other

25 embodiment of the plasma processing apparatus wherein a supply
system for supplying the process gas to the process gas supply
portion is changed;

Figs. 18A, 18B, 18C and 18D are diagrammatic plan views
illustrating the process gas supply system of the plasma

30 processing apparatus used in a test:

Fig. 19 is a chart illustrating test results by the plasma
processing apparatus shown in Fig. 18A through Fig. 18D and
uniformity of f£ilm thickness;

Fig. 20 is a cross-sectional view illustrating the other

35 embodiment of the plasma processing apparatus configured so
that the process gas can be partially introduced to the plasma



CF fiflmis formed usi ng the plasma processi ng apparatus shown 5 in Fig. 20;

Figs. 22A, 22B and 22C are explanatorygviews illustrating the manner in
which Cerr]Ferr] gas is dissociated %y t he pl asna when CFfilmis
formed using conventional plasna processing apparatus; 10 Fi g.
23 is a cross-sectional view show ng an exanpl e where t he invention
applies to ICP type of plasma processing appar at us; Fig. 24

I s a di agratramdex; cr oss-sectional view illustrating conventional plasma

processi ng apparat us; hg.. .25 ] | i i

Il lustrating thgalg%' %lfgegtlpv?%‘%lggg ix%eepﬁ%%%&gﬁégggﬁécﬁﬁelgistﬁ%&gﬁ t he gas
suppl y themanpfert hs wWhichn€, By gess 36 ndl ssoeiadtad byhthe plagha whea and
viewed fr [ | ' | : | is a

i agr e St S ReTag bnbbid ha phocBREing apparqtds Snodh |0 0
suppl y5sysftfé ig. 13 conventional plasma processing apparatus.

DESCRI PTI ON OF BilgPREFERRER &AMt MNexplanatory vAensof BluG-4tihedi ment
of plasma processing apparatus_25 according to the present invention wll
dhe Manges, A3

be descri which £.F gasiigdiirpriated by pRemtafmg ﬁ"l'ﬁﬁing. 1,
the plasnmecF £iImOCEsSifgrmi@ansing MsnhveMAGhalD VEI&6ha 2 gistesdfing unm num
or the |like. The vacuumvessel 2 has a plasma chanmber 21 in which

pl asma i s PR and a processing chanber 22 |ocated under 30 the plasma
chambd 21 and g3 dat&drosshsébbiphak vdewlsobeng an e2ampThavheaeuum

vessel 2 i r . rg]ﬁﬁ CLLI t L al ) i This
vacuum vesés%‘%J ﬁ'gggg%lggem 0] jg%set Eé tc'[ odgpt ﬁgkéofo,f aﬁéégﬁg t%ll‘osceospselr?lgng S
provi ded vaRPRZAYUYSNSM ssive window 23 in an 35 air-tight manner. The

Wi ndO\(N 23 forneg .ha 7@t efd al g WhiLdgtdmmatid I dE S Hect ilonall %fgifewquency
wave (m crowave). e
transm ssijcﬂel%‘%ﬁﬁ%% qanvienddonad, PARSHA| Brogessing RRATA Y ide (AIN).
The ou5si de per igilwper a5 ofs tdediddgrematsic/ pldmdaew? Alilustratimgpdtecd by a
support ri 23a. inth | r-tight manner. The transmi ssive w ndow 23
and the sUbPRITEITIYY 25, TheiBRdlies, 388 olectsa enrodg the dad sulfpt
hole of the plasma processing apparatus shown in Fig. 24 and
viewed from the Z direction shown in Fig. 24; and
Fig. 26 is a diagrammatic plan wview illustrating a
20 construction of the process gas supply system of the

conventional plasma processing apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of plasma processing apparatus

25 according to the present invention will be described referring

to Fig. 1 through Fig. 7. As shown in Fig. 1, the plasma

processing apparatus has a vacuum vessel 2 made of aluminum or

the like. The vacuum vessel 2 has a plasma chamber 21 in which

plasma is produced and a processing chamber 22 located under

30 the plasma chamber 21 and communicated with the plasma chamber

21. The vacuum vessel 2 is grounded to make electric potential
zZero.

This vacuum vessel has an opening at the top thereof, and

this opening is provided with a transmissive window 23 in an

35 air-tight manner. The window 23 formed of a material which is

transmissive to high frequency wave (microwave). The



5 vacuum condi tion inside the vacuum vessel 2. The top of the
transni ssive wi ndow 23 is provided wt a wave guide 25 to supply

m crowave at a frequency of, for exanple, 2.45 GHz into the plasna
chanmber 21. The wave gui de 25 can be configured by conmbining a
rectangul ar wave guide, a cylindrical 10 wave guide and a conical wave
gui de. The outlet end of the wave guide 25 is connected to the top of
t he transrirsaisne syinedowniRdow 23 ismade hEorrdsaimplied of alhminame igitidie 25 is

Gui des. m Voo TS oyiridBEFTRHeFRT 4 sher PN L RS B 20

TE node, Idapportssh\byr sstubpont crimvgi\Z3ayuindétiei alrhEiglEt meindam. MHenpde, to

v anom ol Ve Uy O ity (2 ST SURPSY Ll Bhe aneatn 8|,

arrangéd armptaqmaqultiorsga@édeomhewagpplervwelo? a side wall defining

the plasma 20 Gﬁ*iﬁé@%@ o tﬁep{féx{@n v@%ﬁﬁoévn@b :‘EQ vi&ed?%”&xct ed to
t he gas nozzles 2 gas nozzles | s capabl e supp ylna pl asma

gas such dsWAVesBuldengd @P(ﬁqqplgdsiquqi@ %bﬁeﬁr%w’@m t BeT s
chanber me fazrivte tH@%ldéxﬁ@Qﬂhaﬂib'eﬁ:}’m Fummaraveabhhaugias can Qe y two

vt or o S By a5t R e WS BL L Y o ipdel Gl el
el ect rimagrete guﬁﬂlel aﬂd maonmgam wavegjguidesimpeouslatremed thewavet he
bLasma chaghide 25 £hOaGdaeel®ro e fb! e LREI LGl civd P dbdSaa

defini ng the plasna i iary elrectrdnmagnetic
coi |l (not mme 3o leitsenflsof dilvea wgye guitlhezﬁ mﬁepoweptsﬂ thea grighessi ng

chanber eri%kééﬁe&@ﬂé s%%ﬁ%cﬂ%r @ﬁé‘ wﬁ%ﬂﬂﬁi&é ﬁ!s %h‘id@[b xﬁfél‘ovﬁ‘a?@m e

magnetlcflelda é’& over the plasma ¢C
processi ng@enerdeed ip ghe iy fHSAHRRFY. electr:l.c s°u3§\°§lﬁﬂ:é|5‘t'5$ "ﬁ’%r

pl aci ng ansk kedriidie st Innéa@ib@meergumaa i thestrgl héede @d EMCHbaddrdccal

support nmenber 40 i roce in chanb 2 susceptor 4
conpri ses YR ?nﬁt hiciowave 109 %ﬁﬁa e’h”g\%?’f:hq?f 95-, €3 and
an el ect r othcadegmissine [window 23l.aced on a susceptor body 41. The | oading

surface of the Gas ﬁUﬁE?@é‘% aAré Fjéggros%r?glc L};x %lggé& a% ﬁgpck. A

DC electric source Tor the e
connect ed $RA¢SR @t cthe dwpes) pard Wi ahsadpi gallr the éﬂe’tﬁm C

sour CeS EREmBEP | .NE Riadtna/ght aurice (ALt QHEMR) 98 connected to the
gas nozzles 26. The gas nozzles 26 is capable of supplying plasma
gas such as Ar gas and O, gas to the upper space of the plasma
chamber 21 uniformly without irregularity. Further, although
only two gas nozzles are shown on the drawing to avoid complexity,
25 the actual number of the gas nozzles is more than that.

A ring-shaped main electromagnetic coil 27 having a ring
shape is arranged around the plasma chamber 21 close to the
outside peripheral of the side wall defining the plasma chamber
21. A ring-shaped auxiliary electromagnetic coil (not shown)

30 is also arranged on the lower part of the processing chamber
22. These coils can generate magnetic field Mf (for example
magnetic field at 875 Gauss) over the plasma chamber 21 and the
processing chamber 22 directed downward.

A susceptor 4 for placing and holding thereon a wafer W

35 4is installed on a cylindrical support member 40 inside the
processing chamber 22. The susceptor 4 comprises a dielectrics



into the wafer Wis also connected. Further, exhaust pipes 28 are
connected to the bottom of the processjijng chanber 22. The susceptor 4
used is of a fixed type wi thout elevating function. 10 A substrate to be
processed, nanmely the wafer W can be pl aced on the susceptor 4 by a
carrying armwith an el evation function (not shown). I'n
addition, the susceptor can be configured so as to be capabl e of

el evat i ng Mstteed? ,a ipr ghichi aichgmlssrt 1431 anddan ébectoadie i vird dendilitg

posi ti on. ﬂt’hééﬁ orf 74 u%{)%g{?&'lpp&%}r ”Eirbe?:ﬂe 10481h 899%%8?‘8% e to

penetrate rough € vacuuntvesse and t
capabl e ofswmmg‘lmmokﬁmr@ as anreﬁﬁghrﬂététi%sﬁb‘éckheﬂv%uum

vessel 2 (eie@cﬁrﬂao d{ﬁ?es dléd?:h:%sgzatﬂ: %ﬂqcﬁl qnozosmm dgscri bed

| ater). ot he e upper par rocessi ng
chanbe? ZFOW%ﬂt% Bhet ieéﬁ°§6ﬁﬁéct44d tt® t"lﬂ'élcf:;} a@nﬁlshar%equencyzl is

provi ded VéIébi?r:R:’ 86aYreedss fdﬂﬁbbl?ﬁ!hﬁ'l@i’a@ v \Halge to intFeddewilbnng shape
rocess gas int ceSS|n chamber 2 The

f or |ntrodu0|n
ot er mat ot b rBeR otk 2380, Lot P RRTor B SRR RARRS 28 (1
r espect tcaﬁé\e:dmca:led to the eoititom of tihe gnda@ssuhmchmnbefczz .omneby a

buffer pl ate 51. The, buf f ol |s OVI d Lt h S |l es 51la as
shown in uszﬁpgton24 %ﬁ‘%i t"ﬁe?i]aoﬂex bGPPI é}ﬁ)gieg%%%ﬂ%%gmd% “®Gianber 53
are fdOned mubstaadet torkd psodesand, imamelmithei vaferdpecanvied pwilz@ed n t he
rocess ' and 54b
e connecrea oot posbtord, By L LAEEP By UmEkbh s bRER ot Lon ThrctiRrl e 240)
exanpl e, tRoth sy .gas is a deposition gas for formng film can be

supplied fromthg aaase&snga&eseuﬁsee tor d&h fb'éec@hlfi%ir&il%%bﬁé €& ter ough
t hese process gas sgppl %yggﬁag S, a and 54b. The buffer chanbg 52 and
n f 8

the gas ¢ &30 PEanaer%ﬁ?‘F%ﬁsfj;P%IB% tion, gn
proce§§ gaboading/unloading position In this case, thdZsupport memamage for

al I owi ng tlﬂ? %r 88ﬁ?§g€:?%9v5§|33 Eg I}er}xre%};%r{et Pﬁrough mh%cgg‘%tgﬁswéfg%fy pi pes

to circunferént
The pr ocestheFacyupresgl tZlamd 50 th@scanabl\% paeemaq@m uhiSe kaarfiage 50

i nclining é&aagr&rgésaéimﬁgiae%@@aaﬁm {reggéﬁ ﬂpéw\@ﬁnﬂodmeni:@ dHtwh
enmbodi nent he 7 nsi d ({erl heral surface 50 is a coni cal

surface ofi‘é BEighe 1t §ig-n28 FonBet GﬁFﬁF%ﬁﬁ%d 1at‘?‘ﬁ)c-l udi ng the surface to
be pr@oessed of dgrhetnw@f &thd¥ phas@€yd €Re upper part of the processing

chamber 22, namely the portion connected to the plasma chamber
21, is provided with a process gas supply portion 5 having a
hollow ring shape for introducing the process gas into the
processing chamber 22, The internal space of the process gas
25 supply portion 5 is divided, with respect to the radial
direction of the ring, into two sections by a buffer plate 51.
The buffer plate 51 1s provided with gas holes 5la as shown in
Fig. 2, and therefore a buffer chamber 52 and a gas chamber 53
are formed at the external side and internal side respectively
30 in the process gas supply portion 5. Process gas supply pipes
54 (54a and 54b) are connected to the buffer chamber 52. The
process gas (in this example, the process gas is a deposition
gas for forming £ilm) can be supplied from the process gas source
to the buffer chamber 52 through these process gas supply pipes
35 54a and 54b. The buffer chamber 52 and the gas chamber 53
extending circumferentially plays a role of a process gas



t he sfjsceptor 4, and an apex on the normal line at the center 10 C of the

wafer Wto be processed. Note that "thg normal |ine at the center of
the surface of the substrate to be procCessed” is also referred to as
"the central axis of the wafer." A plurality of (in this

enbodi nent, six) gas supply holes 55 is formed at the inside peripheral

surface 50 equi-spaced 15 around a circunference of the surface 50. The
gas suppl )pdmia‘gb for 581 1owtieg hemevxpfdeessz hgapreuppmgdsthmbugductihleg hol es,

