"PLASMA TREATMENT METHOD . AND APPARATUS" The present invention relates to
a plagga treatgent nethod by whi.ch sybstrates such as sen1conductoF:vpﬂ rs
are etghed or Sput t er ed under 5 pl asma at nosphere. It also relates t
plasna treatnment apparatus for the -sanme. Recently, sem conductor devices
areypoge and nore highly integrated and Fhelplasna treatnment is therefore
asked. to have a finer workability in their making 10 course. In order
to achi eve such a finer workability, the process chanber nmust be

deconpressed to a greater exgruva PREARMERINE WETHE j@P:Ushl gher and
the treatnment nust have a hi gher select|V|ty I'n the case he

conventional plasna treafhenjressntotaventisy afelatés to ki Plalskaquency
vol t age becones higher as output is nmade |arger, and ion energy, therefore,
becomes stronger th&featoeRt. netihods by which Aubstaates 4aln s susceptibl e
to damage, accordln%e‘ cggéégggﬁ wagers are etched or sputtered under
5 plasma atmosphere. It also relates to a plasma
treatmsntlhpparatua for the same.

Recently, semiconductor devices are more and more
highly integrated and the plasma treatment is therefore
asked to have & finexr workability in their making

10  course. In order to achieve such a finer workability,
the process chamber must be decompressed to a greater
extent, plasma denaity must be kept higher and the
treatment must have a higher selsctivity. In the case
of the conventional plasma treatment methods, however,

15 high frequency voltage becomes higher as output 4s made
larger, and ion energy, therefore, hecomeslstroﬁger
than needed. The semiconductor wafer beccmes
susceptible to damage, accordingly. Purther, the
process chamber is kept about 250 mTorr in the case of

20 the conventional methods and when tha degree of vacuum
in the process chamber is made higher (or the internal
pressure in the chamber is mada smaller), plasma cannot
be kept stable and its density cannot be made high.

When gases are made plasma, the action of ions in

25 the plasma becomes different, depending upon
frequencies of high frequency power. 1In short, ion

energy and plasma density can be controlled
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gases. However, ions ({loaded paiticles) easily run
from plasma to the wafer at & frequency band, but it
becomes difficult for them to xun from the plasma
sheath to the wafer at another frequency band {or
transit frequency zone). The so-called follow-up of
ions becomes unstable.,

Particularly molecular gases change their
digsociation, depending upon various conditions (such
as kinds of gas, flow rate, high fregquency power
applying conditions and internal pressure and
tamperatura.in the process chamber), and the follow-up
of ions in the plasma sheath changes in response to
this changing dissociation. Further, the follow-up of
ions at the transit frequency sone also depends upon
their volume (or mass). Particularly in the case of
molecular gases used in etching and CVD, the
dissociation of gas molecules progresses to an extent
greater than needed when electron temperature becomes
high with a little increase of high frequency power,
and the behavior of ions in the plasma sheath changes
accordingly. Plasma properties such as fon cuxrrent
density become thus unstable and the plasma treatment
becomes uneven, thereby causing the productivity to be
lowered.

¥hen the frequency of high frequency power is only



“sheath to the wafer at another frequency band (or transit .frequency zone).
The so-called foll owup of ions becones unstable. Particularly nolecul ar
gasgs change their 10 di ssoci ati on, dependi ng upon various conditions
(such as kinds of gas, flow rate high frequency power applying conditions
and ‘internal pressure and tenperature in=th® process chanber), and the

fol Row-up of ions in the pl-asma sheath changes in response to 15 this
changi ng di ssociation. Further, the foIIom#up of ions at the transit

frequency zone als RER hdraahb in
the case of nnlecuﬁggﬁggs S ﬁ£g£b|n gtcélng aﬁ&ﬂ%@@@% Eg d|5500|a398§ of

gas nol ecul es progres gas nbléduXed Pro gi@ssgagﬁ@a.&ﬁr eikBent e EREn
el ectron tenperature becones high with a little increase of high frequency

power, and the behaeededof I’onts i theziedopi adesi sthix thabatiye spleammar di ngl y.
Plasma properties  felty isfafsed aot to depend upon vhether the
5 frequency is high or low.
An object of the present invention is therefore to
provide plasma treatwent method and apparatus capable
of controlling both of the dissociation of gas
molecules and the follow-up of ions and also capable of
10 promoting the incidence of ions onto a subsatrate to be
treated.
Another object of the present invention is to
provide plasma treatment method and apparatus capable
of raising the plasma density with smaller high
15 frequency power not %o damage the substrate to be
treated, ’
According to the present invention, there can be
provided a plasma treatment method of plasma~treating a
subatrate to be treated under decompressed atmosphere
20 comprising exhausting a process chambexr; mounting the
substrate on a lower electrode; supplying plasma
generating gas to the substrate on the lower electrode
through an upper electrode; applying high frequency
power having a first frequency £;, lower than the lower
25 limit of ion transit frequencies characteristic of

process gas, to the lower electrode; and applying high
frequency power having a second frequency, higher than



density become thus unstable and the plasna treatnment 25 becomes uneven,
thereby causing the productivity to be |owered. Wen the frequency of high
freguency power is only -3- made high to increase plasm density, the

di ssoci ati on of gas nol ecul es progresses to the extent greater than needed.
It is therefore desirable that the pIasna‘déﬁsFty I's raised not to depend
upoﬁ%mhether the 5 frequency is high or low. An object of the present
invention is therefore to provide plasma treatnent nethod and apparat us

capabl e of control | ithe bppér ofinite ofi $6ACEAMASIL Frefdanabescul es and the
ol  ow-up of ions and al so capable of 10 pronoting the incidence of ions
onto a substrate tocharacteristic of process gas, to the upper electrode,
whereby a plasma generates in the process chamber and
activated species influence the substrate to be
5 treated.

it is preferable that the first frequency £, is
gset lower than 5 MHz, more preferably in a range of
100 kHz - 1 MHz, It is also preferable that the second
frequency £, is set higher than 10 MHz, more preferably

10 in a range of 10 MHz - 100 MHz.

Righ frequency power having the frequency lower
than the lower limit of ion transit frequencies is
applied to the lower electrode. Therefore, the follow-
up of ions becomes more excellent and ions can be more

15 efficiently accelerated with a smaller power. In
addition, both of ion and electron currents chahge more
smoathly. Furthex, the follow-up of ions does not
depend upon kinds of ion. The plaéma treatment can be
thus made mores stable even when the degree in the

20 process chamber and the rate of gases mixed change. On
the other hand, high frequency power having the
fnequency'highe: than the upper limit of ion transit
frequencies is applied to the upper electrode.
Therefore, ions can be left free from frequencies of

25 their transit frequency zone to thereby enable more

stable plasma to be generated.

Ion transit frequency zones of process gases used



treated. Another object of the present invention is to provide plasm
treatnent nmet hod and apparatus capable of raising the plasmdensity with
smalyd er high 15 frequency power not to damage the substrate to be
treated. According to the present invention, there can be provided a plasm
treat nent nethod of plasma-treating a substrat& to be treated under
decanpressed at nosphere 20 conpri sing exhausting a process chanber;
nounting the substrate on a | ower el ectrode; supplying plasna generating

gas to the substrat @yothahplisme trebepdnodn itheopgbcess Lph asect r ode;
appl yi ng hi gh frequenci power having a first frequency [err] lower than the
| ower 25 limt etchéng; rSWdiandf spyttexing, ofamaking isemicopdupgtoress
T ont t 1 ecuenee! b HaRAFes e alnost 411%n the rangs of 'L Mz - 10 g,
Impedances including such capacitive components
s that the impedance realative tcd high freguency power
becomes smaller than several kQ and that the impedance
relative to relatively low frequency power becomes
larger than several Q are arxanged in series between
the uppexr electrode and its matching circuit and
10 between them and the ground. Current is thus made
easier to flow to raise the plasma density and icn
control.
This invention can be more fully understood from
the following detailed description when taken in
15 .conjunction with the accompanying drawings, in which:
FIG. 1 is a block diagram showing the plasha
etching apparatus according to an embodiment of the
present invention;
PIG. 2 iz a flow chart showing the plasma etching
20 method according tc an embodiment of the present
invention;
PIG. 3 showe a waveform of frequency applied to an
upper (or second) electxode;
FIG. 4 shows a waveform of frequency applied to a
25 lower (or first) electrods (or suscepter);
FIG. 5 is a graph showing transit fregquency zones

of various gases;



-4- the upper limt of 'ion transit frequencies characteristic of process
gas, to the upper electrode, whereby a plasna generates in the process
chanber and activated species influence the substrate to be 5 treat ed.
It "s preferable that the first frequency [err] is set |ower than 5 Mz,
nore preferably in a range of 100 kHz - L Mgiz.~It is also preferable that
t hezsecond frequency [err] is set higher than 10 MHz, nore preferably 10
in a range of 10 MHz - 100 MHz. Hi gh frequency power having the frequency
| ower than the lower limt of ion transit frequencies is apg%ied to the

| ower el ectrode. Theref &8 Fhis 3 |Rigek Ghagrap showiagoibe REPE™Rxcel | ent
and ions can be morg by, JBLLEEESH ddbcIAIRGCEE! Sibtidy ABSHBRARL JPVET -

I'n
the present invention)

PIG. 7 is a block diagram showing the plasma
5 etching apparatus according to a further embodiment of
the present invention; '

FIG. 8 is a block diagram showing the plasma
etching apparatus according to a still further
embadiment of the present invention;

10 FI1G. 9 is a vertically-sectioned view showing a
housing and a ring member of the plasma etching
apparatus;

~ FIG. 10 is a vertically-sectioned view showing the
ring member being cleaned;

1§ FIG. 11 iz a vertically-sectioned view showing the
ring member being cleaneds '

FIG. 12 is a perspective view showing an upper
showar electrode and a semiconductor wafer dismantled;

FIG. 13 is a block diagram showing the plasma

20 etching apparatus according to a still further
embodiment of the present invention;

FIG. 14 is a vertically-sectioned view showing the
plasma etching apparatus when the suscepter is lowered;

PIG. 15 is a vertically-sectioned view showing the

25 plasma etching apparatus when the suscepter is lifted;

PIG. 16 is a partly-sectioned view showing a wafer

carry-in and -out gate and a baffle member;

L r A
R



addi tion, both of ion and electron currents change nore snoothly. Further,
the followup of ions does not depend upon kinds of ion.
treatment can be thus made nore stable even when the degree in the 20
On t he ot her hand,

hi gh frequency power having the frequency-hifgher than the upper linmit of
ion transit frequencies is applied to the upper el ectrode.
can be left free fromfrequencies of 25 their transit frequency zone to
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FIG. 18 is a block diagram showing the plasma

5 etching apparatus according to a still further

embodiment of the present invention;

FIG. 19 is a perspective view showing a cover for

the upper shower electrode;

FIG. 20 is a perspective view showing another

10 covar foxr the upper showar electrode;

PIG. 21 is a vertically-sectioned view showing the

cover for the upper shower electroda;

FI1G. 22 is a plan view showing the cover for the

upper shower electrxode;

15 PIG. 23 shows how the cover is attached to the

upper shower elactrode;

]

GIG. 24 shows how the cover is detached from the

upper shower electrode;

FPIG. 25 is a sectional view showing the cover

20 being cleaned;

PIG. 26 is a sectional view showing a further

covex;

FIG. 27 is a sactional visw showing a still

further cover;

25 FIG. 28 is a secticnal view showing a still

further cover;

FIG. 29 is a block diagram showing a magnetzon



| npedances i ncl udi ng such capacitive conponents 5 that the inpedance
relative to high frequency power becones snaller then several k[err] and
that the inpedance relative to relatively |ow frequency power becones

| arger than several [err] are arranged in series between the upper

el ectrode and its matching circuit and 16 8 between them and the ground.
Current is thus nade easier to flowto raise the plasma density and ion
control. This invention can be nore fully understood fromthe follow ng

detai |l ed descriptio H‘\%F‘P 1 i cQnj h.th orrpanyi ng
draw ngs, in whi ch:B |s§'§ngB%€”‘ ua’g?%m“@ oW g% LLI gs:?rﬁa et chi ng

appar at us accordi ng %ﬁbfgtémmodlnEnt of the present |nvent|on FIG 2 is a
flow chart show ng ? plasna et ching 20 met hod according to an

enbodi ment of the presertIG.NA@nis08; perspective view showing a baffle
member arranged on the side of the suscepter;
5 PIG. 31 is a vertically-sactioned viaew showing a
hole formed in the baffle member;
PIG. 32 is a vertically~sectioned view showing
another hole formed in the another baffle member;
FIG. 33 shows plasma generated in the conventional
10 apparatus;
FIG. 34 is intendad to explain the relation of the
process chamber to magnetic field generated by a
permanent magnet;
PIG. 35 is a block diagram showing the plasma
15 etching apparatus according to a still further
embodiment of the present invention; '
FIG. 36 is a block diagram showing the inside of a
vaporizer;
FIG. 37 is a sectional view showing another
20 vaporiger;
PIG. 38 is a sectional view showing a further
vaporizer;
PIG. 39 is a perspective view showing a still
further vaporiier;
25 FIG. 40 is a sectional view showing a pipe in
which plural kinds of gas are mixed;
PIG. 41 1s a block diagram showing a plasma CVD



FIG 3 shows a waveform of frequency applied to an upper (or 'second)

el ectrode; FIG 4 shows a waveform of frequency applied to a 25 | ower
(or first) electrode (or suscepter); FIG 5 is a graph showing transit
frequency zones of various gases; FIG 6 is a block diagram show ng the
pl asma et chi ng apparatus according to anot her =enbodi ment of the pr esent

i nvention; FIG 7 is a block diagramshowi ng the plasma 5 et chi ng
apparatus according to a further enbodi ment of the present invention; FIG

C ) i e FEpSERt OISR TS n  etadics v according Lo o

FIG., 42 is a sectional view showing the inside of
the conventional vaporiser; and’ '

FIG. 43 is a graph showing the change of gas flow

5 rate at the initial atage of gas supply.

Some embodiments of the present invention will be
described with reference to the accompanying drawings.
Referring to FIGY. 1 through 5, a first embodiment will
be described.

10 A process chamber 2 of an etching treatment
apparatus 1 1s assembled by alumite-processed aluminium
plates. It is earthed and a suscepter 5 insulated by
an insulating plate 3 is arranged in it. The suscepter
5 is supportad by itas bottom through the insulating

15 plate 3 and a support 4. ’

A coolant chamber 6 is formed in the suscepter
gupport 4. It is communicated with a coolant supply
supply (not shown) through inlet and outlet pipes 7 and
8 and coolant such as ligquid nitrogen is circulated

20 between it and the coolant supply supply.

An internal passage $ 1s formed in a suscepter
asserbly which comprises the insulating plate 3, the
support 4, the suscepter 5 and an electrostatic chuck
11, and heat exchanger gas such as helium gas is

25 supplied from a gas supply supply (not shown) to the
underside of a wafer W through it.

The top center portion of the suscepter 5 is



10 FIG 9 is a vertically-sectioned view showing a housing and a-
ring menber of the plasma etching apparatus; FIG 10 is a
vertjcally-sectioned view showi ng the ring nenber being cl eaned; 15

FIG 11 is a vertically-sectioned view show ng the ring nenber being
cleaned FIG 12 is a perspective view showi 8§ an upper shower el ectrode and
a sem conductor wafer dismantled; FIG 13 is a block di agram showi ng the

pl asma 20 et ching apparatus according to a still further enbodi nent of

the present inventi ggélﬂﬁmythg 14 bt dlels - ?@'\%ﬂ# gg_g‘df}‘égwiéh%gg t he

pl asma et chi ng apparatus when the suscepter 1S
vertically-secti onedsViike weafey Wy L#omaiinted Rhathe Srélled) paRRabAta® When

the suscepter is lifted;, FIG 16 is a partly-secti,oned view showi ng a wafer
~carry-in and -out gthe susteptiexf fl.c Awvdwluctive 'layer 12 of the
electrostatic chuck 11 is sandwiched between two
5 sheets of high molecular polyimide film. It is
' connected to a 1.5 XV DC high voltage power supply 13
arranged outside the process chamber 2.
A focus riig 14 is arranged on the top of the
suscepter 5 along the outer rim thereof, enclosing the
10 . wafer W. It is made of insulating material not to draw
reactive ions.
An upper electrode 21 is opposed to the top of the
suscepter assembly. Its electrode plate 24 is made of
S1C or amorphous carbon and its support member 25 is
15 made by an alumite-process aluminium plate. Its
underside is separated from the wafer W on the '’
suscepter assembly by about 15 -~ 20 mm, It is
supported by the top of the process chamber 2 through
an insulating member 22. A plurality of apertures 23
20 are formed in its underside.
A gas inlet 26 is foxrmed in the center of the
support 25 and a gas inlet pipe 27 is connected to it.
A gas supply pipe 28 is comnected to the gas inlet pipe
27. The gas supply pipe 28 ia divided into three which
25 are communicated with process gas supply sources 33, 36

and 37, respectively. The first one is communicated

with the CP, gas supply source 35 through a valve 29



-7- FIG 17 is a partly-sectioned view showi ng the wafer carry-in and -out
gate and another baffle nenber; FIG 18 is a bl ock diagram show ng the

pl aspa 5 et ching apparatus according to a still further enbodi nent of
the present invention; FIG 19 is a perspective view show ng a cover for

t he upper shower electrode, FIG 20 is a=-peldpeetive view show ng anot her
10 '+ cover for the upper shower .electrode; FIG 21 is a
vertically-sectioned view show ng the cover for the upper shower el ectrode;

FIG 22 0s a plan vigy &l $1b0°c1re¥ 327° HRPUecthd She *hEEL "G
02 gas supply supply 36 through a valve 30 and a mass
flow controller 33. The third bﬁé with the N, gas
sepply supply 37 through valve 31 and a mass flcow

5 controller 34.