e o RS Sl "GlpBlY LS A B ERER.ARS-SHPPLYIPOLESTpoaY |\ bY

to be proqnsxmbaalgnse@uyplwhposmonpsor 4 at an angle 20 0, and axes A
cross at the po t| rd
(toward the gassﬂsup y&%E? ?%S%E}gﬁl !hfggg'ﬁe&ﬁ ggg an iﬁgfdwegi{]lg\ﬁ/e \g? w
shown By sutfsge 5¢daclintng soas to graduallmflcarm apdicens dagenerd; the
axes A of {1@n93SenbORinient, thel 8sPde ‘ii'éi&i)?ér‘éﬁesﬂ?f@ée 3o §8€ Ii;%&*tt ion P

beyond the center 25 C of the surface to be processed of the wafer Wwhen
viewed frdf @ c"tqfi'é’@a@@lfﬁﬁleyOﬁoﬁecBBe I'ﬁh%o‘?tﬁ’rﬁ digs & dotram Pﬁ@tnecr 0SS

each iterudihg ReeV\ehefad to be procesddd bhetm‘wmfewtpﬁm onn Fig.
2, the axig A of eat;chrrggs \%E’\?é hol es 55 cra{s gs t he rface to be
processed Te SHFGRROT 40 274 r 00 Hhe pgrnag hing ah %h% hol e
55 mayl0cr a3 of Ithe wafpraweto risd itauedded . sibtacthad behermmessled imle t he
waf er W at

waf or 3k the Eeﬁé&%ré?'t @Oéﬁi‘%&ge%bf the subdashd %eobﬁn% e "Of ”‘e

manner I on o
angle [erris eﬁlsmlltﬁfetm@da%ps ag GtheheegasaBSaisiﬁpp?@ the @@mr osses t he

surface of the ‘@?Qﬁréﬁi@ybﬁ Pix?‘%‘fﬁ%eéhbodlrﬁ’é}ft ! BexfligHs2BGEpty HA®s he

surface of the warer Wto be processed

13 D khdFoFHmet aht thai s g pepipheradssutfage POta®H 1sPasesk er abl v
15 degs < &(ﬁ.ﬁﬁi deeirwdféréﬁaébflﬁhmm@wsweme gaedstWppEy holes

Ebodi mentE 1 cbed BRE TBHIF1 188 JPrGHES ] T O B8, e
peri pher alpmim 50 thatt ba pxis el PHemacdugpsysppprlydmoles &b aam:wtrhe
EOS' tion 08 %ha%%%ds liﬁﬁ!eyiﬂof'fi }5 &' %o%x"a&l OcPBELes 'fhé @&ﬁéﬁ&j EE' on.
speC|aIIy own 1 n etan) , each gas sup 5is
confi gur eommwagerdﬂ &olke g@oaesaqdaxi@lc@da@rs the Wpl@r fragnantangdesi ti on
al mstyg n pheafghdgdkés of c%owg i téﬂéig%iiwn the Y1t deNE! 45are e’ al
surface 50 to the outlet e
the wafer w upward ard the gas supply hole 55) on the central
axis of the wafer W shown by a chain line in Fig. 2.
In the above arrangement, the axes A of the gas supply
holes 55 crosses the wafer at the position P beyond the center
25 C of the surface to be processed of the wafer W when viewed from
the gas supply hole 55. In addition, axes A do not cross each
other on the wafer W.
In the embodiment shown in Fig. 2, the axis A of each gas
supply holes 55 crosses the surface to be processed of the wafer
.30 W, however, the axis A of each gas supply hole 55 may cross the
plane including the surface to be processed of the wafer W at
an external position of the surface to be processed of the wafer
W in the manner described above.
Combination of the angle § at which the axis A of the gas
35 supply hole 55 crosses the surface of the wafer W to be processed

and the distance L from the surface of the wafex W to be processed



the center of the processing chanber 22), and also to enlarge as it
goes fromthe position alnost in the nigldle of a wall thi ckness D of
the inside peripheral surface 50 to the inlet 15 end. In other words, each
gas supply hole 55 has a shape created by conbining the two truncated
cones. In the enbodi ment shown in Fig. 4, the thickness Dis
approximately 4 mm and an i nner dianeter of the gas supply hole 55

al nost at tpdhe ﬂ@li@t @t winich leiachnasks Prossés reach otheldiilsi pref&fablhe angl e

ais prefe g .actual an can. be sel ected
fromthe vi?iés/g W t ? %é)r jagﬁ Q fd] rq‘% pg res egi?ﬁ’&lé’
characteri B{??ﬁewblﬁéopﬂggeée 5 @eectenldtmmm@hﬂlo nﬂnheespscﬁixmﬂlw hol es

55. (see Autibmhmenl s 5 batesuinillon Dater b5 1t 144168 df @ 25
cyl i ndrd cal, ‘? SO t the inner dianeter of the portlon rom

positioh ath¥ mrt eheddFRrHice SRaln the PrAESSs Masg supply pomsme

peri pheral 5 sand atre posti®ibheot Nt g@ldshﬁpiﬁinﬁ&:@éﬁ 5 are SEWQ t19g. 5
i nst ead oftézfr_ne sha shown in Fig. 4. Inthis case al so e shape of
the outl et ec%? % Ib‘as supply hol e 30 55 is simlarly configured as

t hat shown in F.};ppemally as showm mhmgerqul aetdi B @ueh §akigipply t he
buf fer 815(?13_’ ng%ranggd I n rallel with the inside peripheral
surface 5 ﬁg ﬁ?aﬁﬁe oBnlargs g% AR AUANSY 88 LhaIQess
chanbeld fros, thfthQﬁaictl@ln BAmgstakni themiddlspafeaowal hetint ciapsss gas

ly 35 di t th
SOPELY 57 R b A 0 (5RO 5l 11

14 he Fateof themrscessing Fhémbewezz boramdoﬁlsesmcgmmge
ghen oge(rj asmogoimemh@\mm@asuma a%msge Eﬁoﬁﬁ‘é%i@d]l.e to@%Pf%ia@tlUS s
escri be er - Isolation film
consi st i ng 0 é)&?%ﬁs g&é’ﬁ% e H‘ﬁba%’ng %ﬁ?ﬂﬁfﬂs surfagenSPi ton e riddater
referri®d tends InGpther mb)rdsn ¢dwsh gabesupply Woled®histdehapbdreited o be
processed,y Scﬂﬁbﬁi‘%f@'ﬁxe tnﬁo trPncﬁEbﬁsELX a gate valve (not shown)

Si

installed on t e vacuum vessel 2 is opened. Next, the

waf er W of Iy rthe amhodimenitn showhz dnoRighi 4:h the flteckdass Murhswi ri ng
is 10 fora@kdﬁr@@féwd i OFh& a!rpﬁﬂnéﬁﬁiaﬁ'a% gﬂ@tgaﬁﬂ'gﬂg%l&rﬁogl { he
vacuum ve I @et carr Ifé arm nQot. shown

suscept or st a 1ad aFlé lgknessth 64%29"%I ’éEeﬂﬁdllﬁﬂC@r:nal

20 the anglecais preferably set at 30 to 150 deg. The actual angle
can be selected from the values within this range according to
dispersion characteristic of the process gas ejected through
the gas supply holes 55.

A shape of the gas supply hole 55 can be configure as a

25 cylindrical one so that the inner diameter of the portion from
the position almost in the middle of a wall thickness D of the
inside peripheral surface 50 to the inlet end is constant as
shown in Fig. 5 instead of the shape shown in Fig. 4. In this
case also, the shape of the outlet side of the gas supply hole

30 55 is similarly configured as that shown in Fig. 4.

In the embodiment shown in Fig. 2, the buffer plate 51
is arranged in parallel with the inside peripheral surface 50
and the buffer chamber 52 is provided outside the gas chamber
53. Instead of this, an internal space of the process gas supply

35 portion 5 can be horizontally divided into two sections by the
buffer plate 51 to form the buffer chamber 52 at the upper portion



at rmsp.here I s exhausted t hrough an exhaust pipe 28 to create 15 a vacuum

conditifon having the specified vacuum pyessure. Then Ar gas (plasm
gas) is introduced into the plasnma chanpber 21 t hrough the gas nozzle 26
at the specified flow rate. Further, Clerr]Flerr] gas and (Jerr]Herr]
gas are introduced as deposition gas into the processi ng chanber 22

fromthe process gas supply portion 5 at 20 the specified flowrate
respecti velnyd timel gas aclhaostlizt iS5 dthahe lowarppessice iréspetetielyw.acuum

vessel 2 is mai ' peciile roces ressure. bias voltage
at 13.56 Mz i S”%tg%rpﬁggﬁ‘%tﬁ_gfi % r%l%sgé% %trg‘?&f'w(ipﬁﬁaﬁafpﬁ%ﬁfﬁW%l ectric
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part of tearbon &Bidm thezeséiter refrrred itet asdlCREilm™) ohetle amfiexhanber

21 t hrpUoharhdBy t #18d) S BEY ret MVitdd W Bgoc@sﬁa? 25 hey 1dmgnet 30
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manner20of hepipediifildde rdewosdte HespaetIvVeRyl echd in a condition that
| a pressure inside the vacuum vessel 2 is maintained at the
specified process pressure, bias voltage at 13.56 MHz is applied
to the susceptor 4 by a high frequency electric source 45, and
a surface temperature of the susceptor 4 is set, for example,

25 at 400C.
High frequency wave {(microwave) Mw at 2.45 GHz from the
high frequency electric source 24 reaches a ceiling part of the
vacuum vessel 2, and is introduced into the plasma chamber 21
through the transmissive window 23. On the other hand, magnet
30 field Mf is formed in the vacuum vessel 2 by the main
electromagnetic coil 27 and the auxiliary electromagnetic coil
(not shown). At the point where an intensity of the magnetic
field Mf becomes 875 Gauss, electron cyclotron resonance is
generated by an interaction between the magnetic field Mf and
35 the microwave Mw. The electron cyclotron resonance ionizes the
plasma gas to convert the gas into a plasma state having high




fromthe process gas supply portion 5 to the processing chanber 22 is
described in detail using Fig. 2. Firﬁgly, the CJerr]F[err] gas and
Cerr]H err] gas supplied fromthe proCess gas supply pipes 54a and 54b
respectively to the buffer chanber 52 disperse toward the 20 gas chanber
53 through the gas hole 51a, and bl ow out through t he gas supply hole
55 into the processing chanber 22. At this time, since each gas
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Since this results in a situali concentration distribut’lon of
carbon andth® (32§ RRLY holer 55 Apto the processing chamber 22.

At this time, since each gas supply hole 55 is formed so
that its inner diameter enlarges toward the outlet side, the
deposition gas can easily disperse not only in the direction

25 of the axis A of the gas supply hole 55 but three-dimensionally
from the axis A as a center. That is to say, the deposition gas
disperses with directivity of expandingwhile inflating, namely
with wide directivity. Since the axis A diagonally crosses the
wafer W at an angle of § , the deposition gas diagonally blows

30 out downward through each gas supply hole 55 with the
aforementioned directivity as shown in Fig. 7. Since the axes
A of the respective gas supply holes 55 are configured so as
to cross at the position the distance L upward from the wafer
Won the central axis B of the wafer W, the deposition gas blowing

35 out through each gas supply hole 55 is supplied so as to reach
the position P on the surface of the wafer W while crossing at



formed on the wafer Wbecomes al nost uniformin the surface, uniformty
of* CF fil mproperty can be inproved. Slrlr@ce the CJerr]Flerr] 20 gas and
C[err]H[err] gas do not react only by Xing, this type of

configuration is effective. Since the deposition gas disperses
whi | e expandi ng three-dinensionally fromthe axis of the gas supply

hol es 55 as the center, the deposition gas disperses in the embodi ment
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configuration is effective.

Since the deposition gas disperses while expanding
three-dimensionally from the axis of the gas supply holes 55
as the center, the deposition gas disperses in the embodiment

25 shown in Fig. 8. Therefore, in comparison with the .case of
directivity of the deposition gas extending in a beam shape,
namely the case of dispersion with narrow directivity (See Fig.
24 and Fig. 25), the deposition gas disperses in a wider zone.
Therefore the concentration distribution of the deposition gas

30 1is equalized because the deposition gas can also spread to the
peripheral part of the wafer easily. This results in an
improvement of uniformity of thickness and in-plane property
of the CF film to be formed.