An exhaust pipe 41 is connected to the bottom of
the process chamber 2. An exhaust pipe 44 is also
connected to the hottom of an adjaceat load lock
chamber 43. Both of them are communicated with a

10 common exhaust mechanism 45 which is provided with
a turbo molecular pump and the like. The load lock
chamber 43 is connected to the proceas chamber 2
through a gate valve 42. A carrier arm mechanism 46 is
arranged in the load lock chamber 43 to carxry the
15 wafers W one by one between the process chamber 2 and
the load lock chamber 43, '
A high frequency power applier means for
generating plasma in the process chamber 2 will be
described.

20 A first oscillator 51 serves to cscillate high
frequency signai having a freguency of 800 kHz. A
circuit extending from the oscillator S1 to the lower
electrode (or suscepter) 5 includes a phase controller
52, an amplifier 53, 2 matching unit 5S4, a switch SW,

25 and a feeder rod 55. The amplifier 53 is an RF
generator and the matching unit 54 includes a decoupling

capacitor. The switch SW; is connected to the feeder



15 FIG 23 shows how the cover is attached to the upper shower
el ectrode; GG 24 shows how the cover is detached fromthe upper shower

elegtrode; FIG 25 is a sectional view show ng the cover 20 bei ng
cleaned; FIG 26 is a sectional view show ng a further cover; FIG 27 is a
sectional view showing a still further covk?; 25 FIG 28 is a
sectional view showng a still further cover; FIG 29 is a block diagram
showi ng a nagnetron pl asma etching apparatus in which plasma is being
generat ed; rod 55. A capacitance 56 is arranged on an earthed

circuit of the feeder rod 55. The phase controller 52
houses a bypass circuit (not showh) and a changeovexr
switch (not shown) therein to enatle signal to be sent

5 from the first oscillator S1 to the amplifier 53
through the bypass circuit. High fregquency signal
oscillated is applied to the suscepter 5 through the
phase controllexr 52, the amplifier 53, the matching
unit 54 and feeder zod 55. |

10 On the other hand, a second oscillatox 61 serves
to oscillate high frequeacy signal having a frequency
of 27 MHz. A circuit extending from the o¢scillator 61
to the upper {or shower) electrode 21 includes an
amplitude modulator 62, an amplifier 63, a matching

15 unit 64, a switch SW; and a feeder rod 65. The °*
amplitude modulator 62 is connected to & signal ‘circuit
of the second oscillator 61 and also to that of the
first oscillator 51, It houses a bypass circuit (not
shown) and a changecver switeh (not shown) in it te

20 enable signal to be sent fxom it to the amplifier 63
through the bypass circult. The amplifier 63 is an RF
generator and the matching unit 62 includes a
decoupling capacitor. fThe switch SW, is connected to
the feeder rod 65. A capacitance 66 and an inductance

25 . 87 are arranged on an qarthed circuit of the feader rod
65. High frequency sign#l oscillated is applied to the
upper electrode 21 through the amplitude modulator 62,



FIG 30 is a perspective view showing a baffle nenber arranged on the side

of the suscepter; S FIG 31 is a vertically-sectioned view show ng
a hole fornmed in the baffle nmenmber; FIG 32 is a vertically-sectioned view

showi ng another hole fornmed in the another baffle nenber; FIG 33 shows

pl asma generated in the conventional 10 - 3pperatus; FIG 34 is intended

to explain the relation of the process chanber to nagnetic field generated

by a permanent magnet; FIG 35 is a bl ock diagram show ng the plasma 15

oLl 19 2P at us a6t et e (blehy I G b ad o

FIG 37 is a sectiopsd eg_ewa@MWQKﬁﬂl hawﬁﬁo@héeﬁequency of
800 kH3 can also be applied, as modulated wave, to the
amplitude modulator 62.

5 The reason why the earthed circuit of the feeder
zrod 35 includes no inductance resides in that the
electrostatic chuck 11, the gas passage 9, the coolant
chamber 6, lifter pins (not shown) and the like are
included in the lower electxode signal transmission

10 circuit, that the feedexr rxod 55 itself is long, and
that the suscepter 5 itself has large inductance
accordingly.

The amplifiers 51 and 64 axe arranged
independantly of the other. Therefore, voltages

15 applied to the upper electrode 21 and the suscepter §
can be changed independently of the other. '

Referring go PIG. 2, it will be described how
siljcon oxide f£ilm (8iO,) on the silicon wafer W is
plasma~-etched.

20 Both of the load lock chamber 43 and the process
chambexr 2 are exhausted to substantially same internal
pressure. The gate valve 42 is opened and the wafexr W
is carried from the load lock chamber 43 into the
process chamber 2 (step S51). The gate valve 42 is

25 closed and the process chamber 2 is further exhausted
to set its internal pressure in & range of 10 -

250 mTorr (step S2).



FIG 38 is a sectional view showing a further vaporizer; FIG 39 is a

perspective view showng a still further vaporizer; 25 FIG 40 is
a sectional view showing a pipe in which plural kinds of gas are m xed;
FIG 41 is a block diagram showi ng a plasma CVD -9- apparatus provided

with the vaporizer; FIG 42 is a sectional ¥#ew Showi ng the inside of the
conventional vaporiser; and FIG 43 is a graph show ng the change of gas
flow 5 rate at the initial stage of gas supply. Sonme enbodi nents of the

present invention will bReleaseédosh Wk 30°hes Sifinds) WAE BESOMMETY) N

dr awi ngs.
gases are introduced into the process chamber 2. ‘Their

flow rates are controlled and théy are mixed at a
predetermined rate. The (CPyg + Op) mixed gases are
L supplied to the wafer W through apertures 23 of the

upper shower electrode 21 (step S3). When the internal
pressure in the chamber 2 becames stable at about 1Pa,
high frequency voltages are appl;ed tc the upper and
lower electrodes 21 and 5 to generate plasma between

10 them.

Prequencies of high frequency power applied to the
upper and lower electrodes 21 and 5 to generate plasma
are controlled as follows (step S4).

The switches SW; and SW, are opened to diaconnect

15 (OFF) the capacitance 56 from the feeder rod 55 and the
capacitance 66 and the inductance 67 from the feeder
rod 65. When the oscillators 61, 51, the amplitude
modulator 62 and the amplifiers 63, 53 are made
operative under this state, high frequency power having

20 a certain waveform f{z applied to the upper electrode
21. High frequenc¢y power having a frequency same as or
higher than the highexr one of upper ion transit
frequencies characteristic of CF, and 0y gases is
applied to the upper electrode 21. High frequency

25 power having a waveform shown in FIG. 3, for example,
is applied to the upper electrode 21. Plasma is thus

generated.



Referring to FIGS. 1 through 5, a first ‘enbodinment will be described. 10
A process chanmber 2 of an etching treatnent apparatus 1 is assenbl ed by
alum te-processed alum niumplates. It is earthed and a suscepter 5

insul ated by an insulating plate 3 is arranged in it. The suscepter 5 is
supported by its bottomthrough the insulat$ng 15 plate 3 and a support
4. A cool ant chanber 6 is fornmed in the suscepter support 4. It is

comuni cated with a cool ant supply supply (not shown) through inlet and

outlet pipes 7 and 8 a I asy dlquid nitr i Lrcul ated 20
between it and the coo:agtlnt%ggupp efs%&ggfy!’i%%m%f%éé@n?saforrred
in a suacepter assqEladnVIheOESRIRY RPPLLEE td)THbALbRe Ml rddal §opgupPOrt

4, the suscepter 5 and an electrostati ¢ chuck 11, and heat exchanger® gas

such as hel i um gasthe d¥eillatop@l.cd BighnEreqencyupower tgying @not shown)
to the
frequency same as or lower than the lower ocne of ion

s transit frequencies characteristic of CFy and 0, gases
is applied to the lower electrode 5. High frequency
power having & waveform shown in PIG. 4, for example,
is applied to the lower electrode. Ions in plasma are
thus accelerated and drawn to the wafer W, passing

10 through the plasma sheath, to thereby act on the
wvafer W.

The high fregquency by which plasma is generated
has the waveform shown in FIG. 3 in this case.
Therefore, the dissociation of gases introduced inte

15 the process chambar 3 is not advanced to an extent
greater than needed. In addition, the freqnency’of
800 kHz by which ions in plasma are accelerated and
drawn to the wafer W can be controlled in phase by the
phase controller 52, Ions ¢an be thus drawn to the

20 wafer W before the dissociation of gases progresses to
the extent greater than nesded. When ions most
suitable for etching are generated, therefore, they ¢an
be made incident onto the wafer W. When they are
caused to act on the wafer W while caoling it,

25 therefore, anisotropic etching having a high aspect
rate can be realized.

The phase control of the high frequency powez
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| ayer 12 of the electrostatic chuck 11 is sandw ched between two 5
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be based on a state under which the dissociation of
gases doe§ not progress to the'aétent.greater than
needed or a state under which the dissociation of gases
progresses to the final stage, they are then combined
again aﬁd become radicals suitable for etching.

Purther, it may be arranged that a dummy wafer DW
is used and that the treatment is carried out while
confirming the extent to wﬁich the phase of the high
froguency 800 kHz is shifted. The timing at which the
phase of the high frequency 800 kHz is shifted may be
previously set in this case, depending upon kinds of
process gases, etching, coating and the like.

¥hen the end point of anisotropic etching is
detected (step S5), exhaust, process gas intrcducing
and plasma control steps 86, £7 and 88 are succéssively
carried out to isotropically etch film on the wafer W.
The exhaust step 56 is substantially same as the above.-
described one §2. At the process gas introducing step
87, C4Fg, CHP3, Ar and CO gasas, for example, different
frxom those at the above-described step 83, are supplied
to the process chamber 2.

At the plasma control step 88, plasma is
controlled substantially as seen at the above-described
step S4. Whan the end point of isctropic etching is
detacted (step 89), the applying of the high fregquency
power is stopped and the process chamber 2 is exhausted



. suscepter assenbly. Its electrode plate 24 is made of SiC or anorphous
carbon and its support nenber 25 is 15 made by an al um te-process

alum niumplate. Its underside is separated fromthe wafer Won the
suscepter assenbly by about 15 - 20 mm It is supported by the top of the
process chanmber 2 through an insulating menbér 22. A plurality of apertures
23 20 are formed in its underside. Agas inlet 26 is fornmed in the
center of the support 25 and a gas inlet pipe 27 is connected to it. A gas

supply pipe 28 is mﬁ;&ﬁ%%&%ﬁn' hs Pidts 3¢ (gme%%ﬁo;s.ur)m pi pe

28 is divided into three are Conuni cat ed process gas

supply sources 35, @étenrvalyeé, 42ehpagieonedl xnd Ttive Watelk WNes i Caieal Ereat ed
with the [err] gas supply source 35 through a vakve 29
the process chamber 2 into the’ load lock chamber 43

(step Sil).
5 Refexrring to FIG. 5, the plasma control steps S4
and S8 will be described in more detail.

FIG. 5 is a graph showing ion transit frequency
zones characteristic of three kinds of gases A, 8 and
C, in which frequencies are plotted on the vertical

10 axis. An ion transit frequency zone Az of gas A extends
from an upper end Au to a lower end Al, an ion transit
frequency zone Bz of gas B from an upper end Bu to a
lower end Bl, and an {on transit fregquency zone Cz of
gas C from an upper end Cu to a lower end cl. CHF3 or

15 CO gas is cited as gas A. Ax gas is cited as gas B.
Cry, C4Pg or Oy gas is cited as gas C. At least one or
more gases selected from the group consisting of CFy,
C4Fg: CHF3, Ar, O and CO gases are used as process
gas. In éhort, process gas may be one of them or one

20 of mixed gases (CH3+Ar+0s), (CHP3+CO+03}, (C4Fg+Ar+0y),
(C4Pg+CO+Ar+0,) and (CF4+CHF3).

When nixed gases of A, B and C are used as process
gas, the high frequency power applied to the upper
@lectrode has a fraquency higher than the highest one

25 Bu of upper ion transit frequencies Au, Bu and Cu and
the high frequency power applied to the lower clectrode

has a frequency lower than the lowest one Cl of lower



and a mass flow controller 32. The second one - with the [err] gas supply
supply 36 through a valve 30 and a nmass flow controller 33. The third bne
with the [err] gas supply supply 37 through valve 31 and a mass flow 5
controller 34. An exhaust pipe 41 is conneqted to the bottom of the process
chanber 2. An exhaust pipe 44 is al so conné®ted to the bottom of an
adj.acent | oad | ock chanber 43. Both of themare communicated with a 10
comon exhaust mechani sm 45 which is provided with a turbo nol ecul ar punp

and the like. The kggoetsiddtC #2886ndiod A1GOBNCEALLE,0 t he process chamber
2 through a gate valve 42. A carrier armmechanism46 is arranged in the

| oad | ock chanber 43 t cAresther eheching treatmeatsmétlmt dopdantedecisiben t he
~ process chanber 2 and the |oad | ock chanber 43. A high frequency power

appl i er neans for §bRctkRavVem deessibed ptching, Sxea MPPATatHS| 1 WHWal
be described

S The switches SW, and SW, axe closed or turned on
to connect the signal transmigsion circuits to their
earthed circuits. High freguency signal (frequency:
800 kHz) is amplified directly by the amplifier 53,
bypassing the phase controller 52, and applied to the

10 suscepter 5 through the matching unit 54. On the other
hand, high frequency signal (frequancy: 27 MHz) is
amplified directly by the amplifiexr 63, bypassing the
amplitude madulator 62, and applied to the upper
electrode 21 via the matching unit 64 and the feeder

15 rod 65. ‘ '

Conventionally, the matching unit arranged on the
side of the suscaepter ia matched relative to the high
frequency of 800 kHz but it bascomes high in impedance
relative to the high frequency of 27 MHz applied from

20 the upper electrode, thereby making it difficult for
the high freguency applied from the upper electrode to
flow to the suscepteyxy, Plasma is thug scattered, so
that the plasma density decreases.

In the apparatus 1}, however, the capacitance 56 is

25 arranged between the feeder rod and the ground. A DC
resonance circuit can be thus formed relative to the

high frequency applied frqm the upper electrode. Wwhen



described. 20 A first oscillator 51 serves to oscillate high
frequency signal having a frequency of 800 kHz. A circuit extending from
the oscillator 51 to the | ower electrode (or suscepter) 5 includes a phase
controller 52, an anplifier 53, a matching unit 54, a switch SW25 and
a feeder rod 55. The anplifier 53 is an‘RFlﬁenErator and the matching unit
54 includes a decoupling capacitor. The switch [err] is connected to the

f eeder - 12 rod 55. A capacitance 56 is arranged on an earthed circuit

Shown) and 3 changom e tger D8 I RpaRL RioR b i 8818 RUBT erdsdattihy | 10"
sent 5 from ttme idonstantcdt laidisteibirbed onstahtl eLrodit, '
theraefore, composite inpedanca'c;n be made smaller than
several I to theroby make it easy for the high
5 frequency applied from the upper electrode to flow to
tha suscepter 5. Therefore, current density can ba
zaised and plaaﬁa density thus attained can also be
raised. |
On the other hand, the capacitance §6 and the
10 inductance 67 are attached %o the feeder rod 65
arxanged on the side of the upper electrode 21.
Therefore, a DC resonance circuit is also provided
relativa to the high frequency of 800 kHz, thereby
making it easy for the high frequency 800 kHz applied
15 to the side of the suscepter 5 to flow to the upper
electrode 21. The incidence of icns in plasma onto the
wafer W is promoted accordingly.
aAlthough high frequency power having the frequency
27 Mz has bheen applied to the upper electrode 21 and
20 high frequency power having the frequency B00 kHz to
the lower electrode 5 in the above-described
embodiment, other fLrequencies may be set, depending
upon kinds of process gas..
It is desirable that high frequency power applied
25 to the lower electrode 5 has a frequency lower than the

inherent lower ion transit frequency or lower than

1 MHz and that high frequency powexr applied to the



. through the bypass circuit. H gh frequency signal oscillated in applied to
the suscepter 5 through the phase controller 52, the anplifier 53, the

mat ching unit 54 and feeder rod 55. 10 On the other hands, a
second oscillator 61 serves to oscillate hlah frequency signal having a
frequency of 27 MHz. A circuit extending f 8m the oscillator 61 to the
upper (or shower) electrode 21 includes an anplitude nodul ator 62, an
anplifier 63, a matching 15 unit 64, a switch [err] and a feeder rod

65. The anplitude npghdeidllectzols r}masctaeg ?%‘?}g"s%‘??a%wiﬂ t he

second oscillator 61 and also to t at of tor It houses

a bypass circuit (ntaheientn npped ﬂomfwmﬁ.te!rﬁqﬁéﬁé’y @1Oohigherntnad it to
20 enabl e signal to be sent fromit to the anplifier 63°through the

bypass circuit. Thel%triﬁiﬂ-f i #hep3se AxgangRdgcionatare otet bEfiuiently unit
64 includes a decougcce N eﬁcv&tﬂ aThe ert ﬁE\g egr;;qdeiccyoggsg;egn& Othe
5 follow-up of ions in the plasma sheath to bias
| fregquencies becomes stable even when the rate of gases
mixed and the degrese of vacuum in the process chamber
are a little changed. Therafore, ions can be made
incident onto the wafer without scattering in the

10 plasma sheath, thersby enabling a finer work to be
achieved at high spead.