Furthermore, since the axis A of each gas supply hole 55

35 does not cross each other on the surface of the wafer, a singular
point at which the deposition gas concentrates on the surface



20 affected even the overlapping area of the deposition gas is | ocat ed
above the wafer Wby tests to be descrj.bed later, it Is preferable to
set the distance L from5 mmor nore to 15 mm or |ess. By the
way, it may be possible to avoid the deposition 25 gas from overl appi-ng

wi th each other to inprove the in-plane uniformty of the film

t hi ckness. This is achieved by allow ng the axis A to cross the wafer

surface atof kBePparér Ilfaca&e(imm&:ed Tisd B Xfe 4 lied SN MO Hipﬁ&@ thafter W

\éloﬁ:‘N: 88r2{€ ”ﬁ}%%@%ﬂ% %P#ﬁFEHﬁégspgg‘\éA%x%é ‘Iil?r‘]ﬁf?p h‘gq’@é’lmefl ar ea

because t hextgasnely lawpprythian ehait dhetloevtheroplide. vm:faﬂr i¥Wtesayes | ow,

worse . suod B b ¥ g BeA e ubBag hhe 2 dBeppeR el S or o 5

to conﬁi rmhmmmsuagenothe hil ftiarste &nbibdgheerthars theswaEbedd on théacuum

g "CANIAR R I e N e dgte ol Pls blowing 5%ia

perfor med. thyrough adhwaspnsuppd ywhelenbbodeeedneb eincentate on tdhieanber 21
at the spegdiddiethd éﬂi’irfta‘?% oANehé h@uﬁé‘éé ]o'i[ ehel wﬂééraﬁd A&rdd Hra ]

gas were introduce processi n nber 22 at 5 specified flow
rate. H gHle%98schloving 3 ks thEpugh o eawogw supply &glsoaérovarlm W and
p][ ets?] ue |iveddifed hﬁmlpa&aggwggs%rg?é becauBeZofxhe directiv:.f?eoﬂ@ﬁise [err]
o] e gas_sup 0 0 e _PrRcess, gas or.tian

changedgl nslfﬁ%éajé}%éﬂhgﬁ'elﬁwgnéb ﬁg %‘Fﬁf‘% the B ggg Ehw c?ﬂ"anged I n
the range Wfdirdat10 uum@eh:otbiepaverlappﬂaxg)laneal hayg pé pasgpiEkli¥nddilm

Lt ckness Bbbid il Qingha bEotnt U BBAG TH ¢h10RAGHE YA Phe

Opti - prob 0 I nvest fesurt of this
test, it eeirtpem fthedwgfer L wormppefims te HhenpyeslppPingreem®E t he

| ar ger15t hetid h%b@&%&aﬁ%@hebae ﬂé&ﬁﬁé& the s Eﬂa&e ﬂﬁ‘ﬁ otmﬁetﬁa.tm of the

peri pher al rt, an e lar ger n err econes, the smaller
Phe T11m ticatiads daentnds g 1g ajap dhe

ROt HBRTRYe ¢
peri pher alupbférmity of tagdicH mi,lmf thickhess est perforrred by changi ng t he

gimS)Lﬁ?CG - o?odeépollscﬁ |SW n nf ! rﬁgcggn?%?&hﬁg?éas‘ghé e\r/&‘lliésr@{née r}'-Imar ger than

smaller than 5 mm or larger than 15 mm, the f11m thickness is

20 affected even the overlapping area of the deposition gas is
located above the wafer W by tests to be described later, it
is preferable to set the distance L from 5 mm or more to 15 mm
or less.
By the way, it may be possible to avoid the deposition
25 gas from overlapping with each other to improve the in-plane
uniformity of the £ilm thickness. This is achieved by allowing
the axis A to cross the wafer surface at the point located near
side of the center of the wafer W viewing from the gas supply
hole 55. However in this kind of configuration, the CF film
30 thickness becomes thin at the central area because the gas
supply rate at the center of the wafer W becomes low, and, as
a result, the in-plane uniformity of the £ilm thickness becomes
worse.
Now, a test example performed actually by the inventors
35 to confirm an advantage of the first embodiment is described.
Vacuum processing apparatus shown in Figs. 1, 2 and 4 was used.



15 mm an anount of deposition at the peripheral increases. The reason
of* this phenonenon is considered that y@en Lis smaller than 5 mm

j oining point of the deposition gas approaches too 25 <close to the wafer
surface, the gas through each gas supply hol e 55 overlaps in the al nost
same condition as the case in which t he axes A of respective gas supply
hol es 55 crosses each ot her on the wafer surface, and the singular

poi nt i s eastéyt gemeprddtte CF ailmhe’ncdzﬁlbr abfparw. oﬁhaghmclotﬁteze hviered, it hi S
consi dere 3 n.L is larger than 15 t he _di st ance petween the
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i s easily chambardl at the spewtifdledpfilow rate, and tHald,B, gashand GGHal uati on
resutts of ghhe okl offildgiled NEo thef ;;JHB G 1BeShdiile?259 G@ndldd on- The
in-plane uniformty was eval uat ed by cal culati ng  nean val ues an

st andard depeeif flow mate. HighhErequenchinikreas yast setpatir250Q W.of
measuring pPhfigowet9at 1500 W, and pressure inside the vacuum vesdél at

points this tine) set so that the points are equally spaced on t he
surface ofOthePdmfer to be processed and by taking "3[err] / mean val ue

(%" as an index'rﬁ@rarn@%m6fgtﬁélga§n'sﬁ§§i§tmbﬂe@, 556 f thePpP6EEssyau!r f ace.

g

In addition, the ar 3 inward fro e b5 peripheral of the wafer Wwas
excl uded f?%ﬂ?ﬁﬁé"?’%@ﬁq %@*%ged g]ﬁeg%%ﬁaﬂ%epBEnfé.t° %0 &eg' and
Tabl e 10 the dirsfaroer Llwas chafigethin thefrange olf=(1 @kon20 nrib prepare20 nm

ggg Bléﬂralityéllgsg'sgamplessgga film tg;gkiliess dzilsotlarzt%ution oil:'?l,v?’e

9 1 gbtained samplps was méasured by ag Qpti-probe 45 investigrate
4.5 1 profil@.- 2 8.2 60 8.9 4.2
5.1 6.3 7.9 63 . 9.6 5.0 5.2
6.9 8. 1 As a res@g‘: of thisﬁgﬂt, it wasgcepfirmed thap the smalider
2-05 15 thé@nglef g%e?orﬁes s theoﬁr?ger the fg.ig&hicknezsélg't the centrall "
) . . . en
Table 1 i sg%fév%%c%esse&%gﬁ Fﬂg%a%fg\)"é‘eaﬁﬁr §7B{1§r?JesRﬁr[]1'S’, ana #fe larger

the angle § becomes, the smaller the film thickness at the
central part becomes than that of the peripheral part. In
addition, from the test performed by changing the distance L,
20 it was confirmed that when L is smaller than 5 mm, an amount
of deposition at the center increases, and when L. is larger than
15 mm, an amount of deposition at the peripheral increases. The
reason of this phenomenon is considered that when L is smaller
than 5 mm, joining point of the deposition gas approaches too
25 close to the wafer surface, the gas through each gas supply hole
55 overlaps in the almost same condition as the case in which
the axes A of respective gas supply holes 55 crosses each other
on the wafer surface, and the singular point is easily generated
at the central part. On the other hand, it is considered that,
30 when L is larger than 15 mm, the distance between the center
C of the wafer and the position P becomes too large, and void

is easily generated at the central part.
Table 1 shows evaluation results of the uniformity of the
film thickness for each condition. The in-plane uniformity was
35 evaluated by calculating mean values and standard deviations
o of the £ilm thickness at a plurality of measuring points (49
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configuration, the dep05|t|on gas cmg_iatlon does not becorre hi gh or
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gas suppl Mol es ar¥0 p? oviided8i® t he exd.drnal| si 8elof @ plidsda
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hol es 55 B% forledB9nlthé | 2A-Qe peri pBePal {sur¥®cde 50 oflZ-He process
gas supply portion 5. However, in this exanple, the inside 20 peripheral
surfacg 50 is | .g rt.fromthe Rl.asm mssmn
sone PY  Ther ef dRg ¢} agi%gk%suggéheﬁgﬁsga%gx Elh%a ove analys:.s resul
it is understood that it is preferable to combine the angle
6 of 15 deg.= 6 =65 deg. and the distance L of 5 mm=L=15 mm
and it is more preferable to combine the angle f of 30 deg.=
6 =45 deg. and the distance L of 5 mm=<L=10 mm in order to
15 1improve the uniformity of the film thickness.
Now, another other embodiment of the gas supply holes 55
is described referring to Fig. 9. In the embodiment shown in
Fig. 9, the axis A of each gas supply hole 55 inclines at an
angle of § from the straight line connecting the gas supply hole
20 55 and the center of the wafer W in order to avoid passing through
the central axis B of the wafer W viewed from the direction of
the central axis B of the wafer W. The axes A of respective gas
supply holes 55 crosses the wafer at the position P' locating
far side of the center of the surface of the wafer W to be
25 processed viewed from the gas supply hole 55.

Since the axes A does not cross each other on the surface

of the wafer W and the axes does not cross the wafer surface



provided in the inside peripheral surface 50 and in the exterior of the
pl’asma em ssi on zone Pz. Thi §, configuration enables to prevent
the gas supply 25 holes 55 from bei ng-exposed to the plasnma. Therefore
adhesi on of the process gas on the gas supply holes 55 can be avoi ded,
and a throughput of the whole film processing can be inproved when t he
filmprocessing is perfornmed. In other words, if the gas supply hol es

55 are progtdsak posidechFodd HiSitRn8 AT SSi A oEOfee FentBE CldRrdeROmid On gas
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ar oundl heggasratied| in [thlecplabma asteanttesnlzlily £ lews eps 9l.ashe! &llow an&l£ani ng
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t hr ough Fig. ] r I ment ustrated i hrough Fi g.
8 is that ¥aolRyHES: o¥0+ he process gas are supplied to the processing

chanbers wi t hout 1 xghis exé!ﬁﬁiéj,elﬁﬁ@ }_51:{6&1%5@'%@ éif;fifl%{s%)cﬁébs.l.lo‘iﬁwljys _
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pl ay a rol 8a%fspppt¥spoyhton 5. However, in this example, the inside
20 peripheral surface 50 is located at the position apart from the
plasma emission zone Pz. Therefore the gas supply holes 55 are
provided in the inside peripheral surface 50 and in the exterior
of the plasma emission zone Pz.
This configuration enables to prevent the gas supply
25 holes 55 from being exposed to the plasma. Therefore adhesion
of the process gas on the gas supply holes 55 can be avoided,
and a throughput of the whole film processing can be improved
when the film processing is performed. In other words, if the
gas supply holes 55 are provided inside the plasma emission zone
30 Pz, the deposition gas collides with the plasma just after
blowing out through the gas supply holes 55 during the
deposition gas supply. Therefore a large amount of £ilm deposits
around the gas supply holes 55. The large amount of deposition
causes peeling of film which becomes particles, and it takes
35 long time to remove the large amount of deposition to prevent
particle generation. Therefore, the throughput of the whole



passages in the process gas supply portion 6. The space above 25 the
partition wall 6A is a first gas chanbgi 61, and the space bel ow t he
wal | a second gas chamber 62. At the positions corresponding to
the first gas chanber 61 and the second gas chanber 62 of the inside
peri pheral surface 60, a plurality of first gas supply holes 6la and a
plurality 30 of second gas supply holes 62a are fornmed and are
circunfereﬁilmlbyoe&ss&mgmﬂe@ﬁéagﬁguoxinately const ant interval In

hi I f h h d I
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are | ocat e@prarahus pfitheopresent inventhomris idescaiped sefiewklhg to
conventlonﬁiﬁgasmuwﬂbu | epignd 16, btﬂefafsﬂeé G HBP! dnPodfifefla are

| ocat ed at t e position 5 15 mmoutward I n conparison with conventi onal
gas suppl ythbpgsrated in Fig. phY thueugh Eig- s]cr‘bgg hotke embegiment
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al nost ua y aced c nti al I are connect ed the ition
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source (not S h™ t'wo
correspondthati g€ the precess, gas cvnpdy @9§§§°Gf5tﬁb°u@pbslﬁi®n as are

suppliz@ to Especially as shown in Fig. 12 in detail, the interior

of the hollow ring-shaped process gas supply portion 6 is

horizontally divided by a partition wall 6A to form two gas

chambers. These two gas chambers play a role of process gas

passages in the process gas supply portion 6. The space above

25 the partition wall 6A is a first gas chamber 61, and the space
below the wall a second gas chamber 62.

At the positions corresponding to the first gas chamber

61 and the second gas chamber 62 of the inside peripheral surface

60, a plurality of first gas supply holes 6l1la and a plurality

30 of second gas supply holes 62a are formed and are

circumférentially arranged with approximately constant

interval. In this example, the first gas supply holes 6la and

the second gas supply holes 62a are provided at eight points

circumferentially and equally spaced. The first gas supply

35 holes 6la are located inside the pitch circle of the second gas

supply holes 62a. The axis of each gas supply hole 6la and 62a



25 the processing chanber 22 are shown in the draw ng, nore nunber of

gds chanbers can be provided in the process gas supply portion 6
corresponding to the nunber of types o22the process gas. Now t he
case that the deposition processing is perforned using two types of the

deposition gas, nanmely the CJerr]Ferr] gas and 30 the CJerr]Herr] gas, is
considered. The CJerr]F[err] gas and the (Jerr]J]H err] gas are

si mul t aneoysly int oduced to_the deposition gas supply portion 6
through th 1@%13 prreat MW@’%ﬂgspectively At this tine, the
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supply hol és 62a 't owar zone ra eposition gas
supply por 8F8nfermedat MW$§MBd15 mt@@m frroml kbetuppemiendin the
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shows ow out distrjbuytion of the err i@{iﬁlb as _and 10" the
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ha\él nlg (r]I el the pdltwhsenitdles peciie segbﬂalgh)s slipyief ROZes 62afrDA@c<Qi9c$iﬂ ¥y N tlhfe
radial dir t t t onal | y
expandi ng gﬁr eﬁpf ong%lg '@&e % BEL 4 arst I]T°ﬁ3t8 g2 éﬂ%ﬁ 9°ﬁ§F gﬁp? center,
and bl ows watingeid Ay Q_@npmwapbcb@mﬂmnaﬁ gasisupgplonhohes and ends

sl enderly ‘Eﬁg secorﬂi éggwp%ﬁﬁ.}pﬂw&@r&a @etmg$5t%@805§@i%q rgFlerr]

gas hag relativel e specific graV|ty di sperses nore easi | Yy in

t he t HPBeR m.iéhm saﬁdw#gh oﬁcr!@cemwrtadksng SWRPhXiRoXsS « he
gas supply hol e R5d de6est ef Iqalsh upg1gn Hdolldd1es 3 aahal 6di rp&wimn%o aof the

wafer W an f\/\@ o% t he_ bl Qw out ?. it rhbut on assah%\él a shape
that expa Hort el%ll\gﬁ REATMPHLE - é’r?T‘T—I BrFP B‘&E p g st since
the (err] ei[mal}y g@adeldos\trmmmﬂmw@llwharemmed to tthetpwsifican t he
ol os.. ¢ ne 2 b S Rhdiy ot RAE' 48, ciifher. ol ARATPE S8 RO " Y
t hr ougl) eaghreumEereniinh supfacsupfl Yhe process gas supply portion 6.
The other ends of these gas supply pipes 63 and 64 are connected
to a gas supply source {(not shown).
In addition, although two gas chamber corresponding the
case in which two types of the deposition gas are supplied to
25 the processing chamber 22 are shown in the drawing, more number
of gas chambers can be provided in the process gas supply portion
6 corresponding to the number of types of the process gas.
Now the case that the deposition processing is performed
using two types of the deposition gas, namely the CJF, gas and
30 the CH, gas, is considered. The C,F, gas and the C,H, gas are
simultaneously introduced to the deposition gas supply portion
6 through the supply pipe 63 and 64 respectively. At this time,
the C,F, gas having relatively large specific gravity among the
types of the deposition gas is introduced to the upper gas
35 chamber 61 through the gas supply pipe 63. The C,H, gas having
relatively small specific gravity among the types of the



hol es 62a does not overlap, or slightly overlaps each other, and the
gas blows out so as to cover alnost all the area over the wafer. Fig.
14 illustrates the Jerr]Herr] gas codkentration di stribution over the
wafer with solid lines. The CJerr]H err] gas shows 30 al nost uniform
concentration distribution over the wafer. On the other hand, the
Clerr]Flerr] gas blows out through the position nearer toward the axis
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distributign over_the wafer with dashed Iines Cerr]Ferr
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having a shape that expands more widely than the C,H, gas.

Here, since the C,H, gas blows out through the position
farther from the axis of the process gas supply portion than
the conventional gas supply holes, the top end of each beam of

25 the C,H, gas blowing out through each of the second gas supply
holes 62a does not overlap, or slightly overlaps each other,
and the gas blows out so as to cover almost all the area over
the wafer. Fig. 14 illustrates the C,H, gas concentration
distribution over the wafer with solid lines. The C,H, gas shows

30 almost uniform concentration distribution over the wafer.

On the other hand, the C,F, gas blows out through the
position nearer toward the axis of the process gas supply
portion than the conventional gas supply holes. Therefore, the
distance between the gas supply holes 6la and the central axis

35 of the ring-shaped process gas supply portion 6 decreases. And

since the first gas supply holes 6la are located higher than



wafer even if they are sinultaneously supplied fromthe deposi tion gas
sdpply portion 6 to the processing chanber 22. Al t hough the
deposition gas supplied over the wafer24Vis 30 converted into plasnma state
by the plasma to becone the active speci es, anounts of the active
speci es of carbon and fluorine generated by the plasnma becones al nost
uniformin the wafer pl ane because the concentration distribution of
each depos tion as e uniform _As result th Ian
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the gas sugpky thehwiesrbHla and 61b shown in Fig. 12. Now a test
exanpl g, perforned to verif ef f ect hi s enb ment is cribed.
Usi ng f(he pl asma’ PF oCRT NG & gﬁﬁé:r%)us:éaﬂl Bh et ??4%, ot 9 AW dsbi gas
suppl y por gasrotxasn@ifrom Ehg. procesk’gadisuppd yvpsrisitapabeade tthet dmf@i- asma

chamber 218 oy d |l bt Oehled WeeARGoal Borad e¢ P tbh 988c A0E4 e

Cerr]Herr] gas were su rom gas ¢ and t he
second gasnehafiten bhetﬂebodimqmb-cdss adherswophg. pwhehod Broeess tdrs

processi NnggapaiIp o.@t?icﬁ{ 15 offthﬂ:y"tﬁribeﬁhé‘f 1.4& @Cﬁnbégqarﬁi) CSBCBhs are
respeci‘%vel y, high frequency fromthe requéncy power source
and bi pSEPligd s %@ceoﬁSimGhW}é% lfSWWSFIégB@c?ﬁ‘%I%?S HERREY t i on

tfzrrpe]r at ur Roles V@S SHowd 460Lﬁglfclsandst hesdd, f ithe hauneenfr.ﬁmcbﬂm ckpess
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t he above- %\A?'Fﬁﬂggg iSASHy gas over the % %gr %‘é%%r‘%‘@é’?é‘] Beag?)ar at us

used in ththetédtfferendd ccﬁ)rh‘hegdxierdcs;mvihmtoftdsaa:ldlwset(sleemlgf. 1ék. end of

t he inside #I:g o2 f Pselgc_xlaj rtgon 6 is
300 0t he | nprE% a‘ﬂir}gﬁer? off; O&E I NSI &ﬂigir?ll 8%2’%% gjgr#gg ot

each deposit:l.on gas in advance like this and setting an

inclining angle of the inside peripheral surface 60 of the
process gas supply portion 6 and positions of the first gas
supply hole 6la and the second gas supply hole 62a according

to the blow-out distribution, two types of deposition gas having

25 different specific gravity can be supplied in almost uniform
concentration distribution of each deposition gas over the
wafer even 1if they are simultaneously supplied from the
deposition gas supply portion 6 to the processing chamber 22.
Although the deposition gas supplied over the wafer W is

30 converted into plasma state by the plasma to become the active
species, amounts of the active species of carbon and f£fluorine
generated by the plasma becomes almost uniform in the wafer
plane because the concentration distribution of each deposition

gas are made uniform. As a result the in-plane uniformity of

35 the CF £ilm properfy can be improved because the concentration
distribution of carbon and fluorine in the CF f£ilm deposited



60 of the deposition gas supply portion 6 is 45 deg.; the vertical
di'stance L2 between the first gas supply hole 6l1a and the second 30 gas

supply hole 62a is 15 mm the first ga% supply hole 6la is provi ded 15
nm bel ow t he upper end of the deposition gas supply portion 6; and the
second gas supply hole 6la is |located at the position about 15 nm
nearer to the central axis than the gas supply hole 62a. 35 And
uniformty of the property of the CE film deposited was neasured with
an Opti -pr%e themrrif ek (RECAMes) aimOStaidéorm 1n the plane.
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nanely_ a process gas passay is provided 1 nside the grocess gas suppl y

porti ok 5. °éa%59u§1513‘9 the Wesg% anth ey Cofbe G2t METBCFHBPHLSLatEX™ are
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addi ti on, HFgﬁﬁﬁﬁkP"ﬁpﬁup?}Ysﬂﬁ i?’h 3§8WP§06953 B5% aé%beﬁzga%% that a
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gas suppl ypghggsffr’gm f1: e ﬁﬂ&h%ﬂﬁuency power source and bias power were

20 set at 2700 W and 1500 W respectively, deposition temperature
was set at 400°C, and the CF f£ilm having film thickness 2um
was deposited on the wafer in a condition similar to that of
the above-mentioned embodiment.

The plasma processing apparatus used in this test are

25 configured so that: the diameter L1 of the end of the inside
peripheral surface of the deposition gas supply portion 6 is
300 mm; the inclining angle 8 of the inside peripheral surface
60 of the deposition gas supply portion 6 is 45 deg.; the vertical
distance L2 between the first gas supply hole 61la and the second

30 gas supply hole 62a is 15 mm; the first gas supply hole 6la is
provided 15 mm below the upper end of the deposition gas supply
portion 6; and the second gas supply hole 6la is located at the
position about 15 mm nearer to the central axis than the gas
supply hole 62a.

35 And uniformity of the property of the CF film deposited
was measured with an Opti-probe (manufactured by Thermawave



30 type of process gas corresponding to the types of the process gas
to be supplied to the processing chanber 22 nay be provided. In this
case, each gas supply pipe is equipped2ith the mass flow controller.
In this enbodi ment, for exanple, all types of the 35 deposition gas (for
exanple the CJerr]Flerr] gas and the Clerr]H err] gas) are supplied to
t he processi ng chanber 22 through the process gas

27 pIy ortion 5. In this case, the,deposition gas is sy plied
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fl f t ot t fl
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on theggas l'ine he case Fi 26) t t he gas supply
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the gas suBRFP REFes B Gorisitad i obpS abste LR Rk effieBiine paly) 7"
enbodi nent arwhagﬂihendlmbmst)feqdaé.ly spaced in the outside peripheral
surface of the process gas supply portion 5 in this embodiment.
20 And each gas supply pipe is equipped with a mass flow controller
57 (57a through 574).

A ring-shaped gas chamber, namely a process gas passage,
is provided inside the process gas supply portion 5. Gas supply
holes 53, namely gas introducing passages, are formed, for

25 example, at 16 positions circumferentially arranged and almost
equally spaced in its inside peripheral surface.

In addition, although Fig. 17 shows the gas supply pipes
56 in case that a type of deposition gas is supplied to the
processing chamber 22, the gas supply pipes 56 for the other

30 type of process gas corresponding to the types of the process
gas to be supplied to the processing chamber 22 may be provided.
In this case, each gas supply pipe is equipped with the mass
fiow controller.

In this embodiment, for example, all types of the

35 deposition gas (for example the C,F, gas and the C,H, gas) are
supplied to the processing chamber 22 through the process gas



gas subply pi pes 56 is increased, the deposition gas is supplied to the
deposition gas supply portion 5 at the sane flow rate t hrough a nunber
of positions equally spaced in the 2Eircunferential direction. Therefore
deposition gas pressure 35 in the deposition gas supply portion 5 easily
beconmes uni form circunferentially, and the bl ow out distribution of the
28 deposition gas through gas supply holes 56 becones nore uniform
Therefore, even if the necessity to increase the,gas fl ow rafe to deal
wi th enl ar §BRBAY RATHOR Sof IR Hdtifiapase widiq deposition gas, it %‘Ilwai‘}fe%f the
bl OWB out dltatﬂéé)pﬁA:bgassf déﬂguﬁppp];iotﬁtg@ﬁs fi@la?] ddgxmwgbngasa_sumsl Fléwl esf56
can be inproyed, And, su | formty of t W Lstrihutjon o

t he deposi Ff%ﬁ g gontr Fﬂg‘%yttﬁ’@ @?fﬁc’%’lqvﬁgfnfgﬁgig?ﬁ% %ﬁoyﬁev%%%%si tion
gas gendspeedihy imethel provess ayas auppdy byrbronrk, amid blowdi owtt |y
above the f nd_als I_0- Lt or 11t h ' t ok ckness
of the o £B1 pectBECGRRI naie; R REr P Ml s Subpn¥ B’ 83

Now, a tesateaanplmostrinifiexm tHlowmabe.t he effect of this enbodi nent

i s descri bed. t 0, ﬁ@yj i | ent 15
configuration ofI r?ethgfarsggﬁ%%f i/é%%re t%%%%%%asﬁ g’gg& g&p%??%?%géﬁﬁéa 56 to
be connect ¥dthothramagsr €ileW CoBETEIYLT 18A, t hF oblad #pROSItion ggys wefe

or ebar ed. BRUSALLAL 44ie RERAPIR, CAUEDIRG) talb gt sockl hdYReRIERLY moans
shown | i g. , Fi g. , Fi.g, an i.Q. re referred to as
caut pride | ALowgkAtaaR: ine AehaFbALAR 9R5 L€ CHRITEIIPHE R PE SLERYA
Confi gur at inaasqfldvheogm&osiulem ytdmoaélbmﬁmi ghbef lams pheotigh each gasl t he
equi pnrent B_are_substapti.a ' ' t e . n lon 5
chown T n FoyoPsy TP AR et breT e SR 1al T R s sptt NG sREGRART D
rel ati on b&oweeposhtions cixfcunfieirensiajdy suvpprgedoingl equefdygspacedply
por t1.0n angpl B Wt¥i1 W beriphet df Birtabe! £ HBiof irdtte oMY dickRNpes NOWN 11

Fig. 2. Further, t gas supply | es were provided.
And t h&3 coRPEdtiaRi-on of the gas supply portion of the equipnent Cis

identical to thapcebréfRgURSiE Hllsy e@bbHiRBnE NN e Filgw 2aténby one
i ng-shaped, ePaPokith8h 545! 2 he’ HSwAZErean SERE' YePBRL' RlsS" £10w

controller 57 of each gas supply pipe 56 is controlled at a

constant value even if gas line length of each gas supply pipe

20 56 is different from each other, the deposition gas is supplied
to the deposition gas supply portion 5 through each gas supply
pipe 56 at the same flow rate. Therefore in comparison with the
case that the flow rate of the deposition gas supplied through
each gas supply hole varies depending on the gas line length

25 1like the case {see Fig. 26) that the gas supply pipe is branched
off to two pipes at the downstream side of the mass flow
controller in the conventional plasma processing apparatus, the
uniformity of the blow-out distribution of the deposition gas
through the gas supply holes 53 can be improved.