Accoxding to the present invention, the follow-up
of iong 1ls more excellent due to the high freguency
power applied to he firgt electrods and they can be

15 more efficiantly accelexated with a amaller power. In
addition, plasma itself can be kept stable. A more
stable treatment can be thus realized even when the
degree of vacuum in the prooess chamber and the rate of
gases mixed change.

20 Purther, when the dissociation is controlled not
to progress to the axtent greater than needed and the
phase of the high fraguency power applied to the first
electrode is also controiled, ions or radicals needed
for the treatment can be created at a desired timing

25 and they can be made incident onto the wafer.
Anisotropic etching treatment having & high aspect rate
can be—thus attained. In addition, damage applied to



the feeder rod 65. A capacitance 66 and an inductance 25 67 are
arranged on an earthed circuit of the feeder rod 65. Hi gh frequency signal
oscillated is applied to the upper electrode 21 through the anplitude

nodul at or 62, 13 - the anplifier 63, the matching unit 64 and the feeder
rod 65. Hi gh frequency signal having the'fr@ﬁuehcy of 800 KHZ can al so be
applied, as nodul ated wave, to the anplitude nodul ator 62. 5 The

reason why the earthed circuit of the feeder rod 55 includes no inductance
Chanber 6 111ter min et by oequopd: | PE-da%. PRARAAE ShmectR CRELar
el ectrode signal trizsnmadeshdghl@ithout relsingtéind nigh fregwendypohri tsel f
's long, and and its frequency, and ion control can be made easier.
A second embodiment will be described referring to
5 FIG. 6. Same components as those in the above-
described first embodiment will be mentioned only when
needed.
An etching treatment apparatus 100 has, as high
frequency power applier means, two high frequency power
10 supplies 141, 151 and a tranaformer 142. The primarxy
side of the transformer 142 i3 connected to the first
power supply 141 and then eaxrthed. Its secondary side
is connected to both of the upper and lower electrodes
21 and 105. A first low pass filter 144 is arranged
18 between the secondary side and the upper electrode 21
and a second low pass filter 145 between the secondary
side and the lower electrode 105. The first power
supply 14l serves to apply high frequency power having
the relatively low frequency such as 380 XHz to the
20 electrodes 105 and 21. When silicon oxide (3i04) film
is to be etched, it ig optimum that a frequency f; of
high frequency power applied from the first power
supply 141 is 380 kHs and when polysilicon (poly-8i)
£ilm is to be etched, it is preferably in a range of
25 10 kHz -~ 5 MHz.
The transformer 142 has a controller 143, by which

the powsr of the first power supply 141 is distributed



that the suscepter 5 itself has |arge inductance accordingly.. The
anplifiers 51 and 64 are arranged i ndependently of the other. Therefore,

vol tages 15 applied to the upper electrode 21 and the suscepter 5 can be
changed i ndependently of the other. Referring to FIG 2, it will be
described how silicon oxide film[err] oh t4%e Silicon wafer Wis

pl asma- et ched. 20 Bot h. of the | oad | ock chanber 43 and the process
chanber 2 are exhausted to substantially sane internal pressure. The gate

val ve 42 is openedtansoticeleditRoddlsi $05 anid 24 AEOM (4l back, chagber 43

into the process chanber 2 (step SlI). The gate valve ™42 is 25 cl osed and
the process chanbeexémple/ AGONEofefhlligkarbet A0S0W ¢ars Benlappliedptesenge i n

a range of 10 - 252u2££§£945¥3%pa§§)600w to the upée: electxode 21. 1In
addition, high frequency poweras whose phaséa are
5 shifted from each other by 180" are applied to the
suscepter 105 and the upper electrode 21.
The second power supply 151 serves to apply high
freguency power having the high freguency such as
13.56, for example, to the upper electrode 2i. It is

10 connected to the upper electrode 21 via a capacitor 152
and then earthed., This plasma genezatihg circuit is
called P mode one. It is optimum that a frequency £;
of high frequency power applied from it is 13.56 MHz,
preferably in a rangs of 10 - 100 MHz.

1§ It will be described how silicon oxide film' ({5i05)
on the silicon wafer W is etched by the above-described
etching apparatus 100,

The wafer W is mounted on the suscepter 105 and
sucked and held there by the electrostatic chuck 11.

20 The process chamber 102 is exhausteld while introducing
'CPy gas into it. AaAfter its internal pressure reaches
about 10mTorz, high frequency power of 13.56 MHz is
applied from the second power supply 151 to the upper
electrode 21 to make CF; gas into plasma and dissociate

25 gas molecules between the upper electrode 21 and the
suscepter 105. On the other hand, high freguency power
of 380 kHz is applied from the first power supply 141



- 14 - The-valves 29 and 30 are opened, and [err] and [err] gases are

I ntroduced into the process chanber

they are m xed at
5 supplied to

el ectrode 21 (step S3).

| ower el ectrodes 2
Frequenci es of hig
el ectrodes 21 and

The switches [err]
capacitance 56 fro

10

is

20

28

the wafer w through apertures 23 of the upper shower

1 and 5 to generate plasnma between 10 t hem

$or GG Bk B Dol s Faeshare rhoet 1830 ofiR e, <)
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moleaules are thus drawn to the suscepter 105, thereby
enabling silicon oxide £ilm on the wafer to be etched.

The generating and keeping of plasma itself are
attained in this case by the high frequency power
having a higher frequency and applied from the second
power supply 151. Stable and high density plasma can
be thug created. In addition, activated species in
this plasma are controllsd by the high frequency power
of 380 kHz applied to the upper and lower electrodes 21
and 105, Therefore, & moxre highly selective etching
can be applied to the wafer W. Ions cannot follow up
to the high frequency power which has the frequency of
13,56 MHz and by which plasma is generated. Eveh when
the cutput of the power asupply 151 is made larg; to
generate high density plasma, however, the wafers W
cannot be damaged.

The first and second low pass filters 144 and 145
arae arranged on the secondary circuit of the
transformer 142. This prevents the high frequency
power having the fregquency of 13.56 MHz and applied
from the second powar supply 151 from entering into the
gsecondary circuit of the tranaformer 142. Therefore,
the high frequeacy power having the frequency of
13.56 MHz does not interfere with the one having the

frequency of 380 kHz, thereby making plasma stable.

2. Their flow rates are controlled and
a predetermned rate. The [err] + [err] m xed gases are

Wien the internal [@3essure in the chanber 2 becones
stabl e at about 1Pa, high frequency voltages are applied to the upper and



capaci tance 66 and the inductance 67 fromthe feeder rod 65. Wen the
oscillators 61, 51, the anplitude nodul ator 62 and the anplifiers 63, 53
are made operative under this state, high frequency power having 20 a
certain waveformis applied to the upper el ectrode 21. Hi gh frequency power
having a frequency sane as or higher thamr t @& h+gher one of upper ion
transit frequencies characteristic of [err] and [err] gases is applied to

t he upper electrode 21. Hi gh frequency 25 power having a wavef orm shown

thus. generat ed. - BhoRpia HABEEEnts dels pdr BEbe SEGYe B2 Rue 1 e 4 ¢
wavef or m i s appl i edgl Pedsi® 160VBRACLES! T QARNBEN Kikh Wiquledt pSera oh
frequency power having a .
have been continucusly applied’ to the electrodes in the
above case, modulation power which beccmes strong and
[ weak periodically may be applied to the electﬁodes 21
and 105.

A third apparatus 200 will be described with
reference to FIG. 7. Same components as those in the
above-described first and second embodiments will be

10 mentioned only when needed.

A high frequency power circuit of this apparatus
200 is diffevent from that of the second embodiment in
tho following points: A suscepter 205 of the apparatus
200 is not earthed; no low pass filter is arranged on

15 the secondaxy circuit of & tranaformer 275; and a
second transformer 282 is arranged on the circuit of a
second power supply 281.

The second poinr supply 281 serves to generate

high frequency power of 3 MHz. It is connected to the

20 primary side of the transformer 282, whose seccndary
side are connected to upper and lower electrodes 21 and
205. A controller 293 which controls the distribution
of power is also attached to the secondary side of the
transformer 282.

25 It will be described how the etching treatment is
carried out by the apparatus 200.

High-frequency powers of 3 MHz whose phases are



frequency same as or lower than the | ower one of ion 5 tran5|t
frequencies characteristic of [err] and [err] gases is applied to t he Iomer
el ectrode 5. High frequency power having a waveform shown in FIG 4, for
exanple, is applied to the |ower electrode. lons in plasnma are thus
accelerated and drawn to the wafer W pass2fig <0 t hrough the pl asma
sheath, to thereby act on the wafer W The hi gh frequency by which pl asna

i s generated has the waveform shown in FIG. 3 in this case. Therefore, the

di ssociation of g r.oduced ,i nt @e rocess. chapber S not
advanced to an extéhéiﬁégé?ﬁy FRs 3@ chY *% R*i?% d%ﬁhcy of
800 kHz by which | u@b@ r e d ¥n fer W
can be controlled §n§ﬁ9”§%g§% égﬁ?ééﬁﬁ Eﬁloﬁégggﬂﬁgﬁathus
drawn to the 20 e]lﬁfﬁcdél Raf o6 egdrieratiespiasmd lmwfangaﬁeﬁ. pragnrégses to

the extent greater than needed. Wen ions nost
same time, high frequency powers of 380 kHz whose
S phases are shiftad from each other by 180°' are applied
from a power supply 274 to them. Ions in plasma
genarated axe thus accelerated to anter into the wafer

w.

Furthexr, the £wo high fféquency powexr supplies 274

10 and 281 in the third apparatus are arranged
independently of the other. In short, they are of the
power split type. Therefoxre, they do not interfere
with each other, thereby enabling a more stabls etching
treatment to be realized.

15 Furthermore, high frequency powers are supplied
from tha two powar supplies 274 and 281 to bcth#of
upper and lower electrcdes 21 and 205, respectively.
The flow of current can be thus concentrated on a
narrow area betwaen the upper 21 and the lower

20 electrode 205. As the result, a high density plasma
can be generatad and the efficienéy of controlling ions
in plasma can be raised.

A fourth embodiment will be described, referring
to PIGS. 8 through 12. Same components as those in the

25 above-described embodiments will be mentioned only when
needed. |

As shown in FIG. 8, an etching apparatus 300 has



suitable for etching are generated, therefore, they can be nade incident
onto the wafer W Wen they are caused to act on the wafer Wwhil e cooling
it, 25 t herefore, anisotropic etching having a high aspect rate can be
reali zed. The phase control of the high frequency power (frequency: 800
kHz) applied to the | ower el ectrode may be ba8ed-on a state under which the
di ssoci ati on of gases does not progress to the xtent greater than needed
or a state under which the dissociation of gases 5 progresses to the

L0 5t 05, L0 S8 dIRtERiTeS ANRRboRTAs SO RS- S |
the treatment is caréndithedU30gh) | § <189 {{Sdntiedtba! fo & Lidle Phase
of the han wall of the process chamber 302 by hinges 304,
Temperature adjuster means such as a heater 306 is
5 arranged in a suscepter 305 to adjust the treated face
of a treated substrate W to a desired temperature. The
heater 306 is made, for example, by inserting a
conductive resistance heating unit such as tungsten
into an insulating sintered body made of aluminium
10 nitride. Current is supplied to this resistant heating
unit through a filter 310 to control the temperature of
the wafer ¥ in such a way that the treated face of the
wafer W is raised to a predetermined temperature.
A high frequency power supply 319 is connected to
15 the suscepter 305 through a blocking capacitor 318.
When the wafer W is to be etched, the high freébency
powar of 13.56 MHxz is applied from the power supply 319
to the suscepter 30S§.
The suscepter 305 is aupported by a shaft 321 of a
20 lifter mechaniam 320. When the shaft 321 of the lifter
wechanism 320 is extendead and retreated,; the suscepter
305 is moved up and down. A bellows 322 is attached %o
the lower end of the suscepter 305 not to leak gases in
the process chamber 302 outside.
25 Reaction products deposit in the process chamber
302. A ring 325 is freely detachably attached to the

outer circumference of the suscepter 305. It is made



10 frequency 800 kHz is shifted. The tim ng at which the phase of the-
hi gh frequency 800 kHz is shifted may be previousliy set in this case,
dependi ng upon ki nds of process gases, etching, coating and the |like. Wen
the end point of anisotropic etching is 15 detected (step S5), exhaust,
process gas introducing and plasm contrel 2teps 86, 67 and 88 are
successively carried out to isotropically etch filmon the wafer W The
exhaust step S6 in substantially sanme as the above- descri bed one S2. At

th I nt t S7, d_CO

for Eiiﬁﬁfi,gﬁff%QP%%?”c' ¢ e%ﬁ%ﬂ?ﬁ%%ﬁ&%@ o B8 are
l'ied h I

Control | ed subst nFSrTyoa oasaseié), " el Fabobh lagl sty g1 T ¢

When the end point z@kihSER&ONas SheOlHGLIE el ebifefMiiid SRhget BL appl ying
of the high frequency power is stopped and the process chanber 2 is
exhaust ed common temperature - S00°C or of such a metal like
5 aluminium that has insulating fiim on its surface. A

baffle plate 326 is made integral to it. A plurality

of holes 328 are formed in the baffle plate 326. They

are intended to adjust the flow of gases in the process

- chamber 302, to make its exhaust uniform, and to make a

10 pressure difference hatweqn the treatment space and
a space downstream the flow of gases. A top portion
327 of the ring 325 is bent inwards, extending adjacent
to the electro-static chuck 11, to make the top of the
suscepter 305 exposed as small as possible.

15 An upper electrode 330 is arranged above the
suscepter 305. When the etching treatment is to be
carried out, the suscepter 305 is lifted to adjust the
interval between the suscepter 305 and ihe upper
electrode 330. The upper electrode 330 is made heollow

20 and a gas supply pipe 332 is connected to this hollow
portion 331 to introduce CFy gas and others from a
process gas supply supply 333 into the hollow portion
331 through a mass flow controller (MFC) 334. A
diffusion plate 335 is arranged in the hollow portion

25 331 to promote the uniform diffusion or scattering of
process gases. Further, a process gas introducing

section 337 having a plurality of apertures 336 is



17 - while supplying nitrogen gas into it (step S10). The gate valve 42 is
opened and the wafer Wis carried fromthe process chanber 2 into the' |oad
| ock chanmber 43 (step S11). 5 Referring to FIG 5, the plasm
control steps S4 and S8 will be described in nore detail. FIG 5 is a graph
showi ng ion transit frequency zones charact @8 stic of three kinds of gases
A, B and C in which frequencies are plotted on the vertical 10 axi s.
An ion transit frequency zone Az of gas A extends from an upper end Au to a

| over ond AL a0 O"ykERGid SRRV ERTArARR.BE BEa0%adh oD Syl o B
upper end Cu to a | gughifgd34d whiiBh'is Bommunicated with an exhaust
system provided with a vacnum @uﬁp and others is formed
in the side wall of the pxocess chamber 302 at the
5 lower portion thereof to exhaust ths process chamber
302 to an internal pressure of 0.5 Torr, for example.
¥hen the wafer W is etched in the process chamber
302, reaction products ave caused and they adhere to
the ring 325 and the baffle plate 326, leaving the
10 outer circumference of tha suscepter 305 substantially
free from tham. 'Whan the etching treatment is
finished, the wafer W is carried ocut of the process
chamber 302 into the load lock chamber 43. A next new
wafer W 1s then carried from the load lock chamber 43
15 = into the process chamber 302 and etched in {t. when
this etching treatment is repeated many times, ; lot of
reaction products adhere to the ring 325.
As shown in PIG. 9, the top 1lid 303 of the process
chamber 302 is opened and the ring 325 is detached from
20 the suscepter 305. Reaction products are then removed
from the ring 325 by cleaning.
The time at which the ring 325 must be cleanad is
determined as follows:
the number of paxticles adhering to the wafer W
25 which has been treated by the apparatus 300 is counted
and when it becomes laxgex than a predetermined value;

the number of particles scattering in the



15 COgas is cited as gas A. Ar gas is cited as gas B. [err], [err] or
[err] gas is cited as gas C. At least. one or nore gases selected fromthe
graoup consisting of [err] [err] [err] Ar, [err] and CO gases are used as
process gas. In short, process gas may be one of them or one 20 of

m xed gases [err], [err],[err] [err] and-[ezg] -Wen m xed gases of A B and
C are used as process gas, the high frequency power applied to the upper

el ectrode has a frequency hi gher than the highest one 25 Bu of upper
ion transit frequencie ?nd t he hi gh frequency power applied

snsg, Bu .and Cu
to the lower el ect A5HE5RASTY QM&Gy FRRIhS [BRRERLUS R 2R {orcat of
| ower ion t ranS|lt“faEegHeg& S %! ; B;rggg ﬁl'théngmgﬁsétﬁpﬁenQ.st r eat ment

met hod conduct ed using _
counted and when it becomes larger than a predetermined

value;
5 when predetermined sheets of the wafer W have deen
treated in the apparatus 300; and

when the total of hours during which plasma has
been generated or the plasma treatment has been carried
out reaches a predetermined value,.

10 Dry or wet cleaning is used. The dry cleaning is
carried out in such a way that ClF;, CFy or NFj gas is
blown to the ring 325 which is left attached to the
suscepter 305 or which is datached from the suscepter
305 and left outside the process chamber 302, as shown

18 in PIG, 10. '

On the other hand, the wet cleaning is carried out
in such & way that the rxing 325 to which reaction
products have adhered is immersed in cleaning ligquid
351 in a container 350, as shown in FIG. 11, 1IPA

20 (isopropyl alcohol), water or fluorophosphoric acid is
used as cleaning liguid 351. The ring 325 from which
reaction producta have been removed by the dry or wet
cleaning is again attached to the suscepter 305 and the
plasma treatment is then repeated.

25 Wwhen the wafers W are to be etched, plural rings
325 are previously prepared relative to one suscepter

305. -If so, cleaned one can be attached tec the



t he above- described etching treatnent apparatus 1 will be described 5
The switches [err] and [err] are closed or turned on to connect the signal
transm ssion circuits to their earthed circuits. H gh frequency signal -
(frequency: 800 KHz is anplified directly bx the anmplifier 53, bypassing
the phase controller 52, and applied to=hd%10~ suscepter 5 through the
matching unit 54. On the ot her hand, high frequency signal (frequency: 27
MHz) is anplified directly by the anplifier 63 bypassing t he anplitude

modul ator 62, and gRpbé f%otshﬁhyweélﬁh‘i e4d.a the matching unit
64 and the feeder 15 ﬁg% . Convent1 ona Iy, the natchlng uni t arranged'

on the side of the suscepd elryl oxMebt eXbandngt cun be dpprobrghtélequesty of
800 kHz but it beconmes high in inpedance relative to the high frequency of

27 KHz applied frobe2remove ireaghfon mprastwotsdEromeheininga3khg iWheh fficul t
For the dry cleaning is compared with the wet one, however,
S the former is easiar in carrying out it but its
cleaning is more incomplete. To the contrary, the
latter is more excellent in cleaning the riag 325 but
its work is relatively more troublesome. Therefore,it
is desirable that the wet cleaning is periodically
10 inserted while regularly carrying out the dry cleaning.
The baffle plate will be described xeferring to
FIGS., 12 and 13.
As shown in FIG. 12, it is preferable that an
effective diameter Dy is set not larger than a diameter
15 D,.- The effective diameter D; represents a diameter of
that area Qhere the process gas jetting apertures 336
are pressent, and the diameter D, deunotes that of the
wafer W in this case. When the effective diameter Dy
is set in this manner, a high efficient etching can be
20 attained in the process chamber 302. It is the most
preferable that the effective diameter D; is set to
occupy about 90% of the diameter Dj.
Providing that the underside 338 of the upper
electrode has a diameter Dy, the effective diameter Dy,
25 . the diameter D; and the diameter Dy meet the following
ineguality (1). :
-~ D) <Dy <Dg ~-= {1)



t he high frequency applied fromthe upper electrode to flowto the B
suscepter, Plasma is thus scattered, so that the plasna density decreases.
In the apparatus 1, however, the capacitance 56 is 25 arranged between
the feeder rod and the ground. A DC resonance circuit can be thus forned
relative to the high frequency applied frem3ke -upper el ectrode. \Wen

the val ue of the capacitance 56 i-s adjusted, considering the constant of a
distributed constant circuit, therefore, conposite inpedance can be nade

P e peveral L hehOuid G o bl W XaSEE LSUNE |
Therefore, current qeselbyifduderiadilses d66d AT 14GNEhe Yok Uit 135! Al ned
can al so be rai sed.
area of the lower electrode bedomes substantially
smaller than that of the upper electrode, thereby
5 making plasma uneven. 7This problem can be solved when
the effective area of the lower electrode is made same
as that of the upper electrode or when it is made
larger than that of the upper electrode.
As shown in FIG. 13, the baffle plate 326 is made
10 integral to the ring 325. It is divided into a portion
360 equal to the diamater D, and another portion 361
larger than it, and the inner portion 360 is made of
metal such as aluminium and stainless steel while the
outer portion 361 of PTPE (teflon), PFA, polyimide, PBI
15 (polybenzoimidazole), other insulating resin or:
alumitae-processed aluminium. '

The diameter Dy is made same ag or larger than the
diameter Dj. At least the inner portion 360 of the
baffle plate 32§ is positioned just under the upper

20 electrode 330. The ring 326 is divided into an upper
half 363 and a lowsr half 364, sandwiching an insulator
362 between them. The upper half 363 is made of metal
such as aluminium and stainless steel and it is made
integral to the inner portiaon 360 of the baffle plate

25 326. A power supply 319 which serves to apply high
frequency power to the suscepter 305 is connected to

these inner portion 360 of the baffle plate 326 and



On the other hand, the capacitance 66 and the 10 I nduct ance 67 are
attached to the feeder rod 65 arranged on the side of the upper electrode
21. _Therefore, a DC resonance circuit is also provided relative to the high
frequency of 800 kHz, thereby nmaking it easgéfor t he high frequency 800 kHz
applied 15 to the side of the suscepter to flow to the upper el ectrode
21. -The incidence of ions in plasma onto the wafer Wis pronoted

accordi ngly. Although high frequency power having the frequency 27 MHz has

peen PP H Lo SRR ELCHY Ol B0 e 0L YR W
above-described enackeng. Sitol’ SUICNCALSLEEmIE RAcEE pofieiuiiyli(tBeUpON
ki nds of process gas. It Is desirable that high frequency power applied 25
to the lower el ect rioserSphzbien f368qodc phaohetf e platiecand thetpgesner i on
transit frequency Ci)xrallfmé\%g gPatr}xe ring) which are positioned just under
5 the upper electrode 330 are made same in potential. In
order to make it sasy to exchange the ring 325, it is
preferable that tha lead 367 is connected to the upper
half 363 of the zing or the inner portion 360 of the
baffle plate 326 by an easily-detached socket 368. A
10 lower suscepter 365 is insulatéd from the upper one 305
by an insulating layer 366. The lower half 364 of the
ring is also therefore insulated from the upper half
363 thexeof by the insulator 362.
Whan at least that portion of the baffle plate 326
15 which is positioned just under the upper electrode 330
is made same in potential as the suscepter 305, as
described above; plasma can be made uniform.
Referring to FIGS. 14 and 15, it will be described
how the side opening 41 of the process chamber 302
20 through which the wafer W is carried in and out is
opened and closed as the suscepter is moved up and
down,
The ring 325 provided with the baffle plate 326
ancloses the suscepter 305. The lifter means 320 is
25 arrangad undexr the process chamber 302 and the
suscepter 305 is supported by the shaft 321 of the

lifter means 320.



1 MHz and that high frequency power applied to the

20 upper el ectrode 21

has a frequency higher than the i nherent upper ion transit frequency or
hi gher than 10 MHz. \Wen so arranged, ions are nore efficiently accel erated
with a smaller high fregquency power and the 5 followup of ions in the
pl asma sheath to bias frequenci es becones-st3bl e even when the rate of
gases m xed and the degree of vacuumin the process chanber are a little
changed. Therefore, ions can be nade incident onto the wafer wthout

scattering in the 10 sheath _th enabling a finer, work to be
achi eved at high speed. %%g;%“ndufmﬁr ;&é‘ﬁt '“smin‘?‘f'ﬁh, afhﬁh?‘f)'fljd?/\f up
of ions is more excelEenig (uthd Dakite hidtd R23US8 Yositioned lower than

the side opening 41. Wwhen it’is moved up, as shown in

FIG. 15, the baffle plate 326 is positioned higher chan

5 the side opening 41.

When the suscepter 305 is moved down and the

baffle plate 326 is positioned lower than the side

opening 41, therefore, the wafer W can be freely

carried in and out of the process chamber 302 through

10 the side opening 41. When the baffle plate 326 is

positioned higher than the side opening 41 at the time

of etching treatment, however, the side opening 41 is

shielded from the process space batween the upper and

the lower elsctrode, thereby preventing plasma from

15 entering into the side opening 41.

L4

As shown in FIG. 16, it may be arranged that a

shielding plate 370 is attached to the outer

circumference of the baffle plate 326 and that the side

opening 41 is closed by the shielding plate 370 when

20 the suscepter 305 is moved up. Particularly, the side

opening 4l is too narrow for hands to be inserted.

Therefore, inert gas may be supplied, a2s purge gas,

into a clearance 371 between the shielding plate 370

and the inner face of the procesa chamber 302 not to

25 cause procesgs gases to enter into the side opening 41.

Similarly, purge gas may also be supplied into a

clearance 372 between the wafer-mounted stage 305 and



power applied to he first electrode and they can be 15 nore efficiently
accelerated with a smaller power. |In addition, plasnma itself can be kept
stable. A nore stable treatnent can be thus realized even when the degree
of vacuumin the process chanber and the-rage oL gases m xed change. 20
Further, when the dissociation is controlled not to progress to the extent
greater than needed and the phase of the high frequency power applied to

the first electrode.is also coptr e Lons or radicals needed for the
treatnent can be credt SPPET ﬁ‘ggs:%%d’dql Pngid8 325.and they can be made
e Bm! O oL 20 R APy S, Ay LI BV bl 2opect
plate 373 attached to the outer circumference of the
baffle plate 326, as shown in FIG. 17, when the baffle
5 plate 326 is lifted half the side opening 41.
Referring to FIGS. 18 through 28, the cleaning of
a fifth CVD apparatus will be described. Same
components &s those in the above-described embodiments
will be mentioned only when needed.
10 A CVD apparatus 500 has a process chamber 502
which can be exhausted vacuum. A top lid 503 is
connected to the side wall of the process chamber 502
* by hinges 505. A shower head 506 is formed in the
center portion of the top lid 503 at the underside
15 thereof. A procese gas supply pipe 507 is ccnnected to
the top of the shower head 506 to introduce mixed gases
(SiHy + Hy) from a process gas supply 508 into the
shower head 506 through a mass flow controller (MFC)
510. A plurality of gas jetting apertures 511 are
20 formed in the bottom of the shower head 506 and process
gagses are supplied to the wafer W through these
apertures 511.
An exhaust pipe 516 which is communicated with a
vacuum pump 515 is connected to the side wall of the
25 process chamber at the lower portion thereof. A laser
counter 517 which serves to count the number of

particles contained in the gas exhausted from the



the wafers can be reduced. Further, plasnma density can be made high w thout
rai sing the high frequency power and its frequency, and ion control can be
made. easi er. A second nbodi nent will be described referring to 5 FI G

6. sane conponents as those in the above- dascribed first enbodi nent will
be nentioned only when needed. An etching treatnent apparatus 100 has, as
hi gh- frequency power applier neans, two high frequency power 10

supplies 141, 151 and a transforne 42.a}he rimary side,of the, transfore
142 is connected toPTPEH] ( ﬁegoédpapl tfﬁ’gegn?t%eé‘gf’f‘ﬁgdp"i’?s
secondary side is cgppect kL Hantd e 4 38 [ egLr 21
and 105. A first | ogvfgéssﬁ% Ib?:grm&g4 I'S a‘ri.r gqgeési S A&\%gts\%ge%&t%lgg&

secondary side and {jyeb uppar ehb’ @dtaual Hedns §fsond | ow pass filter 145
bet ween the secondary side and the | ower electrode 105. The first power

supply 141 serves to appthe lprpicebscchmwter SO2:habaxims:ton plate 521
5 supported by a substantially cylindrical suppoxt 520

and cooling water chambere 522 are formed in the bottom
plate 521 to circulate cooling water supplied through a
cooling water pipe 523 through them.
A suscepter 525 is mounted on the bottom plate 521
10 through 2 heater 526 and these heater 526 and the
wafer-mounted stage 525 are enclosed by a heat
insulating wall 527, The heat insulating wall 527 has
» a mirror~finished surface to reflect heat radiated from
around. The heater 526 is heated to a predetermined
15 temperature or 400 - 2000°C by voltage applied from an
AC power supply (not shown). The wafer W on the stage
525 is heated to 800°C or more by the heater 525.
An electrostatic chuck 530 is arranged on the top
of the wafer-mounted stage 525. It comprises pclyimide
20 resin £ilms 531, 532 and & conductive film 533. A
variable DC voltage supply (not shown) is connected to
the conductive film 533.
A detactor section 538 of a temperature sensor 537
is embedded in the suscepter 528 to successively detect
25 temperature in the wafer-mounted stage 525. The power
of the AC power supply which is supplied to the heater
526 is controlled responsive to signal applied from the



the relatively | ow frequency such as 380 kHz to the 20 el ectrodes 105
and 21. Wen silicon oxide ([err]) filmis to be etched, it is optinumthat
a frequency [err] of high frequency power applied fromthe first power
supply 141 is 380 kHz and when polysilicon ggoly-Si) filmis to be etched,
it is preferably in a range of 25 10 kHz- 5 MHz. The transfornmer 142
has_.a controller 143, by which the power of the first power supply 141 is
di stributed 22 - to both electrodes 105 and 21 at an optional rate. For
exanpl e, 400W of f Hempesnspre wwmexcii7ve Apbiftar 541t he eophassesr 905 and

SO0 Lo the upper chach g ik SRR Moy SEIUELRDIR! Bortio"e
and down. Those portions of & support plate 546
through which support poles 544 and 545 are passed are

5 provided with bellows 547 and 548 to keep the process
chamber 502 air-tight.

A cover 560 is freely detachably attached to the
shower head 506. It is made of material cf the PTFE
(teflon) group, PFA, polyimide, PBIX

10 (polybenzoimidazole) or polybenzoazole, which are
insulators and heat resistant. In the case of the
plasma CVD apparatus, the wafsr-mounted stage 525 is

+ heated to about 350 -~ 400°'C at the time of plasma
process and in the case 0f the heat CVD apparatus, it

15 is usually heataed higher than §50°C or to about B0O°C.
The cover 560 is therefore made of such a material that
can resist this radiation heat.

As shown in PIG. 19, a large~diameter opening 563
is formad in a bottom 561 of the cover 560. When the

20 cover 560 is attached to the shower head 506, the gas
jetting apertures 511 of the shower head 506 appear in
the opening 563.

As shown in FIG. 20, a plurality of apertures 585
may also be formed in the cover 560. These apertures

25 565 are aligned with those of the shower head 506 in

this case.