30 In addition, in this embodiment, when the number of the
gas supply pipes 56 is increased, the deposition gas is supplied
to the deposition gas supply portion 5 at the same flow rate
through a number of positions equally spaced in the
circumferential direction. Therefore deposition gas pressure

35 in the deposition gas supply portion 5 easily becomes uniform
circumferentially, and the blow-out distribution of the



Now gas supply systemin the equipnment A through Dis descri bed.
Firstly, in the equipnent A a pair of the gas supply pipes 35 58a and 58b
connected to CJerr]F[err] gas supply s28irce and Clerr]H err] gas supply
source (not shown) respectively are provided with the nmass fl ow

29 controller 57 respectively. Both of the gas supply pipes 58a
and 58b join into one gas supply pipe 58c at the downstream side of the

mass fl ow ontrol | er 57. The gas suppl ipe 5 further nches off
Lo wo bl pEePERGt LN sog nphadh Sod S8Rl e hdie 6 pobhbs mora i £050 1 on at
ogpom teI posi t Ih omseﬁéfbﬂs.gevanaﬁli the necBEs tyobd iigitrakbisenthes gmsbﬁltagt i aljl y
i dentical to,t nti qQnal one O an
the gas su ﬁF? g? p%e%‘g(?%r@ en&af@ﬁﬁ'&&?eaf %%%eo‘fr t:?& &’Hgsgdwgggf%%%bl y
porti on 5 &hetimeifidrmidpposi the fukiw-iout @86tdibutbpmrdaf whehdepodvitiemi ng of f
at the r i_de t ro 0 I t d
The mmsd 1 PaS THEPERR BE° sopny® pBRRs, e WaiHd dmfovil. b Aén 1D 0
obt ai ned bynmﬁbnnptyw@ thieebhawbeunt stistrd buddeacef ihedeppsitionggag he gas

suppl y pi ps:%iﬁgg tﬂil% réﬁﬂeé@ai?ﬁgtga&es%éfnaooafl QB% J&pdslrtltdy sg&xanpl e
two) by the nu types of proces Ehﬁ usengll n thls
exarrpl e tV\B?nﬁFétﬁfldW Hbe plasma flow caReq 3@9§°§%}ﬁp’fn}f§c§"ﬁi eetly he

equi pment Bobtel eh8Bfafer Waed alsbhehe ModI@id wwideinifyFtHe #1mThat is

0,300 L esplss, SR URTE A1 SR b A b e SRR

chanber ar émpsedetio supply the C[err] Flerr] gas and the (Jerr]J]H err] gas

respectivel y. Heiggya PRLL: il YUIHOLIAES a3l 9 th B rect S EhtST Vel Y

used for the C[err err] gas rng-shaped gas
suppl y porPmbndé\menheiép@ewribb%elt|on 180 deg 25 apart, and a pair of

gas supply pipespggg a é§9 @50|¢§d§fﬂ§’equipﬂ@ﬁ‘i fﬁrav&h Catléﬁéfeﬁfe
con_necﬁd to the ri ng as su!%)}/ gortlon at t (o] o]

posi ti bh 186nfdgurphien 1y pgEft Bﬁngftkﬁ,gaga‘g-‘llgﬁlg §7 PPF pe 58f
excl usi vel geugedcoéd Qfortrm:ted 1:6[ Ellié.il E{d&fﬂﬂorﬂ@&eenl"iéle mstmrppbn pbgtion 5
I's displac fro t he_.con Qsition

pi pe 58g eigPSs?@Ef’y epagg d %‘Feﬁteerrr] S ES quéEWeBF P ﬁ%ggéﬁag ng%/y
pi pes 58f wnithS5@zys mupply means Hhownwin ﬁ'itgmelﬁ35§'ifg.OWBBorifxg)l I18C sad

respectli vei;._y‘_g. ! 18D are referred to as equipment A, equipment B, equipment
20 C and equipment D respectively.
Configuration of the gas supply portion 5 of the equipment
A and the equipment B are substantially identical to the gas
supply portion 5 shown in Fig. 2. In these equipment A and
equipment B, the geometrical relation between the axis of each
25 gas supply hole of the gas supply portion and the wafer W is
identical to that of the embodiment shown in Fig. 2. PFurther,
the eight gas supply holes were provided. '
And the configuration of the gas supply portion of the
equipment C is identical to that of the gas supply portion shown
30 in Fig. 9. Only one ring-shaped space is formed inside the gas
supply portion 5.
Now gas supply system in the equipment A through D is
described.
Firstly, in the equipment A, a pair of the gas supply pipes
35 58a and 58b connected to C,F, gas supply source and C,H, gas supply
source {not shown) respectively are provided with the mass flow



additibn, t he nunber of the gas supply holes provided in the I nsi de
peri pheral surface of the gas supply portion 6 is eight 35 and ei ght for

the CAF8 gas and the CJerr]H err] gas 2%spectively, nanely total 16.

30 Usi ng the plasma processing apparatus provided with the
deposition gas supply portion 5 shown in the equi pnment A through D, the
Ar gas was supplied to the plasma chanber 21 at a flow rate of 150
sccm the err]F[err gas and the Clerr]Herr] gas were supplied 5 from
t he deposi%IWF pEPSPEFLLvALE- Both (of tthe precedrPhY P Pes‘ctﬁ@rﬁ)er 22
at fl O}N radm 5% jl@nsqwtbamb %stﬁfﬁplyaﬁﬂﬁétsa@hf the domtagt?eg@os(‘)irdwuteﬂcy
over from uenc source was set_a e

EI as power® g thlﬂg'ecﬂﬁgﬁg:\a\e Br’- The &‘?ﬁe?‘é??ﬂ"é P&P%@ﬁfefrqﬁt@erand t he

CF film habra:tg:netze dffl root hwokpfpes 1884 Gind? 5[8? whﬂ?nﬂiréieﬁmmécﬂcbd)l‘td hg
f in t ' t t ve- nenti,one
\(,avanbg(r:ll %n ﬂ?e Sﬂ? 5% %S%Sgofﬁég %‘?o‘mﬂ‘ﬁ? %’f pf’%gtgﬁnfi f?rqﬁt E1“%1(r‘ﬁ?s""sztdepos| ted

was némisedcdnyfiskm:‘a’mton priche gutmhdmedtallyd Hylefitdcaavave Cdhe
The resul tg QOf the uniformty using the afore- 15 nmentioned 3
[err] met ho ase n {hése measurement results are shown in Fig. 19.

In addition, thelidihe equipmepta®d and €.Fithe mWrssisapply pipe r53&sullis
obt ai ned fé&iﬁé&‘l?e@%b IO'EBQt AnngnQpaad das suﬂpq%;p% MY 5 at the AS

shown _in the chart of % the uniform g t he 20 fllmthlckness of
the ed® priRBROHENA rPQ’stiﬁé &aésgtﬂﬁﬂyaﬂéﬁs"“t °‘b’é§§&n€'ﬁ‘ipﬁl efEabdiheent is
i mproved | dowtsfesdns eadwi o thBahass £16# dd}&mmmm Th beNePGrdrieRs,

ti I f ti ensur hat,, when
cach gas SipiSSs P GoRErollors orpriiin ARRRS: (1 {5 SRBHPES 4l (e
bl ow out 2bs o¥itetimelduby e lftrigdiyting th@wrﬁxeanogaﬂle@opphgc‘pbnglpnim:cswrres
f
And the urtt o gaR sHRETY Yifes iR the pngL LRERCHRR ipo1y JRRRMRT
Cand® is #mﬂh#ér exXapP L& dvohby ﬁhﬁaﬂuwyeﬂmf 3pe ’émﬁaménrr@cess gas

Here the otdese apdwdi MBNttmls b&&n@hésﬁﬁok’/aafésﬁf@@ided apparatus of the
present inventiaqn further descri beq. ct of the follow ng
enbodi ment is toAq gagh%qp&]ry portion of the equijpment is formed

based on the embodiment shown in Fig. 12. That is to say, two
gas chambers (not shown in Fig. 18D) is formed inside the gas
20 supply portion 5, and the upper gas chamber and the lower gas
chamber are used to supply the C/F, gas and the C,H, gas
respectively. Here a pair of gas supply pipes 58f and 58f
exclusively used for the C,F, gas are connected to the
ring-shaped gas supply portion at the opposite position 180 deg
25 apart, and a pair of gas supply pipes 58g and 58g exclusively
used for the C,H, gas are connected to the ring-shaped gas supply
portion at the opposite position 180 deg apart. Connecting
position of the gas supply pipe 58f exclusively used for the
C./F, gas in the gas supply portion 5 is displaced by 90 deg from
30 the connecting position of the gas supply pipe 58g exclusively
used for CH, gas. Each of the gas supply pipes 58f and 58g are
equipped with the mass flow controller 57 respectively. In
addition, the number of the gas supply holes provided in the
inside peripheral surface of the gas supply portion 6 is eight

35 and eight for the C,F, gas and the C,H, gas respectively, namely
total 16.



stability of the CF film and the main feature is to supply a 35 part of

t He deposition gas to the plasma chanber. In the plasm
processi ng apparatus shown in Fig. 20,3&

31 part of a plurality of gas nozzles 26 is assigned for plasm

gas supply and the remaining for the deposition gas supply. The

deposition gas source or the plasma gas source (not shown) is connect ed

to each gas nozzl e 26 according to its application. 5 The(ﬂ\as no zl e 26
can supply a par¥SER9 dhe;plashe Bfocessiggsapparatus Brovige

gerr] gasaaﬁdsiheoﬂgra@ssﬁppry pastseE!s stsown mqﬁ éd;ﬂprﬁérlt gamréugh ex anpl e
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resonance as thattbe ﬂiegalsovéumaﬁhmmyenmbmahasm

performance of t QV | oned ui I evel
isolation film c%ﬂgq:gi | Wé 'P:ﬁ{e]y e&ﬁ %ge%_m @h? gﬁﬁ%ﬁs de&’%tlt rgés W the
substrat e meaberedovestted Optd - %Obdeémammé@btlﬁreétuyy Thegmawavel ¢e. § not
shown) | nsipg m}%' £dsQit! 58 valéagfo t@{ A e62mdvy ugeAg! tie! §f&9@ned the
waf er Won surface exanpl e, um numwring is forned

carri etb i nmentiponedh30 method @@Eedmﬁi@fpsee measgnemmt FOGUBESARS PROWHe

sutscept ?r in ngr byoa gArdabind o¥, ntlﬁ?@daﬁdmnﬂ)B @0and D %Ln ﬁf?n 18f lél%wt he
gate valve |s clos e jnter i nterna
at m)sphere egﬁﬁﬁs sedolfgﬁﬁgﬁﬁ& °5‘xh equi%grpa% %g t§rachi &8 tRe

specified raspantmveiyure t he pl asna gas, for exanple, Ar gas is
I ntroduced at a 0 5 nd ot I El afr. for
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20 film thickness of the equipment having the gas supply means

based on this embodiment 1s improved in comparison with that
of the equipment A having the conventional configuration. In
other words, it was ensured that, when each gas supply pipe is
equipped with the mass flow controller, the blow-out

25 distribution from the deposition gas supply portion becomes
uniform, and the uniformlty of the CF film thickness is
improved.

And the uniformity of the CF f£ilm thickness deposited by
the equipment C and D is further improved than that by the

30 equipment B.

Here the other embodiment of the plasma processing
apparatus of the present invention is further described. Main
object of the following embodiment is to  improve thermal
stability of the CF £ilm, and the main feature is to supply a

35 part of the deposition gas to the plasma chamber.
In the plasma processing apparatus shown in Fig. 20, a



35 deioosition gas is introduced at a flowrate of 40 sccm both t hr ough
t he gas nozzles 26 to the plasma chanber 21. And the

32 Clerr]H err] gas, for exanpBk, the CJerr]Herr] gas is

i ntroduced fromthe process gas supply portion 5 to the processing
chanber 22 at a flow rate of 30 sccm The introduced gas

fl ows downward inside the plasma 5 chanber 21 by an exhaust action of the

exhaust pipe 28. _And rocess pressure i1n the vacuu essel 2 1is

i nt ai nGdBEFE 95,8 PLu S BReEhEREITR A0 1n as5iengd B8 afary and
1500 Wi s gas sayppliygdntothdeenadinénydordthy ddpodiitdonf gas sapplypoTiee Ssour ce
portion 45, and.the surface temperature of the susceptor i S at
Bo0L err ¢ aeBBS1E16n°4s A BIRE" fhe i ihne’ ARGTEGHERR sk RePRIER ) W
at 2. Abofthiectiad Y ERAY gasi mbzokki@édatcomiing to dlitsf applioaipower
source POr ki.Qn a%%:p e e \ lde 25
and thes)t rghgngééi%ﬁz%mfﬁdgéw , Sgl%gq'?hé ﬁéﬁ%%@%#&%@Sﬁl&#fpgc ?%g
downwar d asuchofsekbephe, 98y BNGh 35988 Applthal deposddion gpFasueghcadBinber 21
by the el eptgo nek} | d | lga@r y e negiyc coil .
By this i|gohae %ra‘sf%% ERampEd G S5231}’6 and, Sl rg:ag'fifgifdikx! P é! 'rrgé%znhcét i
field M) B8sikauthe PRPer Pante ingideathe oplaima (R ambgfetlcUPLEPHMY and
tlhe i crovmehwﬂanéoﬁﬁﬁe@g at'ﬁné f'tlﬁ)rﬁ‘ii@iﬁdﬁl_dhy&go&:h@notﬁéﬁhﬁaﬁﬁs mﬁn tE ?;%
pl asma (.S netajed,. and the plasma densit econmes maxi,mum, at e
bornt M. #iEetiBRIoERCtnd Raeie PrOBREsEER, plrtRETs Ghok gasrid- o

pl asma andanfeFigcr #ase of the plasma density. The generat ed
plasma flows fro ﬂ% . | 2 %FPE ' er 22
as the plasma flg%/lv.gﬁifl% 'S ti%%@?ﬁeﬂiddﬁlggr% erj? @&gls%%h%g\}gh%mrd
fromthe upgpsectige ds tmreducRdpdingide thre aMMIM ye: ¢ tard pthema. And

the (err] glierblradasmk hafldg’ 8bRErolled FXBRIERY 18 th it AfiBeS ! Sheby this
pl asma_duri ng Rasmgg t hrough the plasma to formthe active sgemes

(pl as . RAGSPReCREMPLE 21 1S P1GsTar &F ngenerAtRy iBYaPBJ1RFETREEIBY t he

pl asma fl owfttleése, anid py&smadensheysdHehssi plasmmbbeomed mainiueadt her
hand, the

Why the bfgE SeRifTe. U acR peldy FCHRags £ thEmondodty petueliches o
part) on tpdasmafchanbér 2lcandfthe MWeocedsiorgogbambexit2?. BBis BERPointm i s
deposi t ed ?& ﬁ\ggngla?‘%%eo{:héﬂ@ t‘i’x%oﬁéﬁtﬂﬂ{bnﬁaéondition is established.