As shown in PIG. 21, recesses 570 may be formed in



suscepter 105 and the upper electrode 21. The second power supply 151
serves to apply high frequency power having the high frequency such as
13.56, for exanple, to the upper electrode 21. It is 10 connected to
the  upper electrode 21 via a capacitor 152 ayd then earthed. This plasma
generating circuit is called P node one. It is optimumthat a frequency
[err] of high frequency pomer applied fromit is 13.56 MHz, preferably in a
range of 10 - 100 MHz. It will be described how silicon oxide
film [err] on the $h@i GBWWWPSW%MW Fh@"%dﬁ#‘ﬁ@érw d4®et ching

hel d there by J_Qee FRatp AL ddra i ' f“se%ﬁ Frotieeide. e 5805 | s
Feaches about omorTe  frhfir 30,038 bikke in xid) 2z, M?‘?“&%'p P& om
the second pover SugakyedSints detessBEcS70 in this sase while elastically
5 deforming the cover 56¢. The three claws 571 are
arranged on the inner circumference 562 of the cover
560 at a same interval, as shown in PIG. 22.
As shown in PIG. 23, the cover 560 may be attached
to the shower head 506 in such a way that bolte 575 are
10 screwed into recesses 573 of the shower head 506
through a cover side 562.
It will be described how upper electrode cover is
+  cleaned.
When mixed gases (SiHy + Hy), for axample, are
15 introduced into the process chamber 502 to form'film on.
the wafar W, reaction products adhere to the upper
electrode cover 560. As shown in FIG. 24, tha top lid
503 is opened and the cover 560 is detached from the
shower head 506. The cover 5580 is then immezrsed in
20 cleaning liquid 581 in a container 580 (wet cleaning).
Orx the dry cleaning may be conducted in such 2 way that
cleaning gas such as Clr¥;, CFy oxr KF3 gas is introduced
into the process chamber 503 while keeping the cover
560 attached to the shower head 506.
25 The time at which the cleaning muat be conducted
is determined as follows, The number of particles
contained in the gas exhausted through the exhaust pipe



el ectrode 21 to nake [err] gas into plasnma and di ssociate 25 gas

nol ecul es between the upper el ectrode 21 and the suscepter 105. On the

ot her hand, high frequency power of 380 kHz is applied fromthe first power

supply 141 23 - to the upper and | ower algectrodes 21 and 105 . |ons and

radical s such as fluoric ones in plasmlike gas nol ecules are thus drawn to

t he. suscepter 105, thereby enabling silicon oxide filmon the wafer to be

etched. 5 The generating and keeping of plasma itself are attained
y

in this case by thBlhiim dounfednby pemciomiern§la andgmaenst i bderermRENd
San be t hus. or oat CYARTHE HRAR PoILBLE T4 kited EBcErAMng 94 the eaied ol acma
are controll ed by EE& AL e SFYBPEY. POVer '
As shown in FIG. 26, the underside of the top lid
5 503 may be covered by a cover 585, in addition to the
shower head 506, Oy the inner face of the process
chamber 502 may be covered by a cover 585, in addition
to the shower head 506, as shown in FIG. 27. An
opening 587 is formed in the cover 586 in this case,
10 corresponding to the side opening 41 of the process
chamber 502, Or a cover 530 having a curved bottom 591
may be used, as shown in PIG. 28.
' A sixth embodiment will be described referring to
FIGS. 29 through 34. Same components as those in the
15 above~dascribed embodiments will be mentioned cnly when
naeded.
As shown in FIG., 29, a magnatron type plasma
etching apparatus 600 has a rotary magnet 627 above a
process chamber 602. Upper and lower elsctrodes 624
20 and 603 are opposed in the process chamber 602.
Process gases are introduced from a gas supply supply
629 to the space heatween the upper and the lower
electrode through an MPC 630. The rotary magnet 627
serves to stir plasma generated between both of the
25 electrodes 603 and 624.
A susceptér assembly comprises an insulating

plate 604, a cooling block 605, a heater block 60§,



of 380 kHz applied to the upper and | ower el ectrodes 21 and 105. Therefore,
a nore highly selective etching can be applied to the wafer W 1ons cannot
follow up to the high frequency power which has the frequency of 15

13,56 MHz and by which plasma i s generated3g Even when the output of the
power supply 151 is nade |large to generate high density plasm, however,
the wafers Wcannot be damaged. The first and second | ow pass filters 144

and 145 20 are arranged on the secopdary circuit of,  the _transforner
142, Thi's prevent &% RESRESRETIELRIREFKBAE Anbei S5cuRcrineiidneyRor 13, 56

Mz and appl i ed fr&g.uﬁ;ﬁeissce mgg%y@l fgkeggf@ta{dﬂcgshp;gsthe

secondary circuit o e transtoner erefo

frequency power hadnfectia €6 edUENBero8lddmib aViardesse st Higherfere with

t he one having the frequency of 380 kHz, thereby making plasma stable.
voltage supply 611 by a lead 603, The filter 8§10 is

5 intended to cut high freqguencies. An internal passage
6§13 is formed in the cooling block 605 and liquid
nitrogen is circulated bstween it and a coslant supply
supply (not shown) through pipes 614 and 61i5. A gas
passage 616 ls opened at tops of the suscepter 603, the

10 heater §17 and the cooling block 605, passing through
the suscepter assembly. The base end of the gas
passage 615 is communicated with a heat exchanger gas

+ supply supply (not shown) to supply heat exchanger gas
such as helium gas to the underside of the wafer W

15 through it. The heater block 606 is arranged between
the suscepter 603 and the cooling block 605, It is
shaped like a band-like ring and it is several mm
thick, It is a resistant heating unit. It is
connacted to a filter 619 and a power supply 620.

20 Inner and outer pipes 621a and 521b ars connected
to the suscepter 603 and the process chamber 602. They
are conductive double pipes, the outer one 62la of
which is earthed and the inner one 621b of which is
connected to & high fregquency power supply 623 via a

25 blecking capacitor 622. %The high frequency power
supply 623 has'an oscillator for oscillating the high
frequency of 13.56 MHz. Inert gas is introduced from



- 24 - Blocking capacitors nmay be used instead of the |ow pass filters 144
and 145. Al though high frequency powers have been continuously applied to
the el ectrodes in the above case, nodul ati on power which becones strong and
S weak periodically may be applied tQ tlgg electrodes 21 and 105. A
third apparatus 200 will be described with reference to FIG 7. Sane
conponents as those in the above-described first and second enbodi nents
will be 10 menti oned only when needed. A high frequency pow circuit of
this apparatus 200 &sga fsuppdyt sepply t(net shownk igdeondchkesvaiicent in the

foll owi ng points: suscepter 205 of_the apparatus 200 is not earthed; no
| ow pass filter i s%??‘ﬁﬂjb&%ﬁnz‘lﬁ" 621@, and Eh® SUEPX PLEG; §21F apd also

transfornmer 275; angh @ the inner pipe 621b.

Except the upper electrode, the inner faces of the
5 top of the process chamber 602 is covered by an
insulating protection layer 625, 3 mm or more thick.
Similarly, the inner face of its side wall is covered
by an insulating protection layer 626, 3 mm or more
thick.

10 In the conventional magnetfon type plasma etching
apparatus, the flow of electrons tends to gather near
the inner wall of the procese chamber, as shown in

* FIG. 34. The flow of plasma is thus irradiated in a
direction W, that is, to the side wail of the process

15 chamber, thereby damaging it. In the above-described
apparatus 6§00, hoﬁever, the side wall of the process

-chamber 602 is covered by the insulating protection
layer 626 so that it can be protectad.
Process gas supply and axhaust lines or systems of

20 the apparatus 600 will be described. |

A process gas supply pipe 628 is connected to the
side wall of the procéss chamber 602 at the upper
portion thereof and CF,; gas is introduced from a
process gas supply 625 into the process chamber 602

25 through it. An exhaust pipe 633 is 2lgo connected to
the side wall of the process chamber 602 at the lower

portion thereof to exhaust the process chamber 602 by



second transformer 282 is arranged on the circuit of a second power supply
281. The second power supply 281 serves to generate high frequency power of
3 MHz. It is connected to the 20 primary side of the transformer 282,
whose secondary side are connected to uppergmnd. | ower el ectrodes 21 and
205. A controller 293 which controls the distribution of power is also

att.ached to the secondary side of the transforner 282. 25 It will
be descri bed how t he etchln treatnent is, carried og Eg arat us 200.
Hi gh frequency powdis E¥haust, peanf, 831, NRLCh g provid |’ft€& BRom each

other by [err] are aaglieq GA0W '¢¥h R9"GEoaHAR) %o/ he! Guldiue FigEPRSS . 20°
As shown in PIG. 30, a baffle plate 635 is
arranged between the outer circumference of the
5 suscepter 603 and the inner wall of the process chamber
602. Plural holes 634 are formed in tha baffle plate
635 to adjust the flow of exhausted air or gas.
As shown in FIG. 31, each hole 634 is tilted.
Therefore, the conductance of gas rises when it passes
10 through the holes 634 and the gradient »£ electric
field bacomes gentle accordingly. This pravents
discharge from being caused in the holes 634 and plasma
+  from flowing inward under the baffle plate 635.
As shown in PIG. 32, holes 634a, 634b, 634c and
15 634d each hafing a same pitch may be formed in plural
baffle plates 635a, 635b, 635¢ and 635d to form a step-
like exhaust hole 634A. This exhaust hole §34A can be
formed when the baffle plates 635&, 635b, 635c and 6354
are placed one upon the cthers in such a way that the
20 holes 634a, 634b, 634c and 634d are a little shifted
from their adjacent ones. When thease exhaust holes
634A are formed, abnormal discharges in plaama
generation can be more effectively prevented.
In the conventional apparatus, each hole 692 in
25 the baffle plate extends only vertical, as shown in
FIG. 33. These holes 692 allow plasma to flow inward

undexr the baffle plate and abnormal discharges such as

&



el ectrode 21 to generate plasma between them At the sanme tine, high
frequency powers of 380 kHz whose 5 phases are shifted from.each ot her
by [Lerr] are applied froma power supply 274 to them lons in plasna
generated are thus accelerated to enter i-nt&2the wafer W Further, the two
hi gh frequency power supplies 274 10 and 281 in the third apparatus are
arranged i ndependently of the other. In short, they are of the power split
type. Therefore, the not_interfere with each other, thereby enapling a
nore stable etchi ngsg?'ggterﬁsﬁ? B%“T%%Wi"z _em15tharaeb caugipg @YY e, hi gh
frequency powers ar g@gg#' r tﬁ;ﬁé owek.. s I'sEI% a 281 to
both of upper and Igever eﬂﬁro%dggh ani 5, !rhé_s%igéétdl e y.z'ﬁ‘f‘hgg?fow of
current can be thushé@eedr) ikecloRds 383 HrAVddkaat HE I MR RRsUBRRIus: and

the | ower 20 el ectrode 205. As the result, a high density plasna
cpening 633. The reduction of exhaust spsed can be
5 thus prevented. When the direction in which the turbo-
puxp 631 is driven is made reverse to the flow of
exhausted gas, that is, when it is made anticlockwise
in a case where exhausted gas flows clockwise, the
speed of exhausted gas can be raise toc a furthaer
10 extent.
A seventh embodiment will be described referring
to FIGS. 35 through 43. TBOS gas is used to form film
* on the wafer W in this seventh plasma CVD apparatus.
Same components as those in the above~described
15 embodiments will be mentiocned only when needed.
The plasma CVD apparatus 700 has a cylindrical or
rectangular process chamber 710, in which a suscepter
712 is arranged to hold a wafer W on it. It is made of
conductive material guch as aluminjum and it is
20 insulated from the wall of the procesa_chambex 710 by
an insulating member 714. A heater 716 which is
connected to a power supply 718 iz embedded in it. The
wafer W on it is heated to about 300°C {or £ilm forming
temperatuxe) by the heater 716. The process chamber is
25 of the cold wall type in this case, but it may be of
the hot wall type. The process chamber of the hot wall

type can prevent gas from being condensed and stuck.



can be generated and the efficiency of controlling ions in plasm can be
rai sed. A fourth enbodinment will be described, referring to FIGS. 8 through

12._ Same conponents as those in the 25 above-descri bed enbodi ments will
be nentioned only when needed. As shown in #3G~-8, an etching apparatus 300
has - 26 - a cylindrical or rectangular colum-1like air-tight chanber

302. Atop lid 303 is connected to the side wall of the process chanmber 302
Dy, I ges 301 Terper at hg. 80h ek el g £ AR 0P
E;bﬁlggﬁfi x\étg a degidcrb®PEL At W ORAUBERYE €300 125 1 FPEtnavdihe<anpl €,
between two sheets of £ilm made ¢of polybensoimidazole
resin. A variable DC high voltege power supply 722 is
5 connected to the conductive £ilm 12. A focus ring 724
is arranged on the suscepter 712 along the outer rim
therecf.
A high frequency power supply 728 is connected to
the suscepter 712 via a2 matching capacitor 726 to apply
10 high frequency powsr having a freqguency of 13.56 MHz or
40.68 MHz to the susceptex 712.
An upper alectrode 730 serves as a plasma
+ generator electrode and also as a process-gas
introduaing passage. It is a hollow aluminium-made
15 electrode and a plurality of apertures 730a are‘formed
in ita bottom. It has a heater (not shown) coanected
to a power supply 731. It can be thus heated to about
150°C by the heater.
A process gas supply line or system provided with
20 a vaporizer (VAPO) 732 will be dascribed referring to
FIGS. 35 and 36.
Liquid TBOS is stored in a container 734. At the
film forming process, a liguid mass flow controller
(LMPC) 736 is controlled by a controller 758 to control
25 the flow rate aof liquid TROS supplied from the

container 734 to the vaporizer 732.

As shown in FIG. 36, a porous and conductive



conductive resistance heating unit such as tungsten into an insulating
sintered body nmade of al um nium 10 nitride. Current is supplied to
this resistant heating unit through a filter 310 to control the tenperature
of the wafer Win such a way that the treaté4 face of the wafer Wis raised
to a predeterm ned tenperature. A high frequency power supply 319 is
connected to 15 the suscepter 305 through a bl ocking capacitor 318.

When th f Wis t t ' f - .56 MHz i
appli ed from the potfBa,EhEECty 1o pluden LER BRR:RE P v Sherl ey so5”
I's supported by a Shijdrizé: 9522 e hpnhiﬁ?ﬁ&fﬁfﬂ%a%sﬁhf@@-ﬁﬁ“%dt BR

shaft 321 of the lifter nmechanism 320 is extended and retreated, the

-suscepter 305 i s nuwadetp740d dThe irdetel7Bovnss Iimiuniahtad heikh ahiehe | ower
end of the suscepter 305 not to Ipakp&ases in the process chanber 302
outsi de. 25 liguddc sRBRLY i 0f ghgoosatainearnd3fs octe atddter

5 740 is communicated with the hollow portion of the
upper electrode 730. _

The heaiing unit 744 is made of sintered ceramics
in which conductive material such as carbon is
contained, and it is porous. It is preferably

10 excellent in workability and in heat and chemical
resistance. Terminals 747 are attached to it and
current is supplied from a power supply 746 to it
through them. When current is supplied to it, it is
resistance-heated to about 150°'C. Purther, vibrators

15 748 are embedded in the housing 742, sandwiching the
heating unit 744 hetween them. It is preferable that
they are sﬁpersonic ones. The powsr supply 746 for the
heating unit 744 and a powar supply (not shown) for the
vibrators 748 are controlled by the controcller 758.

20 It will be described how the vaporizer 732 is
operated.

When liquid TEOS is supplied from the container
734 to the vaporizer 732, it anters into holes in the
porous heating unit 744 and it is heated and vaporized.

25 Because its contact area with the porous heating unit
744 becomes extremely large, its vaporized efficiency

becomes remarkably higher, as compared with the



302. Aring 325 is freely detachably attached to the outer circunference of
the suscepter 305. It. is nade 27 - preferably of PTFE (teflon), PFA,
pol yi m de or PBI (polybensoindasole). It may al so be made of such a resin
that has insulation in a tenperature rangdSf—-common tenperature - [err]
or of such a netal like 5 alum niumthat has insulating filmon its
surface. A baffle plate 326 is nmade integral to it. A plurality of holes
328 are fornmed in the ba%%le pl at e $26. They are intended to adjust the
flow of gases in tFEPEPRLLIRL VARREL®XE (o nmke its exhaust uniform and

S mnerr am Toe B A0eRGL 6P Sl 4601 Tt SOOERLGRY 2
bent inwards, extendgngoatiQ@RNTE0s caught by the heating unit 744 and
in its holes. Heat ftaﬁstet face and liguid vibratioms
5 are thus caused. Therefore, the border layer between
the heat transfexr face of each hole in the heating unit
744 and liquid TBOS, that is, the heat resistance layer
is made thinner. As tha result, convection heat
transmission is promoted to further raise the vaporized
10 efficiency of liquid TEOS.
According to the vaporisexr in this case, gas-like
TEOS is moved by pressure diffevence caused between the
+ inlet 738 and the outlet 740 and thus introduced into
the process chamber 710 without using any carrier gas.
15 A bypass 750 and a stop valve 752 may be attached
to the passage extending from the cutlet 740 of the
vaporizer, as shown in FPIS. 35. The bypass 750 is
communicated with & clean-up unit (not shown) via a
bypass valve 754. The clsan-up unit has a burner and
20 others to ramove unnacessazry gas components. Further,
a sensor 756 is alsc attached to the passage extending
from the outlet 740 to detect whether or not liguid
TBOS is completely vaporized and whethser or not gases
are mixed at a correct rate. Detection signal is sent
25 from the sensor 756 to the controller 758. |
the operation of the above-described CVD apparatus
700 will be descxibed.



to the electro-static chuck 11, to make the top of the suscepter 305
exposed as snmall as possible. 15 An upper electrode 330 is
arranged above the suscepter 305. Wen the etching treatnent is to be
carried out, the suscepter 305 is |ifted o 4gdjust the interval between the
suscepter 305 and the upper electrode 330. The upper el ectrode 330 is nade
hol l.ow 20 and a gas supply pipe 332 is connected to this hollow portion

331 to introduce [err] gas and others from a process gas suppl supply 333
into the hol | ow portion 58 “afes ¥nis camsied dRteokhe gprase é?

fhe Un form i 11 ua: SA0GPRLER Rk Hish (e lOtmalleldl tholbdlt 3 x 33&‘?)?52222“ ’
gas introduci ng sechaQeraB mdidy,] Bad2:1 el {5 Ahdinted’ oRAPERE Wiiieeptar 912.
It is then heated to 300°C, for example, by the heater
5 716. While preparing the process chamber 710 in this
manner, ligquid TEOS is vaporized by the vaporizer 732.
High fregquency power is applied from the high frequency
power supply 728 to the lower electrode 712 to generate
reactive plasms in the process chamber. Activated

10 spacies in plasma reach the treated face of the wafer W
to thereby form P-TBOS (plasma-~tetraethylorthosilicate)
£ilm, for example, on it,

s Other vaporizers will be described referring to
FI1G6S. 37 through 41.

15 As shown in FIG. 37, a vaporizer 732A may be made
integral to an upper electrode 730A of a process
chambexr 710A. It is attached integral to the upper
electrode 730A at the upper portion thereof with an
intermediate chambaer 770 formed under it. 1Its housing

20 742A has 2 gas outlet side 774 in which a plurality of
apartures 772 are formed.