20 And high density plasma is formed by the generation of resonance
in the Ar gas introduced by this plasma.

Now performance of the above-mentioned equipment in case
that inter-level isolation film consisting of the CF film is
formed on the wafer W, the substrate to be processed, is

25 described. Firstly a gate valve {(not shown) installed on the
side wall of the vacuum vessel 2 1s opened, the wafer W on which
surface, for example, aluminum wiring is formed is carried in
from a load lock chamber (not shown) and placed on the susceptor
4 by a carrying arm (not shown).

30 Then after the gate valve is closed to keep the interior
gas-tight, internal atmosphere is exhausted through an exhaust
pipe 28 to achieve the specified vacuum pressure, the plasma
gas, for example, Ar gas is introduced at a flow rate of 150
sccm and the CF, gas, for example, the C,F, gas among the

35 deposition gas 1s introduced at a flow rate of 40 sccm both
through the gas nozzles 26 to the plasma chamber 21. And the



and enbedded in the concave part along with the spatter etching

33 action to formthe inter-level isolation filmconsisting of the
CF film The Cerr]F[err] ga32introduced fromthe upper side of

t he ECR point Pe where the Clerr]F[err] gas is generated passes the ECR
point 5 Pe while flowing toward the wafer Wwith the plasma by the tine
when the deposition gas reaches the surface of the wafer W Therefore

t he C[err]F err] gas passes the ECR point Pe where the den5|ty
i s hi ghest SxHaf%y FOE SFARASethp &b 992 18/ B39 "é’rerqfﬁglg ti’(?rf’é 2¢85%  with

the pl asmaghs s¥piRYp62atsenis texigsotéosingenanbervirat d Flowheatd asm is
gener at ed t? EBe zone directly above the wafer W the (err]Ferr] gas
contacts WPEh>Ph8®fPasma for a long tine. Therefore, the conversion of
the (err] F[ err]ThesintkrodacedvgaspEdioas downiwalrds nim sdiidet e!)héaypldwnml asrra

::IszgT Igegl %ﬁ&pﬁggv\gﬂf%}l gggghggn%?%%%%%mheséﬁ%&éﬁ'#l%&tzg ‘I'm ac uaI |y
deposi t ed pyothssaghoessuemtinotbe vacuwy viessed: 2wes malndaiaed ak . tHOr hour s
at 423l er rhfangid, |8 Y6pd OB plas'VRLAROUL 23086 M/ Urld 3509 fropeved as

gas. Thus 1t s confirmed stabi [Tty 1S higher than
that of thaprpdledotmcihe shgceplorphdit the high frequency PRYSH HPYreee

thermal stgBikiby 45, 4 Q}&%dsﬁff&:é RiemperatiuteCOR SRR SR deptdE 2sidol | ons:
When t he err]Flerr] gas, a part of the deposition gas, is

suf fi ci@nt PetcakvaPP&d- into pl asnma state by the plasma as 25 nenti oned
above, C-C bondi of ti¢l dEHerbnaddnotisd hilgh Etequéﬂ:yr(nﬂiandmel)enw atare cut

ol coul o | fefengis Sa7of I 15 I TR EL O o hifh tradlstor buskE] o
carbon and sbtmcei poxtion 24 tocthephadsmyg chambey 2lhbhmough the weive goide
| NCreases. 3 @HCQPQO{}%%E&ES 585 ﬁ%ﬁ&&@ 230 Vﬁé'kﬂe%ﬁagx@ dfi\éi& ®ach

other on t pOSIte on the wafer hr ee- di nensi onal
net wor k3 st AkEegtdngrdewwardabefinmexample., 875685 1y aBPHERA (tockhei g.

21C). plasma Unﬁnweeatzlorwf thaeeneb\e@biﬁaghéﬁﬂé ueeili kg tdie treults
e e Ty e MMl NS R AL, SAECLES SlhhiicfpgE,
heated til Rla Ee(preatnie fieldy x Hal(lmagnetlmﬁéid)mdf ) is induced by
the interaction of the magnetic field Mf and the microwave Mw
20 to generate the electron cyclotron resonance, then the plasma
is generated, and the plasma density becomes maximum at the ECR
point Pe. This resonance results in the conversion from Ar gas
to a plasma and the increase of the plasma density.
The generated plasma flows £rom the plasma chamber 21 into
25 the processing chamber 22 as the plasma f£low. At this time, the
C.F, gas flows downward from the upper side of the ECR point
Pe passing through the plasma. And the C,F, gas is activated
(converted into plasma state) by this plasma during passing
through the plasma to form the active species {plasma). And the
30 C,H, gas forms the activated species by the plasma flow that
flows into the processing chamber 22. On the other hand, the
plasma ion, in this example, Ar ion, is pulled into the wafer
W by the bias voltage, and cuts off an edge of the pattern
(concave part) on the surface of the wafer W to increase width,
35 the CF film is deposited by the plasma of the deposition gas
and embedded in the concave part along with the spatter etching



34 ‘ tenperature, for exanple, till approximately 425[err]C, an
anount of the fluorine separated fromunstable species is small, and

di ssoci ated fluorine (fluorine surrouns®d by dashed lines in Fig. 21C
scarcely escapes fromthe network structure even if 5 a part of the CGF
bonding is dissociated by this heat. This is considered to inprove the
thermal stability of the CF film Now, this CF filmis conpared
with that forped by the .conventional plasna processi appar.at us.
Convent i on@FF§on $q form ttIWelBEﬁB’SJ-?Y%gSSEaF%@rﬁ%ﬁ%’éﬁngﬁié’fp%%%essi ng
chanber, tbep £#91mpl asma fl ow generated in the plasma chanber flows into the
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here, and the de %?@&engﬁ%sf?ér%aﬁﬁ/eei p%(?"\ 5 blpggﬁas'%de gf‘a?%é(t;g&?hi S.
Ther ef or e, polint Perwhefertte §38, gasnbs gesaerdted PERses the ECRPpointid t he
zone re t | ' | 0. zone
abovew'?%e \l/;\,/%]t@}gﬁ] ftﬁ%g&%%o?:%‘égs%&]n&h%ﬁ%%%? %Rhé@’ﬁségééﬁ?féf%ﬁ% H‘lnrrg during
whi ch ([ erwhPheth¢ depostbientigasiindrches the guzfagebefotbe wafierdérably
shorter thagel Eﬁr@%'ﬂ?”batsopasses the E@l@rﬁi‘?fter’ehﬂt?eg ¢hel pLgsma 9as is

not sufficient converté&d® I'n pl asma state, an his tnsufficiently
convert ed @Féﬁﬁ-]x-ll[i@r highest ; AndEingegthe sangyhexe the £iFHaq pophacts
di ssoci ati gataf thd§1Estial LE[Widd veRbase! £t extendsSHBbh hie Zohe! HRere

i nsuffjcient copversion (to pl.as state for, .exagpl e i ch a case
hat ol She BISERS £5 SHRRTRIRY Fo”tho “Hpne Aerri T s, thpckefef °o°
Clerr] Flerw], ghe c)Fyecgasdcontacps awirthsthee plasmpafoxhawnlomg Ftime22A) ,

the C- C bopgdi .S | i Y, rraerg | jisnear [ Fig.
sogy  C Pomlbebiel LR ARAN SR0Ee 0, e 1ACBOINN Bptotes LD
or the fluéplasmasstatelddywthe pliasmaatdEuifirlegtdopboneted, and shen at t he

end. HoveveherfhACSLABEL MY IVF tHe CRC£athi 4EpSPLELE DN thel #RERIEWOigbondi ng
with the carbon at the end is small, the nunber 30 of the non-bonding
act i velZpedP@EOVAdthe CF fil mincreases. Therefore when the CF filmis

heated till hi ghrhenperailhecactielly ddpgosirtiede bgathey absvapmentionedhe
unst abl e speci,es. And when the g-”C gondi n ﬁ]e C-.F Pondi@ g cut
of f to genERNBMERE fas qunealg foum twey %‘ﬁr%faq't Eés uBPANEL Wage g'éﬂar at ed
fluorine (fthatsrabeit3g$ ofuflunmicedidyenavhdds gaesThus Bitgraeonfiamedt
casily CONfhaed tne Wrlhid' NSréfaiidy" dU° AfghdS |thlRAM Lide! ReONEneayer
conventional equipment.
The reason why the thermal stability is improved like this
is considered to be as follows:
When the C,/F, gas, a part of the deposition gas, is
sufficiently converted into plasma state by the plasma as
25 mentioned above, C-C bonding and C-F bonding of the C,F, molecule
are cut off as shown in Fig. 21, and the dissociation of the
C,F, molecule increases (See Fig. 21A). Therefore, the activated
species of carbon and fluorine having non-bonding arm as shown
in Fig. 21B increases. In such condition, the carbon can easily
30 bond with each other on the CF £ilm deposited on the wafer W,
and three-dimensional network structure of the C-C bonding can
be easily formed (See Fig. 21C).
The creation of the network structure like this results
in the decrease of the number of the activated species in the
35 CF film, which becomes stronger than before. Therefore when the
CF £ilm is heated till a temperature higher than the deposition



35 ' Therefore, it is considered that the fluorine escapes nore
easily than this enbodinent, and the thermal stability is poor.

Now a test performed to verify the effggt of this enbodi nment is

descri bed. Using the plasnma processing apparatus 5 shown in Fig. 20, the Ar
gas, the Cerr]Flerr] gas and CJerr]H err] gas were supplied at flow
rates of 150 sccm 40 sccmand 30 sccm respectively, the high frequency
power was set at 2700 W and - the bias power at 1500 Wand the

deposi ti ontemppeattive e fur 4ga8mple] Gtill approxjostelyd2.f annameity a

thi ckness g gnd GildPaHL LHBaPELER £1dm LilstlB18! SpdcediRC8RRICOMNA ON as
t he above-nentione e I ment. The process_gas was supplied to the

pl asma chadbesociated Hlueninme(fduesing eHERPERISD bis AasheA Lingspi 2

S0 o o5 T A Bhpos e L0 e Foemenzne o o
, S Su cte 0 hea re eeping it

in nitrdged BERbGFhdhe QIF@{‘E‘}Qi s soiatsad g’,y &‘lﬂgqma%o%géﬁ Jo%\?m '?o

t he roogn Leaﬁgiaéﬁésf 6 Diprowd tHemhdrarad s‘égbfilityt berthé SFabilmty was

conpar e ased op a redu on, ratio r deaf e at

treatnent that i§°ﬁefﬁ£% §€ ﬁ]l( 8 colqplalrr%dv\gﬁﬁﬁt %Bg?o‘rfgr{qgétg{;rgg ment) -

(CF film ;Aebghbnaibnal helatsn20process iy @ppat@Eusi. | Gomesnttitonadflar,eahbat

t reat ment X 0. i I ' r&flididon tio

becones, tkgel ‘%)%‘?Slﬁonaﬁaégostsj%{@%&%é%gtgd H ngglsﬁéh%g%orres aérjl:(c)f %ﬁg hi gher

t he t ht0 maplasmasfabil gepepatodein the plasma chamber figys jmpto the

Suppl 1 o t B RS g e o T ey 1o e paper e
err err
to the prodddsrAyceddars. 39d the deP°Sitq°E‘%ﬁﬁ)Flé ‘i?“i"?]”:}'%ga’s‘bs 9 RYESPAe A
%[as a]ng : t h%t@%%ﬂ&:&i%r.efhe%eié%mJ 'rtnelhct.,qr8 tdas phnsot pasaTbhe ECR poadint he
err er gas . s.supplie t pr Lng ; :
Exanpl e 3 %%’aaegsthhépnPhghﬁFegggf é?grfﬁﬁﬁégtF gggﬁgggétﬁéaET%r%fH[err]
gas ar &5 suppisitrdctedtttetipe zonma alivarebthe Rafenrig the processigg ehapherve

exanple 1 | a | | ¢ nmb
21 and t ne CoPReERRRLyY; th Eulé, g uhIDR, %«??]93%5"3}%4%5*&%?5?23 to
2.

the proces®lagnehbesemegoconsideraly shegfex thag dhddn emhod

Therefore, the C,F, gas is not sufficiently converted into

plasma state, and this insufficiently converted C/F, gas is
20 acquired by the CF £ilm. If the dissociation of the C,F, molecule

is small due to the insufficient conversion (to plasma state),

for example in such a case that only one of the C-C bonding is

dissociated even if the C,F, gas converted into plasma state

(as shown in Fig. 223), the C-C bonding is likely to be arranged
25 as a linear chain (See Fig. 22B).