A gaa pipe 77§ is communicated with the
intermediate chamber 770 in the upper electrode 7302 to
introduce second gas such as oxygen and lnert gases

25 into it. A bypass 750A extends from that portion of
the upper electrode 730A which is opposed to the gas

pipe 776 to exhaust unnecessary gas from the upper



- 28 - arranged under the diffusion plate 335. An exhaust opening 340 which
IS communi cated with an exhaust system provided with a vacuum punp and
others is forned in the side wall of the process chanber 302 at the 5

| ower portion thereof to exhaust the processtthamber 302 to an interna
pressure of 0.5 Torr, for exanple. Wien the wafer Wis etched in the
process chanber 302, reaction products are caused and they adhere to the

ring 325 and the baf lle%tgbage-,g%ﬁ/ hgg)e&??bt t%% 78629 b GnkCYBher gpce

of the suscepter 305 substanti en the etching

treatnent is finishegichha ngmﬁilﬂw DECapertieen 7780, t hesWrame yysehasger
302 into the | oad | ock chanmber 43. A next new wafer Wis then carried from

the | oad | ook chanbefors@dl8re arrangedhénptive coower'povbloB2f ke et ched in

it. Wen this etching treatnent is repeated many tinmes, a | ot of reaction
products adhere to t#ﬁiqqmn&iggg_chamber 770 with an interval interposad

5 between them.
As shown in FIGS. 38 and 39, a liquid passage 782
is formed in a heating unit 7448 in the case of a
vaporizer 732B. It includes a center passage 782a and
passages 782b radically branching from the center

10 passage 782a. When it is formed in the heating unit
7448 in this manner, it enables liquid to be uniformly
distributed in the whole of the porous heating unit

s 7448, thereby raising gas vaporized efficiency %to a
further extent.

18 After liquid is vaporized by a vaporizer 738C, two
or more gases may be mixed, ag shown in FIG. 40. A
sacond gas supply opening 784 is arvanged downstream
the vaporizer 73BC and second gas component zuch as
oxygen and inert gases is supplied through it. A gas

20 mixing duct 786 extends downstream it and a bypass 750C
having a bypass valve 754c, and a stop valve 752C are
further arranged in the lower portion of the gas mixing
duct 786. A strip-like member 788 is housed in the gas
mixing duct 786 to form a spiral passage 790 in it.

25 First and second gas components are fully mixed, while
passing through the spiral passage 790, and they reach
a point at which the bypass 750 branches from the



As shown in FIG 9, the top |lid 303 of the process chanber 302 is opened
and the ring 325 is detached from 20 t he suscepter 305. Reaction
products are then renoved fromthe ring 325 by cleaning. The tine at which
the ring 325 nust be cleaned is determ ned %ﬁ foll ows the nunber of
particles adhering to the wafer W25 whi ci' hds been treated by the
apparatus 300 is counted and when it becones |arger than a predeterm ned
val ue; the nunber of particles scattering in the - 29 - atnosphere
exhausted fromthe pppeage Lsxt30@ingdtortized dismsifi the ravies¥OERambEenS i N

Lo yexhaust pipe s counm 2C fition to THOS (tetraethylorthosilisace),
trichlorsilane (SiHCls3), silicoﬁ tetrachloride (8iCl,),
pentaethoxytantalum (PEOTa : Ta(OCsHs)g),

5 pentamethoxytantalum (PMOTa ; Ta(OCH3)g),
tetrascpropoxytitanium (Ti(i-0Cg3Hy)s),
tetradimethylaminotitanium (TDMAT : Ti{N(CH3)3)4),
tetraxisdiethylaminotitanium (TDEAT : Ti(N(CaHg)nl4).
titaniom tetrachloride (TiClg), Cu(HFA), and Cu(DPM),

10 may be used as ligquid material toc be vaporized.
Further, Ba{DPM),/THF and Sr(DPM),/THF may be used as
thin ferroelectric film forming material. Water (Ky0),

' ethanol (C,oHgOH), tetrahydrofuran (THF : C4HgO) and
dimethylaluminiumhydride (DMAH ¢ (CHj),AlH) may also be

18 used, ‘

A vaporizer 819 may be attached to a batch type
horizontal plasma CVD apparatus B00, as shown in
PIG., 41, This CVD apparatus 800 includes a process
chamber 814 provided with an exhaust opening 810 and a

20 process gas supply section 812, a wafer boat Bl5 and a
heater means Bl8. Connected to the process gas supply
section 812 are a process gas supply line or system
having a liquid container 815, a liquid mass flow
controller 817 and a vaporizer B13. This vaporizer 819

25 is substantially same in arrangement as the above-

described one 532.

As shown in FIG. 42, a conventional vaporizer 701



5 when predeterm ned sheets of the wafer Whave been treated in
the appararus 300; and when the total of hours during which plasma has been
generated or the plasma treatnent has been carried out reaches a
predet er mi ned val ue. 10 Dry or-wefg ckeaning is used. The dry
cleaning is carried out in such a way that [err] [err] or [err] gas is
blown to the ring 325 which is left attached to the suscepter 305 or which
is detached fromthe suscepter 305 and |eft outside the process chanber

302, as shown 15 has p hey “913.2cﬂhf iﬁlﬁﬁPthﬁﬁﬂ?rtﬁﬁW NeEE€aning is
car il o out 1 SUCRRNEY AN R G TELERY WLaThchucsaat onPhagcts nave
ot ol oancg [FARMAPSLORY netbaonel s using) ldusontesaian 1,15
been removed by tlecdlie®t Mttheat transmission. These heat
5 transmitting balls 703 are heated higher than the
boiling point of liguid material by an external heater
means {not shown) to vaporite liguid material
introduced from below. Carrier gas is introduced into
the vaporizer 701 to carry vaporized process gases.
10 In the conventionai vaporigzexr 701, however, gas
flow rate becomeas excessive at the initial stage of gas
supply, that is, overshooting is caused. FIG. 43 is a
* graph showing how gas flow rates attained by the
conventional and ocur vaporizers change at the initial
15 stage of gas supply, in which time lapse is plotted on
the horizontal axis and gas flow rates on the vertical
axis. A curve P represents results obtained by the
conventional vaporiser and arother curve Q those
obtained by our present vaporizer. As apparent from
20 PIG. 43, gas flow rate overshoots a predetermined one
Vi, in the case of the conventiocnal vaporizer, after
the lapse of 10 - 20 seconds since the supply of gas is
started. In the above~describad vaporizer used by the
present invention, however, it reaches the

25 predetermined flow rate V; without overshooting it.



cleaning is again attached to the suscepter 305 and the plasma treatnent is
then repeated. 25 Wien the wafers Ware to be et "ﬁ“lﬂl’“ﬂ”ﬂ”&ﬂ
325 are previously prepared relative to one suscepter 305!

one can be attached to the 30 suscept.er 5805-whi |l e cleanlng t he ot hér.

The dry or wet cleaning can be appropriately used to renove reaction
products fromthe ring 325. When the dry cleaning is conpared with the wet

one, however, 5 the former is easier in carrying out it but its cleaning
IS nore inconpleteFLQQ?ﬁﬁua contrary, the latter is nmore excellent in

ot 0t e, 0 19,725 X AR A MR AL
substrate, which is to be treated, under decompressed
atmosphere comprising, the steps of:
5 exhausting a process chamber so as to decompress
the procegs chamber;
mounting the substrate, which is to be treated, on
3 lower electrode;
supplying a process gas to the substrate on the
10 lower electrode through an upper electrode;
applying high frequency power, which has a first
frequency f£; lower than an inherent lower ion transit
* frequencies of said process gas, to the lower
electrode; and
1§ applying high frequency power, which has a ‘second
frequency £, higher than an inherent upper ion transit
frequencies of said process gas, to the upper
electrode, whereby & plasma is generated in thé process
chamber and activated speciee influence the substrate
20 to be treated.
2. The plasma treatment method according to
claim 1, wherein said process gas is formed of a
piurality of component gases, said first frequency f,
is the lowest of the inherent lower ion transit
25 frequencies of said component gases, and said second
frequency £, is the highest of the inherent higher ion

transit freguencies of said composite gases.



10 inserted while regularly carrying out the dry cleaning. The baffle
plate will be described referring to FIGS. 12 and 13. Asﬁnﬂmwl “ﬂml

it s preferable that an effective dianeter [err] is set 3 I uHﬂL
di aneter 15 [err] The effective dianetegy [err] represehts atdi Ameter* of
that area where the process gas jetting apertures 336 are present, and the

di anreter [err] denotes that of the wafer Win this case. Wen the effective
dianmeter [err] is set ih this manner, a high efficient etéhlng can be 20

attained in the processch ePl‘SﬁE‘ t’i‘t’ nt ppethad aﬁF@ 3B Pt hat the

Pr ovi di ng that ¢ hecHiifhrk; YEATath chiR¥ (IREeCaRGyltes X 1A 1SKBE R 01

[err] the effectivgpgi éggaﬂa'f t he di aheter [err] and the
dianeter [err] neet the | o g&l‘neq@allty (). 1 <Jerr] <err]
1) 4. The plasma treatment method according to

5 claim 1, wherein the first Irequency £; is set lower

than 1 MHz, and the sacond frequency f, is set higher
than 10 MHz.
5. The plasma treatment method according to
claim 4, wherein the first frequency £, is in & range
10 of 100 ks ~ 1 MHz, and the second frequency £, in a
range of 10 MHs - 100 MHz.
6. The plasma treatment method accerding to
* claim 1, wherein high frequency components of said
first frequency f; are removed from =aid high freguency
15 power applied ta the uppexr electrode. :
7. The plasma treatment method according to
claim 1, wherein high frequency components oi said
second frequency £, are removed from high frequency
power entering into a power supply circuit through
20 plasma, a power supply circuit sarving to apply said
high frequency power, which has the first frequency {,,
to the lower electrode. _
8. The plasma treatment method according to
claim 1, further comprising the steps of, applying high
28 frequency power, which has a frequency same as the
first frequency £, and wvhich is amplitude-modulated, to
the upper electrode.



—

- 31 - Wien the ring the whole of which is nmade of |nsula ﬂ naterlal IS

used as it is, the effective area of the |ower el ectrode IﬂJ"""I,””"’ ‘

substantially smaller than that of the upper electrode, t
maki ng pl asma uneven. This problem can be-s@ed when the effective afea” of
the lower electrode is nade sane as that of the upper electrode or when it
i s nade |arger than that of the upper electrode. As shown in FIG 13, the

baffle plate 326 is nade 10 ntegral to the ring 325. It is divided
into a portion 360 equal ¥to T#ﬁeﬂ%a&WStEFQTQEQHt &ﬂ&hﬂﬂcﬂ¢ﬁ9rq499tﬁen 361

AR VT R ST R L N
PFA, polyimde, PBl grequency power, which has a frequency same as the
second frequency f, and which is amplitude-modulated,
s to the lower electrode.

10. The plasma treatment method according to
claim 8, wherein amplitude modulation is carried out to
form one of sine, triangular, rectangular and sawtooth
waveforms or their composite waveform.

10 11. The plasma treatment method according to
claim 9, wvherein amplitude modulation is carried out to
form one of sine, triangunlar, rectangular and sawtooth

*  waveforms or their composite wavefornm.

12. The plasma treatment method according to

15 claim }, wherein one or more gases selected from the
group consisting of CP,;, CyuPp, CHF3, Ar,0y and CO gases
are used as the process gas,

i3. The plasma treatment method according to
claim 1, further comprising the steps of, intraducing

20 one or more cleaning gases selected from the group
consisting of ClF3, CPy and NF; gases into the process
chamber while keeping a ring and/or & baffle plate
attached to the lower electrode when plasma is stopped;
and dry cleaning the ring and/or the baffle plate.

25 i4. The plasma treatment method accerding to
claim 1, further comprising the steps of, detaching the

ring and/or the baffle plate from the lower clectrode



15 (pol ybenzoi m dazol e), other insulating resin or al untes
alum nium The dianeter 04 is made sanme as or |larger than iﬂ i@"ﬂ@ﬂﬁ ﬁ Lu"
[err] At least the inner portion 360 of the baffle plate 3

just under the upper 20 el ectrode 330~ THE r<ng 326 is divided into an
upper half 363 and a |l ower half 364, sandw ching an insulator 362 between
them The upper half 363 is made of netal such as alum niumand stainless

steel and it is nmade,int t r{io he haffle plate
25 326. A power wg p 3’5% ‘ﬁ?]ﬂ%p?g%eg&? J%}opq’llgg F‘éﬂ %J? cﬁ?’é’ﬁcy power

to the suscepter 30 o} C%jfk r I n baffl e
pl ato 326 and - inh_?oﬁpg!g? 1wg%h§§ t he |anﬁg;q'3 SQb?/éé%lggngx%g? via a

cleaning gases selected from the group comsisting of
ClF3, CP, and WF,.

5 15. The plasma treatment method accaording to
claim 1, further comprising the steps of, detaching the
ring and/or the baffle plate from the lower electrode
when plasma is stopped; and wet cleaning the ring
and/or the baffle plate using at least one cleaning

10 solution selected from a group of isopropylalcohol,
water and fluorophosphoric acid.
16. The plasma treatmant method according to
. claim 1, further comprising the steps of counting the
number of particles adhering to the substrate which has
15 been treated in the process chamber; and cleaning the
ring and/or the baffle plate while keeping plasma
stopped when the number of particles adhering becomss
larger than a predetsrmined value.
17. The plaema treatment method according to
20 claim 1, further comprising the steps of, counting the
number of particles scattering in atmosphere exhausted
from a treatment apparatus and/or at least in one or
more areas in an exhaust pipe; and cleaning the ring
and/or the baffle plate while keeping plasma stopped
25 when the number of particles becomes larger than a
predetermined value.

18. A plasma treatment apparatus for



bl ocki ng capacitor 318. At |east those portions (the—t+nrer—portion-360—of
the baffle plate and the upper half 363 of the ring) whj osi tioned
just under 5 the upper el ectrode 330 are nmade sane "Bmgﬂg'ﬁ" mln
order to nake it easy to exchange the ring4323, it is pk whe
| ead 367 is connected to the upper half 363 of the ring or the inner
portion 360 of the baffle plate 326 by an easil y-detached socket 368. A 10
| ower suscepter 365 is insulated fromthe upper one 305 by an insul ating

| ayer 366. The | odasmartresting & pubstrates whish ischarhe &reasedated from
t he upper half 363 thereof by the;insulator 362. ep at |east that portion
of the baffle pl at%fGaﬁmg“WCﬁH‘m imﬁf{}}‘i' under the upper

Sbove, plasma can be niqeinafel SaTihed) B5NE S CeT T4 and 16 1t w1 be
descri bed how the sidemgRf®i fok ekhabistity PiNF ehanblapber 302
5 & lower electrode on which the substrate to be
treated is mounted;

an upper elactroda ﬁ:i_acad in the chamber to
oppose to the lower electrode;

means for supplying process gas to the substrate

10 on the lower electrode thxcugh the upper electrode;
a first power supply cenmected to the lower
electrode through a first matching cirenit to apply
»  high frequency power, which has a first frequency f,
lower than an inherent lower ion transit frequency of
15 the process gas, to the lower electrode; ‘

a second power supply connected to the upper
alectrode through a second matching circuit to apply
high fregquency power, which has a second frequency f,
higher than an inhexent upper ion transit frequency of

20 the process gas, to the upper electrode;

.first filter mmans for removing high freguency
components of the sscond frequency £, from the high
fregquency power applied to the lower electrode; and

second filter means for removing high frequency

25 components of the first freguency £; from the high
fregquency power applied to the upper electrode.

19. The plasma treatmént apparatus according to



20 through which the wafer Wis carried in and out is
as the suscepter is noved up and down. The ring 325 provi c‘mﬂﬁg m#g! fmd
baffl e plate 326 encl oses the suscepter 305. The lifter neansc

arranged under the process chanber 302 and gghe.suscepter 305 is supported
by the shaft 321 of the lifter means 320. 33 - Wien the suscepter 305 is
novwed down, as shown in FIG 14, the baffle plate 326 is positioned | ower
than the side opening 41. Wen it is noved up, as shown in FIG 15, the
baffle plate 326 | $1888i {BoridienRignthe fhiFes filtevme@ﬂé%semﬁgtﬂ When

the suscepter 305 'é% §D¥§gsgq¥{}éﬂyé thﬁieh connects a first matching

circuit to the lower electrode, at an end thereof and
the first circuit includes & first sarthed capacitor at
5 the other end thereof; and the second filter means is
connected to a2 second circuit, which connects the first
matching circuit to the upper electrode, at an end
thereof and the second circult includes, at the other
end thereof, a second earthed capacitor and an
10 induction coll connected in series to the second
capacitor.
20. The plasma treatment apparatus according to
+ claim 18, wherein said first filter means has an
impedance larger than several kQl relative to the high
15 frequency power having the first frequency £, and an
impedance smaller than several Q relative to the high
frequency power having the second freguency £,; and
said second filter means has an impedance smaller than
several O relative to the high fregquency power nhaving
20 the first frequency f; and an impedance larger than
saeveral ki) relative to the high fregquency power having
the second Irequency £,.
21, 2 plasma treatmant apparatus for plasma-
treating a substrate, which is to be treated, under
25 decompressed atmosphere comprising:
a chamber' earthed;
exhaust means for exhausting the chamber;



baffle plate 326 is positioned | ower than the side opening 41,
the wafer Wcan be freely carried in and out of the proces
the side opening 41. Wen the baffle plate
hi gher than the side opening 41 at the ti+re 5& etching tfeatnment," h8weVer?
the side opening 41 is shielded fromthe process space between the upper
and the | ower el ectrode, thereby preventing plasma from 15 entering

into the side opening 41 fg h ' G_1 |t y_he .arranged that a
shielding plate 370 is attac %ﬂ%cﬁggéu?’brwg&cbcﬁﬁ?e?‘g??ctéﬁ(? Re baffle
plate 326 and that LBgneédle opening 41 is closed by the shielding plate 370
when 20 t he suscepter 305 is noved up. Particularly, the side opening

t hrough 10

* c

41 is too narrow for hansi ipgpdr eleserode . ariargeoin, thealiardas &BY be

suppl i ed, as purge gas,

370 and the inner fapposé thecthe dower ehestimnded02 not to

10

15

20

25

means for supplying process gas to the substrate

_on the lower electrode through the upper electrode;

a first power supply comnected to the lower
elactrode through a first matching circuit to apply
high frequency powexr, which has a first freguency f,
lower than an inherent lower ion transit frequency of
the process gas, to the lower electrode;

a2 second power supply connected to the upper
electrode through a sscond matching circuit te apply
high frequency power, which has a second fraquency f,
higher than an inhexant uppar ion transit freguency of
the process gas, to the upper electrode; and

an amplitude modulator circuit connected to the
first and second power supplies to modulate the
amplitude of the high frequency power having the first
frequency £ to apply amplitude-modulated high
frequency to the upper elactrode.

22. The plasma treatment apparatus according to
claim 18, wherein said exhaust means exhausts the
chamber to an internal pressure of 10 - 250 mToxr.

23. ‘The plasma tﬁeatmsut apparatus according to
claim 18, further comprising & ring freely detachably

attached to the outer circumference of the lower

into a clearance 371 between the shielding plate

therefore,

FIATOLETOR L



25 cause process gases to enter into the side opening 41. Sinmlarly

purge gas may al so be supplied into & clearance 372 betwe I “He
waf er - nrount ed stage 305 and - 34 the upper half 363 of E““mmmu“mm “
si de opening 41 nay be closed by a shi el di.nggpl at e 373 attachéd to ¥ he :
outer circunference of the baffle plate 326, as shown in FIG 17, when the
baffle 5 plate 326 is lifted half the side opening 41. F@ferring to

FI GS. 18 through 28, the cIeanln of a fifth CVD apparatus will be

descri bed. Same co 89 eastion (peoducts: preated duniheas ozwi | |

toh
be ot oned, o v feded sé&mm«@%%sgus £ %1%, e
ring.

34. The plasma. tmm apparatus according to

5 claim 18, further admytlsing tha ring fresely detachably
attached to the outér Qigcﬂqu:unce of the lower
alectyode to'cduse'énaet10n'p!oducts created by heat or
plasma to adhere not to the lower electrode but tc the
ring; and lifter means for moving the lower electrode

10 up and down together with the ring.
25. The plasma’tr&aﬁhéﬂt apparatus according to
claim 18, wharein the chapﬁér has an opening through
., which the substrate to be treated is carried in and
out, and the ring is moved up and down between the
15 upper and and the lower end of said opening by the
lifter means.

26. The plasma treatment apparatus according to
claim 25, further comprising a baffle plate attached to
the outer circumferemce of the ring and positioned

20 higher than the upper end of said chamber opening, when
the ring is lifted, to shield the chamber opening from
plasma atmosphare.

27. The plasma treatment apparatus eccording to
claim 25, further comprising an exhaust opening formed

25 in that portion ¢f the chamber side wall which is lower
than the top of the lower electrode; and holes formed
in the baffle plate to adjust or rectify the flow of

"



connected to the side wall of the process chanber 502 by hing

shower head 506 is forned in the center portion of the top I| ﬁ@ Iﬂ ';’ﬂm””m
under si de 15 thereof. A process gas supply pipe 507 is: cokr

the top of the shower head 506 to introduse 38 xed gases [err] + [err] from

a process gas supply 508 into the shower head 506 through a mass fl ow
controller (MFC) 510. A plurality of gas jetting apertures 511 are 20

f d in the bott f th h 6 d lied
o the vaf er W't hr ol PRESESS AR, SBEraTD. oagh JR1g <8 Hi Paril < ALERE; o°
comuni cat ed wi th a (AGYYPMRURL LS iﬁgeﬂae@;ﬂgéﬂ LRge SLO%Eld o8 .the 25

process chanber at t ower portion thereof aser counter
serves to count the greeass @aspaiiich GasCpakeéed athroighhehd ascled)atst ed from

the flow in a direction reverse to the direction in which
5 gas is exhausted by & rotary pump.

28. The plasma treétment apparatus accoxding to
claim 26, wharein the baffle member comprises plural
plates in which holes each having a substantially same
pitch are formed, and they are placed one upon the

10 othexrs to shift their corresponding heles a little to
form a step-like hole.

2%. The plasma treatment apparatus according to

+ claim 18, further comprising a cover member freely
detachably attached to the upper electrode to cover a
15 peripheral portion thereocf so as to prevent reaction
products from adhering to the upper electrode.

30. The plasma treatment apparatus according to
claim 29, wherein the upper electrode has first engaged
recesgses or projections formed in or on the outer

20 @ circumference therecf, the cover member has second
engaging projections or recesses formed on or in an
inner circumference thereof and the cover member is
made of elastic material, and the second engaging
projections or recesses are engaged with the first

25 engaged recesses or projections while elastically

deforning the cover member.

31. The plasma treatment apparatus according to



e

35 process chanber 502 is attached to the exhaust pipe 516. T
chanber 502 is deconpressed to about [err] Torr by the,eMﬂﬁt@“ﬂ&mﬂm
The process chanber 502 has a bottom plate 521 5 sup Dy w5 *
substantially cylindrical support 520 awd sgpol.i ng wat er chanbers 522 are
formed in the bottomplate 521 to circul ate cooling water supplied through
a eooling water pipe 523 through them A suscepter 525 is nounted on the .

bottom plate 521 10 éhrough a heater 526 and these heater 526 and the
waf er - nount ed st afSads5 28y WASREID; 881, covern Aembag faqiudes &) Wadd7  The

"aai at 60 1 1 om ar ofhpEoF 58 Safr’ o Ropht LAME, iyt STl bRy 15

tenperature or 400 - [3en] rhy piiskaderdpthdf abparh el HeddRathgStap! y (not
shown). The wafer Won the stage

claim 18, wherein an inpulating layer, 3 mm or more
5 thick, is formed at loast on the inner side wall of the
chamber.

33. The plasma treatment apparatus according to
claim 18, further comprising a vaporizer for vaporizing
liquid material frem which the process gas is created,

10 wherein said vaporizer includes a housing provided with
a liguid material inlet communicated with a liguid
material supply supply and with a process gas outlet

+ communicated with the chamber, and a porous conductive
heating unit arranged in the housing.

15 34. The placma treatment apparatus according to
claim 33, wherein said vaporiszer includes vibrators to
vibrate the porous conductive heating unit.

35. The plasma treatment apparatus according to
claim 33, wherein said vaporiszer is arranged adjacent

20 to a process gas introducing section of the chamber.

36. The plasma treatment apparatus according to
claim 33, wherein said vaporizer is made integral to
the process gas introducing gection of the chamber.

37. The plasma treatment apparatus according to

25 claim 33, further comprising a bypass arranged between
the vaporigzer and the procese gas introducing section

wherein the process gas outlet of the vaporizer is



525 is heated to [err] or nmore by the heater 526. A
530 is arranged on the top of the wafer-nounted stafer

pol yi mi de 20 re &nﬁZ and a conductjve Tl ESERS BERM abl e
DC vol t age supply (mllm““mﬂsm nected 80 the c AAGEQ, 533/ A

det ect or section 538 *of ‘a feﬁberature sensor 537 is enbedded In
suscepter 525 to successively detect 25 tenperature in the

Suppl 1 60 o the nexpaPeESReTe dBRs Rt iy, RBACRe [P ymient ete 1 o
t he - 36 tenperg,trﬁagsﬁE Eiiﬁiiégﬁﬁi#%fiéafféﬁ% is connected to the

suscepter 525 through a nove I's up and down. Those
portions of a support pBaterie!@lasma treatment apparatus according to

claim 33, wherxein said porbus conductive heating unit
5 is a sintered ceramics,

39. The plasma treatment apparatus according to
¢laim 33, wherein a passage through which liguid
raterial flows is formed in the porous conductive
heating unit.

10 40, The plasmza treatment apparatus according to
claim 33, wherein & second gas introducing opening is
formed downstream the vaporizer and a gas mixing

+ passage through which plural gases are mixed extends
dowunstream the second gas introducing opening.

15 41. A plasma treatment method, substantially as
hereinbefore deacribed with reference to FIGS., 1 to 32
and FIGB. 35 to 41.

42. A mapufacturing method of 2 plasma treatment
apparatus, substantially as hereinbefore described with

20 refarence to FIGS. 1 to 32 and PFIGS. 35 to 41.



t hrough whi ch support pol es 544 and 545 are passed are 5 i '

bel | ows 547 and 548 to keep the process chanber 502 air-ti ghtTHIASHEREHASGIEEN
is freely detachably attached to the shower head 506. It is|{made Fiﬁpi-"CED
material of the PTFS (teflon) group, PFA- palyimde, PBI 10
(pol ybenzoi m dazol e) or pol ybenzoazol e, which are insul at ol-s—and—heai____
resistant. In the case of the plasma CVD apparatus the vvafer-m)unted sta e
525 is heated to about 350 - Jyef¥ ] aly heNt (¢ of plasm pr

Case of the heat CVD apparat uS pijt 15 I s jupual |y heated h

[err] or to about [err] The covgrj 560 is h‘?‘ﬂfore made of s

that can resist this rafaffon pgat. Ojﬂ |,+; FIG 19, a Iarge di arreter
opening 563 is fornmed in a pott ir 560. When the 20

cover 560 is atta h Jthe gas jetting apertures 511

of the shower he g
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t he opening 563. As shown in FIG 20, a plurality of ape t@;ﬁl&&%ﬁg;ﬁ%Bgﬁgol
be fornmed in the cover 560. These apertures 25 565 ar Lgngd W Th.

et s

A

those of the shower head 506 in this case. As shown in FIG 21, recesses

570 may be forned in - 37 - the outer,circunference of the shower head
506 while claws 571 are forned_on an.innér. circunterence 56is ShetHacBenReaced

506, as shown in FIG 22. The clavpORPWAFERTi tted-lRtio rec
this case while elastically ii-—-—-de-i-e-r-ad—ng—bhe—eev;r 560. _
571 are arranged on the inner circunferpnce 562 of the cover at a sare

i nt I h in FIG 22. - Y h 560 b
ia'?t :(r:\égd as hown in AS SH@&“&R@{@ES 23 _\%Zcover may be
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to the shower head 506 in such a way that bolts 575 are 10 3 C’i’b‘ﬂeﬁ\ | nto f'?
recesses 573 of the shower head 506 through a cover side 56‘2 Wl

descri bed how upper el ectrode cover is cleaned. Wen m xe d—gases [err] +

[err] for exanple, are 15 i ntroduced into the process. H&ﬁ%ﬂi hmm
formfilmon the wafer W reaction produg}s adhere to the- up

cover 560. As shwn in FIG 24, the top Tid 503 is opened and m*

is detached fromthe shower head 06 The

cover 560 i s then |

O the dry cl eani ng
may be conducted in [err] or

T Radiitii ot Raf R IkilARs [orr)
[err] gas is introdUV§ l “ THTHTDECHIR D RV “é"'k‘e!eping t he
cover 560 attached to t ’ ®. ! The time at which

t he cl eaning nmust be conducted is ows. The nunber of
particles
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contained in the gas exhausted through the exhaust pipe ’39‘  B16 |Sr~zw’” f
counted by the counter 517 and when it becones | arger than;a Ilnltbvaﬂhe !
the cl eaning of the cover 560 nust be started. As shown in’ BEE 7267 the™
underside of the top lid 5 503 may be covered by a cover—585,—n

addition to the shower head 506. CX the imner face of the P &pﬁ_,mmd
|t|on to the shower m‘lﬁ

502 may be covered by a cover

shown in FIG 27. An openlng:5
10 correspondi ng to the si4s
a cover 590 having a curved bo
si xth enbodi nent will be descr

f the process c
# used, as shown in FI G 28 A
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_ THIS SHEET HAS BEEN |
FIGS. 29 through 34. Sane conponents as those in the 15 abovwimkxﬁmm}bed
enbodi nents will be nentioned only when needed. As shown il ,

magnetron type plasma etching apparatus 600 has a rotary nagnet 627 above a —
and 603 are

process chamber 602. Upper and |ower el ec®rodes 624 20
opposed in the process chanber 602_ _Rrocess gases are mtro% ﬁmﬁﬁi‘r
a

supply supply 629 to the space befwedn the upper and the |lo

t hrough an MFC 630. The rotary m{ 627 serves to stir pl
bet ween both of the 25 el ect p@fles™N603 and 634. A suscepter assenbly

conprises an insulating plate 6§§, piiock 605, a heater bl ock 606,
- 39 _
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an electrostatic chuck 608 and a focus ring 612. A conductiV
the electrostatic chuck 608 is connected to a filter 610 an
hi gh.vol tage supply 611 by a | ead 609. The filter 610 is 5 -—H%eﬂeled—t—e———

cut high frequencies. An internal passage 613 in fornmed in t oljn
bl ock 605 and liquid nitrogen is circul ated between it and a iﬁﬂm ﬁme aced

suppty (not shown) through pipes 614 and_.64%. A gas passage_61

at tops of the suscepter 603, the 10 heater 617 and the coo

605, passing through the suscepter assenbly. The base end of the gas
passage 616 is communicated with a heat exchanger gas supply supply (not
shown) to supply heat.exchanger gas such as heliumgas to the underside of
the wafer W15 t ifr h its® The heater block 606 is arranged between the

suscepter 603 anda®tle ool i g‘ bl ock 605 It is shaped like a band-like ring
and it is several \gsag re5|stant heating unit. It is
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connected to a filter 619 and a power supply 620. 20 czmac AR .and
out er pipes 621la and 521b are connected to the suscepter?G@Bﬁ&ndﬁtﬁaﬁ¢

process chanber 602. They are conductive doubl e pipe., tle outBEPDNEE621az§;
of which is earthed and the inner one 621b of which is cémfsetredto a=hi-gh+
frequency power supply 623 via a 25 bl-ogki ng capacitor_622. The high

(N

frequency power supply 62 s an oscillator for oscillating the hig

h
frequency of 13.56 MHz. IneN\ gas is introduced from - She o
AN ance between the inner 621la u ﬂ
r pipe 621b. Except the upp

Supply (not shown) into a cl¥
of rﬁE~Q{scess chanber 602 is covered by

pi pe 621b and also into the
the inner faces of the 5
an
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i nsul ating protection layer 625, 3 nmor nore thick. Sinil r‘W’S#Hg érg
face of its side wall is covered by an insulating protectiqn IavB'{z %JQ Y3
mm or nore thick. 10 In the conventional magnetron type plasma
etching apparatus, the flow of electrons-tgends to gather near the inner
wal | of the process chanber, as shown n FIG 34. The fl ow @fis $lest HapBdemReplaced -
thus|rrad|ated|nad|rect|on W]—t-ha.t. the side wall cnﬁ ﬂ%

Lhe vabo descri bed E“mm
\é‘&ﬂas covered by t
e protected. Process gas

o-ddPar at us 600 will be
descri bed. A process gas suppl¥ pr je P &= Ol fected to the side wal | of

15 chanber, thereby damagi ng i
however, the si de wal | of the pp

i ntroduced from a
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process gas supply 629 into the process chanber 602 25
exhaust pipe 633 is also connected to the side wall of the froces
602 at the lower portion thereof to exhaust the process chardg®&
41 - an exhaust neans 631, which is prqygged with a vacuuw+p up—A—valbve———

632 is attached to the exhaust pipe 633. shownigp FIG 3
pl ate 635 is arranged between the outer cir h“?{‘lasBe‘i“@e 1i°ed

ngﬁﬁence of the
suscepter 603 and the inner wall cmﬁﬂ)er 602. |j llI

of the pro

634 are formed in the bafsl e pl ate . « W Of
or gas. As shown in FIG 1, eacli hollewbdduies *llffd. Therefore, the
conduct ance of gask= ) |passes 10 through tthe hol es 634 and
the gradient of electric | " " ‘ 1100
45 305 }
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field becones gentle accordingly. This prevents discharge fron1B T g
in the holes 634 and plasma fromflow ng i nward under the bafilﬁL;ugﬁ : )
As shown in FIG 32, holes 634a, 634b, 634c and 15 634d each havi Ry &=
sanme pitch may be forned in plural baffle plates 635a, 635b;—635¢—and635d—

to forma step- |ike exhaust hole 634A. Thi s exhaust hole 63 n.he
forimed when the baffle plates 635a, 6356, '%35c and 635d are plriagwe ° ced
the others in such a way that  th hol es 634a, 634b, 63 ,

are a little shifted fro30Rhsfr | df once. Wen Wmse exh

634A are fornmed, abnormal disfharge |n | asma can be nDre
effectively prevented. In € aBp&fatus, eagh hole 692 in 25
the baffle plate extends ofl ' as _ShoWwe= 3. These hol es
692 allow plasma to flow i Fd un e\a d abnornma

di scharges such as 424 44 : -

N
// 370 N
Z 325~ \\

FIG 16
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N LOEN
42 - sparkles to be caused in them therTlal g cqnt ami naf_’f_ﬁﬁ*and 3
particles. In the apparatus 600, hower, Fﬂl are directed towara————
t he exhaust opening 633. The reduction of can be 5 t hus
prevented. Wien the direction in which the turbo- punp 631 is driven is

made reverse to the flow of exhausted gas, {hat i's, when it is made
anticl ockwi se in a case where exhausted gaé floyws

exhausted gas can be raise to a further 10 <
wi |l be described g rring to FIGS.
formfilmon the Win this se

conponents as those i thesggov%{qlescrl h
menti oned only when ne

4i~t
541 ™
526+ sir
544 1 537 == | 51
‘ 523 \\ )