In this type of the linear chain structure, the carbon
or the fluorine is bonded with the carbon having non-bonding
arm at the end. However, since the number of the active species
capable of bonding with the carbon at the end is small, the number

30 of the non-bonding active species in the CF film increases.
Therefore when the CF £ilm is heated till high temperature, the
fluorine easily escapes from the unstable species. And when the
C-C bonding or the C-F bonding is cut off to generate solution

or separation of the fluorine, the separated fluorine (fluorine
35 surrounded by dashed lines in Fig. 22C) cannot easily confined
within the CF film dque to its linear chain one-layer structure.



36 Table 2 Gas

I nt roduci ng port Film Pl asma chanber
Deposition reducti on 35 chamber
ratio (% Exanmple 1 Ar and Cerr]Flerr] Cerr]Herr]

2.2 Exanpl e 2 Ar and Cerr]Herr] Cerr]Flerr]

3.5 Exanple 3 Ar (Jerr]JHerr] and C[err]F[err] -

1.8 Compar a- Ar errlF[err] and Cferr]Herr]
4.1 Therggore, it igxgﬁpsédereq that the fluonineespapes TaOFe 2,

when a pargagil %&ﬁ@ﬁis@mm@nﬁ | #hd Bhe a1l Qtaﬁflp{-ga @B%&J;@nber
(Exanple 1 and n%?‘ét he film reduction ratio becones | ower an that of

Conpar ati ve exa test tRerfeored | tongerddyr i thdefRactwedn Bhl®rt of
t he deposi éinbﬁdlmenﬂais ﬂésd:ﬂilli@dd”@@dnbotliehﬁlabﬂal"ﬁ%:o‘ﬂb‘ﬁﬁi@fg appaBapuat of

escape qu the th r% stability Is inproved. In
this 10 cH8gwn En Egarr%{}m lih 9% e @b Fed3§ I‘Ren‘ili(ll:jhr He%h ratio
of Exanpl estpptiedwart tfilow thatesf oExaspl escem, Ty efocm ahdweBd sccm

Pontt e b8Bbebtab81r S A0 EReGRLASY e Gadl AL 1Y P70 H7ung)

| east one © eposl tion gdas, I"asma C When al |
t he deposi therbiﬁssppwerratr mlooeﬂand tﬁedpbashaimhameraﬁurélai( BEob¥li nment

3), the f'kmﬁ% er aéé)?i’" Qiﬁﬁ’% %[91081:4&10]{1}?5{1%%8%2[[&& 85y gf&t" rmed

t hat |i I s nor duce osition gas Into the
pl asmel®hafBertRel simifar Pr°°ﬂ$t§s GQIFfi%th"r%n eﬁﬁocﬁh}ﬁsnﬁ OYQEI“QHW}*F‘F err]

gas (nis ambbameﬁt The pguaésgcgam whérﬁﬁfpﬁﬂéﬂ’lt& 1RO 1Asne SRambéL£ger

Gorr] Flerfl BEecheRrogeiem] iambed 47 ol ahePaghe rable o beloV s cr )
gas can be used, Thenl tﬂaew@{ferrgrd[\eirde]d gdsh(the S:Faﬁilmtvmbnequaboled to or
!{ﬁ;gerz) t gﬁgﬁéaseﬁ[ té@eqa errf er r%?bgil@éi?% ?’1%!? tfealg@eg{:d}L %r_‘ger
gas cald bekespingl ht aﬂddmmtcmgent atmomeblad: #85% 1y tidoehGlhest |afidrr] 25
gas anong &8g18&Rdsur itaNttie oo +Efpe e &m@@@&rgﬂ a%%sim&lex The Lhe
Jerr]F[ er“1 %gg to thel c{_élpom ti on chanber, namelg( t he processi ngtio
chanber 22thghmal; ghahility yasGomaned bagad Pmp f1He r@é‘b‘&éﬁj@i“oﬁa gas
into the pbeSfmeChﬁd‘mEEte?d theuheher tréatmexposmdai dst defipplyas [{(¢We
deposi ti Onfgilm vgreoig.tyh eb%'f%%geheaq:a'%b eatmen (th?efg.rh?lcv?esfér? after heat
20 treatment)}/(CF f£ilm weight before heat treatment)] x 100. In
this case, the lower the film reduction ratio becomes, the lower
an amount of escaped fluorine becomes and the higher the thermal
stability becomes.
In this test,
25 Example 1 is a case that the Ar gas and the C,F, gas are
supplied to the plasma chamber 21 and the C,H, gas is supplied
to the processing chamber 22;
Example 2 is a case that the Ar gas and the C,H, gas are
supplied to the plasma chamber 21 and the C,F, gas is supplied
30 to the processing chamber 22;
Example 3 is a case that the Ar gas, C,F, gas and the C,H,
gas are supplied to the plasma chamber 21; and
Comparative example 1 is a case that the Ar gas is supplied
to the plasma chamber 21 and the C,[F, gas and the C,H, gas are
35 supplied to the processing chamber 22.
The results are shown in Table 2.
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chanber by distributing the gas at a desired rate,

for exanpl e,

to supply 30 sccmof (Jerr]F[err] gas anong 40 sccmto the plasma chanber

21 and 10 sccmto the processing cha
above-nentioned the first through the sixth 5 enbodi nent,
that the ECR plasma processing

processi ng appar at us was

limted to t
processi ng

he ECR
appar at us

22.

In the

al t hough the case
apparatus is used as the plasnma

descri bed, plasma generation systemis not

That is to say,
as shown in Fig. 23.

it may be induction bonding plasma
In the induction bonding

plasma 10 processing apparatus showTablefi2g. 23, a plasma chamber 21B is

di vided by a sem -sphere€f

al ong an ext
connected to
An anode 74
processing c
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CabDl € Jds
17 and

a process gas Suppty portion.
Fi g.
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S
ier 72.
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5Si ng
ECR

pply

Fig. 10 apd Fig.

And—configuration

18 is applicable as a gas supply pipe

25 As shown rima(&iblieo2, whenna rpaduciofy ther teposibioBugd$ yi ng a

t:ﬂﬁ:f&cﬁﬁ% )
an | ntroduc
gas can beraéapta-enamt;iq heeames d-ozieny Haap dhags of Comparatdive

B e Baspe i ¢

yin

a part

of
ergam

?Qaﬁtﬂfe t0 Qnﬂfz)t h%h@frfhzo

t he process

n

deposi ti Onlprm&ﬂa ot ﬁd&c@ffihhéﬁ ithaSheila g€l tHd defosDesowl e to

pronot e conver

tate to_obtain

the CF fil #Pfa ? %i?rgrteq‘?ecﬁz J‘F[ %%%imeﬁ;néﬁt%ﬁﬁé EREARFEs gas

and a part £fhfiorhre is swlapbantd the ghermpla‘berballﬂy:ytheiﬁbeoﬂaa[ dmrthi;.;as (nis

ar gor K naads. yer Bhengle 1 U eribupatlf. f4 43R o0 %" por

| ar ger asma s 1n rodu0|ng port
75 i n afsExample riaﬁﬁelomr tthanc tballi ot Fxampder 2 btharafiqreriy. vas.

confirmed that it is preferable to introduce the CF, gas, at
least one of the deposition gas, to the plasma chamber 21. And
when all the deposition gas is introduced to the plasma chamber
21 (Embodiment 3),
Therefore it was confirmed that it is more preferable to
introduce all the deposition gas into the plasma chamber 21.

Thus,
equal to or larger than 1, and m is an integer equal to or larger

15 the film reduction ratio becomes 1.8%.

in this embodiment, the CJF, gas (n is an integer

than 2) such as CF, gas, CJF, gas, CJF, gas, CJF,, gas, C/F, gas
and C,F, gas can be used, and the C,\H, gas (k is an integer equal
to or larger than 1, or equal to 0, and s is an integer equal
to or larger than 2) such as H, gas, C,H, gas, C,H, gas and CH,
gas can be used. In addition, it is possible to supply the CH,
gas among the deposition gas to the plasma chamber 21 and supply
the C F, gas to the deposition chamber, namely the processing
chamber 22, and also it is possible to supply all the deposition
gas into the plasma chamber 21. Purther it is possible to supply
the deposition gas to the plasma chamber 21 and the processing



38 When this invention is applied to the induction bonding

pl asma processing apparatus as shown in Fig. 23, a sinmilar

effect is

obt ai ned. In addition, altho3ph a case that the deposition 5
processing is perforned by the plasma processi ng apparatus was

descri bed above, the plasma processing apparatus of this

i nventi on can

be applied to a case of etching processing for exanpl e, a case of
etching siljcon oxide filmusing CF type Vari ous éipes of
the embodi FRATPSFE mhfiésr-ﬁ%%m tner%aaetdemlﬁ@é Faker Lok e¥ym

tlhrough Fi go s?iﬁ);ﬂqr Barsca:wndflct;«-a gasl Smorey :4'03éé¢m m@sm@bﬁats]@ac?mirhwe t he
plrasma pr Oﬁﬁsaa th C‘HF qajus ess er ¥:ham oL 599 the features L

di scl osed

Amendnent under It ithee a’.bbve-meWHABan (ﬂh@ MELX$1S: throGghertted)sixth A

or aduci g SRpaLAefer UL ERe SaRd thanme BBR BIRaRS B e het Bl e

chanber, tapphrahus hésplmﬂa 3 oﬂhee@lasmah@qmlmmnghapnarams wasduced;

a pl asrra g
chambe

substrate
processi ng
wherel{bth

15

30

35

&ésék‘ﬂ?&& ?L énéi’ 1’.\ 3 WY s o fé%@iimi@%& r#) £nB! e

OVI I n“the processin
Tba‘plh‘e‘,é@ Séﬁd lt may é?epieéegtlgasbcmﬁémgjp Sna pmcw@ing

on vx?mch a

apparheas fay shuRg! i{ﬁ rrqur 9§85 §8s m@chém Bbﬁ@l&ﬁ§ dpgaﬁﬁ@ﬂber

rggésSi’BS gppr;e}%r%:%s shown :an rr"?.cg;?SSI n glgsmae rcliarrlncbelé 21B is
divided by a semi-sphere-shaped dome 70. An induction coil 71
is wound along an external surface of the dome70. The induction
coil 71 is connected to a high frequency power source 73 through
a rectifier 72. An anode 74 can be installed on the top of the
dome 70.

The processing chamber side of the induction bonding
plasma processing apparatus shown in Fig. 23 can be configured
according to the ECR plasma processing apparatus described so
far. Therefore in the induction bonding plasma processing
apparatus shown in Fig. 23, configuration of the aforementioned
ring-shaped process gas supply portion 5, 5A and 6 (Fig'. 2
through Fig. 6, FPig. 9, Fig. 10 and Fig. 12) is applicable as
a process gas supply portion. And configuration shown in Fig.
17 and Fig. 18 is applicable as a gas supply pipe arrangement.

In addition, an introducing port 75 for supplying a part
of the plasma gas can be installed on the top of the dome 70.

Furthermore, an introducing port 75 for supplying a part
of the process gas can be additionally installed on the top of
the dome 70. When deposition processing of the CF f£ilm is per
formed, it is possible to promote conversion of the CJF, gas
into plasma state to obtain the CF £ilm having high thermal
stability by introducing the plasma gas and a part of the
deposition gas, preferably the C.F, gas (n is an integer equal
to or larger than 1, and m is an integer equal to or larger than
2) to the plasma chamber 21B through this introducing port 75
in a similar manner as the embodiment described using Fig. 20.



a hollow ring body configured as a ring shape taking a normal |ine at
the center of a surface to be processed of the substrate placed on
the susceptor as a central axis, 38 he ring body having an inside

peri pheral surface with a plurality of process gas supply ports;

a buffer plate dividing an interior of the ring body into a first
chanber and a second chanber, and having a plurality of holes

comuni cating the first and the second chanbers, the first chanber
facing the procdienihig pprention is)gppligddto the induction Bendifd ty of

process gaflés’twwr@é@@éixfé)r&%‘éﬁtus as sHbvWiarseEyd ehampesinilaom ng to
supply a types of the process gas to t'he second chanber;

aljt
wherein ea% #é %}%\Eajs}'tﬁ?pl ports has an axis t hat diagonally
crosses a pl ane Imcladdiingonhe amﬁcamta case lihat othasalepdsitiicon

b I d h ded
The bl dsnebhroteetieg SReERortRe bthemigerd Brefsiathd AlParAtas ALl t he
process gadescpibed pabbvehathen plddmet procéssing appapatuessifngidwnber,
and & O CoiPEstl O Yarl e aBb1£8E L Oa LRESSE SUMng BROLESLINESHES 25 I
Anendment exeepley i@ cage 9f etchimgyy siMiconexide £ilmpusipoLRdypedasssi ng

appar at us accor dyayd duks Eyed of *Aﬂér&hﬁb@{héx{% %&“%hi%%ﬁ@eﬂ%i@fi‘%fﬁ the
gas supply_ports has a truncated_cone sha (Al d) The pl asna

pr oces¥! ngdeppatbed scefeFingh ot Eignyl OWWQI'&IF&I-% Zi‘ FB §arwn%%|1rF t he
gxes O}‘ thfsgmtsmantw @Usiﬁ.tﬂreosﬁo eashfﬂgﬂmeé aiﬁea AQEnia Oproddss fpi ti 03
eing | ocated on a norna e surface t e prqcesse

of {he supsepataris BuRtoRetfE Bpvdaing, the HaatiEeh A Re S AR FACKI ot ance
apart in ad:iawjanglon fromthe surface to be processed toward the plasm
chanber.



5. (Amended) The pl asma processi ng apparatus according to claimd4,
wherein the angle between the axis of each of the gas supply ports and the
pl ane including the surface to be proc¥ssed of the substrate is-15 to 65

(deg.), and the distance fromthe surface to be proceqﬁgghetet tge osi tion
where the axes of the gas supply ports cross each ot herypy 22 O BCD .
6. (Anmended) The pl asna processi ng appar at us accoj ' # il 1N 4,
wherein the angl e between the axis of each of the gas d the

pl ane i ncl WaRRLR | to be processed of the substrate is 30 to 45
(deg.), and the distance fromthe surface to be processed to the position

where the axes o e gas suppl orts._cr .is 5to 10 .
7. _(Amandeg) A ﬁ'ﬂ%s'%?a%‘?%p S@Rarggégrggﬁgrg%%g ding to any (()][TTT)
cl ai s ﬁ to 3, \anlep:Basma hehamtiexr dforeprhdufinpgeagpdasmppl y ports does not
cross the norma i e f th
CUbstrale prare SRR iEaAeE clhubifedltd s el Srapgsaico! (he
pr ocessi ngwhpehrttiaiplasmerpirodncesl Anythmelesmal chamber dg ntrpdverds an
out et end of eagh1glnkf\gaddft2HBRLYNG Helahs' fod 27RL8Muding iR pPERE Of 2

pl asma em ssion z
Amendrent ga8eintettlee cobasma chambefigncel | ed)  10. (Anended) The

pl asma processi ng ARRFPADISaPE4RG6d 18 tRe PrvdBsbingheligilver henpwhitelss gas
pi pes are connected to, wth |nterv% wi_t.h raspec to a circunferenti al
di rection Bf SHRETFRRG ERdpe RTPISRS ﬁ'& 6’3@3‘/‘,6 and™herein each of the

process gas Suppay pirogessi gy ointiecdwsing améanss domt ridie dprocessing
chamber including a plurality of process gas introducing ports

for supplying process gas into the processing chamber;
wherein each of the gas introducing ports has an axis that

diagonally crosses a plane including a surface of the substrate
to be processed that is placed on the susceptor at a crossing
angle.

2. The plasma processing apparatus according to claim 1,
wherein each of the process gas introducing ports has an outlet
end facing the processing chamber, and wherein a cross-
sectional area of each of the gas introducing ports increases
as it approaches of an outlet end thereof.

3. The plasma processing apparatus according to claim 2,
wherein an internal space of each of the gas introducing ports
has a truncated cone shape.

4. The plasma processing apparatus according to any one of
claims 1 to 3, wherein the axes of the gas supply ports cross
each other at a position, the position being located on a normal
line at a center of the surface to be processed of the substrate
placed on the susceptor, and the position being a distance apart
in a direction from the surface to be processed toward the plasma
chamber.
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11. (Ahended) The pl asma processi ng apparatus according to any one of

clrains 1 to 3 further conprising process gas suppl ¥.

chanber for supplying the process gas 4® the plasna i
|
|ﬁ
L

20 Bras Hn BliGocR! BSTTR
I'n the
process gas supplied to the plasma chanber by the pi m#ﬂ Fly means
| asma
b

for the plasma chanber is converted to an active sp
chanber. 12. (Anended) The pl asna processing apparatus according to
claim11l, wherein the process gas supplied to the plasm chanber t he

process ga®-suppihe g Qraqes sings aARPanatber apaerdieg storeckipoki tion as

the procesghépsis ¢BRldiflld Bet PR tREASSI NG CRIKSK tRY Jadiel PELCOSSLKRS
supply nmeans for the processin h 13. ( Anended) The_pl asnma

chanber .
processi ngp%ﬁ%r%%sthfcmenégf’&u 1ng the suypfacs tor he processed Rt
S:Jpp| i edht?rhbé heuts esdtee fcifamtmrtd)ysst t(a_eg_r,qqefagdgashsuppl y means for tlh_e ;
asma chanber s a different conpositio rom t.he process SR led to
ltOhe processi ng gﬂ?ﬁm SWCE%(;}{)%&% %‘i?pptr%/ %aﬁ??ﬁﬁsﬁﬁgmpr@g%ssi ng
chanmber. pdditicdwwheee)the axélscofithenmegpardess ggs dmiaodicd ngcports ng to
claim11, X\pgégi%&peoﬁ;é)%%ss !ﬂq:% sltépﬁamnid to the plasma chanber by the

process gaS Supply means for the plas Ranber is a CJerr]F[err] gas (nis
an integer equal to or larger than 1, and mis an integer equal to or

larger thag 2). rhe pilasma Erocessing a‘Fﬁaratus according to clafiepdnent
under article 34 15. (Amended) e gl asma processi ng appar at us

accor di ng ¥hexein Hheanglepefyeendhs) aximo fhe gasatatrRdyeing ECR
pl asma pr opeses Ngn@ Pt Plehe Aaadangg"eme ssdiFaceipel Yenprotesosavesrt o t he

pl asma chaﬂger d, nreans, fo enerat i gneéi c field in the plasm
chanber, ahg® substrgte, is oge%rﬂj%r‘f (é]:n?%hqgagn upply port of the process gas
the distance from the surface to be processed to the
position where the axes of the respective gas introducing ports
cross each other is 5 to 10 (mm).

7. The plasma processing apparatus according to any one of
claims 1 to 3, wherein the axls of each of the gas introducing
ports does not cross a normal line at a center of a surface to
be processed of the substrate placed on the susceptor,

8. The plasma processing apparatus according to any one of
claims 1 to 3, wherein the outlet end of each of the gas
introducing ports is located at an exterior of a plasma emission
zone.

9. The plasma processing apparatus according to any one of
claims 1 to 3, wherein the process gas introducing means for
the processing chamber comprises a hollow ring body having an
inside peripheral surface, the body having a ring shape taking
a normal line at the center of the substrate to be processed
placed on the susceptor as a central axis,

wherein a process gas passage for passing the process gas
is formed inside the ring body, the process gas passage
circumferentially extending along the ring body, and

wherein the process gas passage of the ring body is
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introdhcing means for the plasma chanber is |ocated at- a side opposite from

t he processing chanber with respect to a zone wthi .tﬁp Iq% C %gber
where an el ectron cyclotron resonance gpndition can 2 - 1 16.
(Amended) The pl asnma processi ng apparatus accor di EI: ! ﬂ f clains
1 to 3, wherein the gas supply ports of the process ' I s for

t he processi ng chanber include a first gas supply port and a second gas
supply port located at a position |ower than the first gas suppl ort, the
first and seepedtedstagash ofokhe ansd AptapAusied RFEhand RREBFsiRRe from
a normel | vRE fhsPasepiripdrsl SRR .10 be processed of the substrate

pl aced on the susceptor to an outlet end of the first gas supply port is

| arger than that fromthe normal |line to the outlet end of the first gas
supply portg.andrhe pla¥figl proc@sSNesi dpFatd e tacairdiiny e CEESing s
supplied t rog h the fiis as supply port is greater than that of the
process gasY ‘ﬁﬁ?i%‘d‘“’t”ﬁ M'the second gas supply port. 17. (Cancel | ed)
18. (Anended) a A Ipirssiniet yo bficgss iing rodiicd d gcpags age s ggonnectedpswith

pl aci ng a Q d_o ar . cessing
Chanber; - athCervaLE, gl S Y8 LR CAR o d13R8E o o8 £A8°C2C1 1D
produce a prosesaghsapassagel, pbdheprecrs paasmassageohitbeainopbodyis
substrate whih the first and the second pl asns, wherein specific
gravity of the first process gas is greater than that of the second process
gas, and a suppl $ flow rate controller provided in eachgof the gas
Anendrent 4ndebdacih§l pasdages. position of the first process gas is |ocated
hi gher than that of the second process gas.

11. The plasma processing apparatus according to any one of
claims 1 to 3, further comprising the process gas introducing
means for the plasma chamber for supplying the process gas to
the plasma chamber,

wherein the process gas supplied to the plasma chamber
by the process gas introducing means for the plasma chamber is
converted to an active species in the plasma chamber.

12. The plasma processing apparatus according to claim 11,
wherein the process gas supplied to the plasma chamber by the
process gas introducing means for the plasma chamber has the
same composition as the process gas supplied to the processing
chamber by the process gas introducing means for the processing
chamber.

13. The plasma processing apparatus according to claim 11,
wherein the process gas supplied to the plasma chamber by the
process gas introducing means for the plasma chamber has a
different composition from that of the process gas supplied to
the processing chamber by the process gas introducing means for
the processing chamber.

14. The plasma processing apparatus according to claim 11,
wherein the process gas supplied to the plasma chamber by the
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19. (C:amcel | ed) 20. (Cancel |l ed) 21. (New) The plasma processing
apparatus according to Caim 18, wherein the first ms@gégﬁasggegki a

Clerr]F[err] gas (n is an integer equaHk2to or |arger]|B _ , 4s an
i nteger equal to or larger than 2), and the second p %”Hﬂg" a

Cerr]Herr] gas (k is an integer equal to or |arger ual to O,
and s is an integer equal to or l|larger than 2). 22. (New) The plasma
processi ng apparatus conpriSing: a plasma_chanber for producing

pl asma;  Procgs$ R datfpducimgeoneans fox de Blasna shahe A8nBf-Fand i nt o
whi ch the ghayipipaadisesydeyiial RlcdsHaaggaiitian 5, aRdmWiEGRdinteger Pl asm

gas supply _neans for_s |l ying the plasma gas into the plasma chanber;

a suscept quB?SVFﬁeﬁriﬁgf%%rpﬁb%bs@p'ng chanber, on which the substrate is
to be placed; and a process gas supply neans for the processing
chanber haygng L r rocess  gas.suppl rt an econd proce gas
supply por#’f or a%%%pﬁ%ﬁ%ba th%é) "S%S?‘é‘gsgggérgﬁ‘t‘% ?%cgora%%%% i ﬁgagﬂa er,
wher ei n t heheretesthgapkagmd yprecessing appapaioresisngnclBElbeplasnd udes;

a holl ow rj | [al [ line at
t he centerbggcggg%?ggééﬁ%gtg% g‘?’é’?é‘s‘?ggg HOERE %‘%gtsh%g’ps}gg'g rlg%gg{?) Aced on

t he suscepiBtodhezpéagpaghapbier and meanshEoy gegebatynaamaanstde fielde
peripheral jU£haCE1M6mA chamber, i al ity of process gas supply ports; and

afirst process 98ses gg@%@gﬁ% 2nd & 358R%E PLOGR3 introaudiiy S6RRLY P! P

Amrendnent ofdetie piridcels® gds introducinghméeahs fdre thenglda6ly champegviged

therein wi chgtLhr§£ a side opposite from the processing chamber with
respect to a zone within the plasma chamber where an electron
cyclotron resonance condition can be established.

16. The plasma processing apparatus according to any one of
claims 1 to 3, wherein the gas introducing ports of the process
gas introducing means for the processing chamber include a first
gas introducing port and a second gas introducing port located
at a position lower than the first gas introducing port, the
first and second gas introducing ports being arranged so that
the distance from a normal line at a center of a surface to be
processed of the substrate to be placed on the susceptor to an
outlet end of the first gas introducing port is larger than that
from the normal line to the outlet end of the first gas
introducing port, and

wherein a specific gravity of the process gas supplied
through the first gas introducing port is greater than that of
the process gas supplied through the second gas introducing
port.

17. The plasma processing apparatus according to claim 16,
wherein the process gas introducing means for the processing
chamber comprises a hollow ring body having an inside peripheral
surface, the body having a ring shape taking a normal line at
the center of the substrate to be processed placed on the
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process gas passage through which gas supplied by the first—process gas

supply pi pe can pass and a second process gas pas Q&gﬂgh mhlch gas
suppl i ed by the second process gas supfpBy pi pe can m °nR

& ein the
first and second process gas passages are separated rfnﬂHﬂHlH er to
prevent the gas from noving therebetween, the first S

comuni cated with the first process gas passage and opens into the I nsi de
eri pheral surface of the rin dy, and the second gas supply,port is
Eom‘runl cat SHSGPPHOT hé”‘%e@orﬁ?"’ﬁ%’:@ées%xjg%s §g§s£j§iﬁnﬁgﬁiﬁﬂs Tht 6BFﬁ@ei nsi de
peri pher al penipheeradfsurfade Ngchoning avdinst a ddheictiionesE thef nbhmapr ocess
gas supply gorts has the axis diagonally crossing the plane including the
surface to bec processed of the substrate placed on the susceptor at a
crossi ng angl e. wherein the first and the second process gas passages are

provided inside the ring body and extends clrcumferentially
along the ring body, and the first and the second process gas
passages are separated each other so as to prevent the gas from
passing from one passage to another,

the first gas introducing port is connected to the first
process gas passage, and has an opening in the inside peripheral
surface of the ring body,

the second gas introducing port is connected to the second
process gas passage, and has an opening in the inside peripheral
surface of the ring body.

18. A plasma processing method comprising the steps of:
placing a substrate to be processed on the susceptor
arranged in a processing chamber:;
supplying a process gas from a plurality of positions to
a surface to be processed of the substrate in directions
diagonally crossing a plane including the surface; and
jonizing the process gas to produce a plasma, and
performing a process on the substrate by the plasma.

19. The method according to claim 18, wherein the process to
be performed on the substrate by a plasma processing apparatus

is a deposition process.

20. The method according to claim 18, wherein the process to
be performed on the substrate by a plasma processing apparatus

is an etching process.
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