540D\ t 535 N340 [p
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546t y. [é"‘~546
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The plasnma CVD apparatus 700 has a cylindrical or rectan uTiéJESgT gé%BEE\'
chanber 710, in which a suscepter 712 is arranged to hol EPL ,
It is made of conductive material such as al um nium and i S 20

insul ated fromthe wall of the process chﬁrrber 710 by an i

714 A heater 716 which is connected to a power supply 718 is enbedded in

.The wafer Won it is heated to about [err] (or fil forﬁ;ﬂ&heetﬂaweeﬂk laced
— TR

terrperature) by the heate The process chanbeg,
wal | type in this case, but,__,,t may be of the hot |

chanber of the hot wall % an prevent gas from|b&dHy condensed and
st uck. - 43 - The el ectrostatlc chuck 11 is arrfanged on the suscepter
712. Its conductive film 12 is sandw che F,
506" ¢
4571 571~ R 562
bk, A r i \560
560
562

FI16 22

8§75 - 575
- ' JM- 562
562 il A

. 5860

FI16. 23



between two sheets of film made of pol ybensoi ni dazol e. r esi nisAsvart-ablesb:w;
hi gh voltage power supply 722 is 5 connected to the conduontvé ofd ¢ il N
A focus ring 724 is arranged on the suscepter 712 al ong thenouter FFhﬁ&' i
t hereof. A high frequency power supply 728 is connected to paace ot
712 via a matching capacitor 726 to apply 10 hi gh frequency power
havi ng a frequency of 13.56 or 40.68 Mtz 10 the suscepter 712. An upper

el ectrode 730 serves as " &M generator el ectrode and al s@hxa@me&ﬁWb@mR@laced

gas introduci ng passage. X a2 holl ow al um ni um nade 15
a plurality of apertugﬁg 7
(not shown) connected X

[err] by the heater. A q \
a vaporizer (VAPO 732 FSCFIBed referring to

are formed in its bottom It ha mb
8\ supply 731. It can be thus heated t'o about

505" |
502’\~: %
\
: 4525
’ \ \4 -
’ S IS N
FIG 24 ,
?8!
Y7
! 560 580




FIGS. 35 and 36. L| uid TECS is stored in a container 734. eb | By
form ng process, ' lgcedbw control ler (LMFC) 736 i,

a controller 758 t én the flowrate of liquid EOS” supplled
fromthe contalner porlzer 3% As shown in FIG 36, a porous
and conductive 44 - heating unit 744 Ts’housed in a housing 742 of the
vapofi zer 732. The housing 742 has ar 40,

inlet 738 is comunicated with the Ii %9 er 734.
The outlet 5 740 is comuni cat ed t he upper

el ectrode 730. The heating unit 744 i e — i - R S
!'!06__3::::::1.1 885 | +502

FI16 26 .
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i n which conductive material™~ such as carbon is contai ned,
It is preferab'?his]éﬂeetHasmﬁa&ﬁt In workability and in he

resistance. Ter attached to it and current is supplied from
a power supply 7
I S resistance- he err] Furthey - vibrators 15 748 are

h them Wen current is supplied to it, it
enbedded in the housing 742, sandw ching the heating unit 744 between than.
It is preferable that they are supersonic ones.;'-,'ll]_u wer supply 746 for
the heating unit 744 and a power supply (not sh¥#®wn) . §¢r the vibrators 748
are controlled by the controller 758. 20 | & M || be descrilg@y how
the vaporizer 732 is operated. Wen |igf¥d|TECS is|{3upplied fromtheN
container 734 to the vaporizer 732, it S i nt’ol es in the porous
heating unit 744 and it is heated and vapo&¥zed. 25 Because its contact
area wth the porous heating unit

nd i t REBLADEDUS.
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744 becones extrenely large, its vaporized efficiency chombs
hi gher, as conpared wth the - 45 - conventional vap {l zer S, .EL R

vibration is transmtted fromvibrators 748 to |iquid TECS eaugh{——by—%he——
heating unit 744 and in its holes. Heat_tigansfer face and "q"i’hﬂs}{e!ehia@bk&'ﬁrlaced

5 are thus caused Therefore, the border | ayer between the
transfer face of each) hole¢ in the heat Mg un|t 44 ang liquid Jlu&m ||| II
- R c

i's, the heat resistarce | pyer i theAresuIt

heat transmi ssion i sypro ] e vapori zed 10
efficiency of liquid TECS hn thi s case,
gas-li ke TECS i s noved~t Al between 63




inlet 738 and the outlet 740 and thus introduced into the
710 without using any carrier gas.

15

THIS SHEET He
r oceSEERMMBEI

A bypass 750 and a stop

valve 752 nmay be attached to the passage extending fromthe outlet 740 of

t he vapori zer,
burqer and 20
sensor
det ect whet her or

not gases are m xe
the sensor 756 to th

as shown in FIG 35. The b
cl ean-up unit (not shown) via a bypass'Vé Ve 754. The cl ean-

v

others to renobve unecegsary g&@?conponents
756 is also attached tﬁ?iJuLJxﬂﬁz fromthe
I qui d (MEQS s.coumlelaly. vapdri zed and whet her or

+$u$ent 25

CVD appar at us 70N

pass 750 is comnﬂmxmmfﬂmmdﬁR

Wil

ou

from

‘ﬁgxg descri bed
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ﬁéen 1a%edCarr| ed into the process chanber 7

S

THI

ST

] bﬁphﬁghge (S n

Ao BEZN

)

- 46 ;
decon‘E;'i“ 1 x 10-4 several Torr, and it is mounted on the -
suscept then heated to [err], fpr exanpl e, by the heater 5
716. the proc 9 in_this nmanner uid TECS is
vapor i zed by the vapor i Zof v/3P. High frequency power is applied fromthe
hi gh frequency power suppl 728 to the Iovxei el ectrode 712 to geperpsge
reactive plasnma in the pr( . Acthdfated 10 Speci es} i n {pl asma
reach the treated f ‘ éL form B TE] T
(pl asma-tetraet hyl | cate) f 3 Dl e, 748 [1 §°LLER
vaporizers will b scribed referri ig VAPH! G E7’[ ogigh 41. 15
As shown in PIG ,ar34pori zer ¥R . I'n 4l to an upper
el ectrode 730A of ja proce charrb‘ﬂ_tlo - edjintegral to the
upper 74
PP ~ 730
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el ectrode 73 4R RE Qprtlon thereof with an inte e;ﬁhanbee =N
770 formed un gﬁeet gﬁzl hg 20 742A has a gas o é‘f %Ldﬁ&ggé in

which a pIuraI es 772 are forned. A gas pi psl ,JYB—Lﬁs,-*m—

connunlcated di ate chanmber 770 in the uppéfmgrectrode 730A

to introduce second gas such as oxygen arl® +nert gases 25 intoit. A
bypass 750A extends fromthat portion of {he upper electrode 730A which is
opposed to the gas pi pep3pA6 to exhaust unhecessary gas fromthe upper 47
- electrode 730A. Furthe : a 8 ch a plurality
of apertures 778a, 778b a d 778c are fp @gﬁx gﬁgAji%gﬂrmelomer
portion of the inter . | posed
] \
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5 between theny.AS Sh &G .39 and 39, a liquidpsa

formed in a heating fhe case of a vapori zer

a center passage 78%HMU gﬁlﬁﬁlt 782b radically branchi

10 . ‘passage 782al i rmed in the heating unit 744B in this
manner, it enables liquid to be uniformy distributed in the whole of the
por.ous heating unit 744B thereby raisingpgas vaporized efficiency to a
further extent. 15 After liquid is vapgggped by a vaporizer 738C,

two or nore gases may be m xed, as shown in FIGs 40. A second gas supply
opening 784 is arranged dounstre e wapoci zgf

conponent such as oxygen gﬂaﬂ Eet “gages® | R §Uﬂp|'L| d toh hit. Agas 20
m xi ng duct 786 exten WnAL r eam 5.;.' age a'ﬁypgsg,j}SOC‘ WawW ng a bypass
val ve 754C, and a stop % 7Sg_C are fur} her; /ararlan.geﬁ o the | ower portion

of the gas m xing
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duct 786. A strip-like nenber 788 is housed in the gas ni |ng SothtET S BEEN
forma spiral passage 790 in it. 25 First and second gas cof‘r W are

fully mxed, while passing through the spiral passage 790, and they reach a

poi pt at whi ch the bypass 750 branches fromthe passage—e*t—eﬁdi—ﬁg—t—o—t-he-
side of the process chanber. In addition jo TECS (tetraet t]‘){&@ﬁe%hlzehﬁ

trichlorsllane [err] silicon tetrachl orT fd Terr] pentaetho
. Ta [err] 5 pent anet hoxyt ant al up ( PMOTa [err] tetras%mlﬂ [wl
(Ti [err] ) 4) tetradi nethylam um (TDVAT  :Ti (N [

tetraxi sdi et hyl am notitanium (T [errr] )2)4) titaniumtetrachl oride
[err] [err] and [err] 10 may d as I|qU|d material to be vaporized.

: 3
-
O
O
Q
QO
@)
Q
8 -
. O -
* :
O (>
O L
@ L
o
o
g .1..7‘ —
[+ ] hJ4 :. ote ‘
2 _ vl iR
S P . %
g_ NI S/ s oo

822

LMFC
!
Bi7




Further., Ba(DPM 2/ THF and [err] may be used as thin
formng nmaterial. Water [err] ethanol [err] tetrahyd
di et hyl al um ni unhydride (DVAH : [err] may al so be 15— VETalal

819 may be attached to a batch type horizontal plasm CVD apparat us 8', as
shdwn in FIG 41. This CVD appar at us 8002f el udes a pr ocess—chanber—814—

provided with an exhaust opening 810 and a 20 Aﬁrocess SR BhoBe @
812, a wafer boat 816 and a heater me ﬁid% Rect ed to
supply section 812 are a process gas S y ling or system} EHH‘MB m
container 815, a liquid nmass flow controljier 817 and _a vapo
vapori zer 819 25 I's substanti &fy sa I n arrangnt as the above-
descri bed one 732. As shown Fr&=42"la conventighal vaporizer 701
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- 49 - has a housing 702 which is kept under atnospheric pressure and which
is filled with a plurality of heat transmtting balls 703 each bei ng nade
of material, excellent in heat tranam ssion. These heat 5 transmtting
balls 703 are heated higher than the b0|I|no -0|nt_of liquid material by an
external heater means (not shdVHEEEAS : B3Eat e¥FIG 1htroduced

frombelow Carrier gas, -, dv wor zer 701 to carry
vapori zed process gases. %ﬁh MWt %&%ﬂvgﬁg %‘H %%rl zer 701,
however, gas flow rate v h

supply, that is, oversﬁabtlng I'S §§§§§d§°3§8? gghﬁgkégag 5&$E|%om19as
flow rates atta?&g@ a z at the
initial 15 tagghﬁf gas supgay anhs ?%haPchﬁggééegﬁé %gggggd on

5 chambexr (2}, ununtinq a wvafer on a suscepter (5),

supplying a process gas tc the wafer through a shower
electrode (21), applying high frequency power, which
has a first {requency f; lower than an inherent lower
ion tramnsit frequencies of the process gas, to the

10 suscepter (5), and applying high frequency power, which
has a second frequency £, higher then an inherent upper
ion transit frequencies of the process gas, whereby a
plaswa is generated in the process chamber (2) and

activated species influence the wafer.

This Sheet Has Been Reﬁ
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i VT LTATE T SEmeT )
the hori.zontal axis and gas flow rates on the vertical dxis. A curve P i
represents results obtained by the conventi onal vaporlZ%FP@@G?&hGﬁﬁEﬁQ.Hﬁy#
Q those obtained by our present vaporizer. As apparent fl-om =G
gas flow rate overshoots a predeterm ned one [err] in the case of the

conventional vaporizer, after the Lapse

f 10 - 20 seconds since th
ofygastis started. In the abovgs ori zer Repddcerenthahept Zgéﬁﬁﬁgg)
i nvention, however, it reache® . adetermned flowrate [err]
W t hout overshooting it. TFafgs: 1. A gla fa treatnent method of
plasma-treating a substrate,  whigh is 4o He Freated under deconpressed
at nosphere conpri si ng, ﬂ%engtepi fw S { C@ghausting a process
chanber so as to decgpprless 1 ¢ 1
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TTI T

t he process chanber 'rmunti ng the substrate, whichis torﬁh:&:ﬂm&&fzbé‘?%i‘rr:%“ A
| oner el ectrode; supplying a process gas to the substrate on Ez]ago] '
3L B e

| ower el ectrode through an upper el ectrode; applying hi ghpdte
which has a first frequency [err] lower than an inhere
frequenci es of said process gas, to the |ower electrode; and 15

appl yi ng high frequency power, which has a second frequency [err] higher
than an inherent upper ion transit fregyepci es of sqRiefldteReRsSheas.(10p10/08)

upper el ectrode, whereby a pl gSna 1 T d—TTTthe process chanber and
activated species influence the subfwgﬁt%%& to FeYeated. 2. The

pl asma treatnent nethod according to clajm 1, wherein said process gas is
formed of a plurality of ConppReft—gasestmmsaidiir frequency-[err]
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is the lowest of the inherent lower ion transit 25
conponent gases, and said second frequency f2 is the highe t&

3" The plasma treatnent nethod according to claim1,

ENESHEETSHI d
alf ﬁlﬁmﬁ

frequency [err] is lower than the second frequency f2. 4. The plasna
tf eat-ment nmet hod according to 5 cl agfm2l, wherei rRetpﬂ]aaceﬁnenttShfeequ@viw/QS)

[err] is set |ower than
than 10 MHz. 5. The pl 4y

the first frequency [m
second frequency f2 1
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range of, 10 MHz - 100 MHz, 6. The plasnma treatnent nethod accordlng to .
claim1, wherein high frequency conponents of said first,, f[e dqmﬁrﬁﬂsare

renoved from said high frequency 15 power applied to the upper .
electrode. 7. The plasma treatnent met hod according to claimi, wherein

hi gh frequency conponents of said seco requency f fir
f rrequency power entering into g Ci rcui tR%Pﬂé%qTSﬁg%ggt “ﬁ dr?rgg?
a power supply circuit servi g t i ~g\$hi gh frequency power, mhlch
has the first frequency [err] fofthe | o eLectrode. 8. The pl asma
treatment nethod according to ghgi m 1, Wﬂ:tmr conprising the steps of,
appl yi ng high 25 frequency AQere ?EQWE;Irequency sane as the
first frequency [err] amd whicH |s 2 udenjnydul at ed, to the upper

el ectrode.
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- 52 - 9. The plasna treatment nethod accordi ng to clliz’i;ﬁ‘*f‘cgf""ﬁfiau g
. conprising the steps of. applying high frequency povverl Wm’gl'ﬂ ﬁas a’ it
frequency sanme as the second frequency f2 and which is eﬂnﬁ1 t-ude: - ntdul at- ed,
5. to the I ower electrode. 10. The plasna tr'eat ment 0d according to
claim8, wherein anplitude nodul ati OE{,éf\s} carried puty bBndfdr ghégte(q)@/ml/gg)
triangul ar, rectangul ar and sawt ookh ef or ns or e|r conposi te waveform
10 11. The plasma treat met hod according to claim9, wherein
anplitude nodul ation is carrie to formone of sine, triangular
rectangul ar and sawt oot h wavefofns®or their ¥m05|te waveform 12. The
pl asma treatnment nethod accor&ng aiml, wherein one or nore
rn-rrn R

gases selected fromthe r
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“: . REPLACEMENT SHEE

group consisting of [err] [err] [err] [err] and CO gasgles are?l,jﬁﬁ@t e
process gas. 13. The plasnma treatnent nethod accordin b _IafW|11 Jur t hier
conprising the steps of, introducing 20 one or no

sel ected fromthe group consisting of [err] [err] and [err] gases into the
process chanber while keeping a ring and/or a baffl #&te at %g? t

1 ewer- el ectrode when plasma is stoppedﬁgﬁ%d dry clegﬁg eWﬂH3%ﬁ gﬁéiﬁvgg)
the baffle plate. 25 14. The plasma treatnent nmethod according to
claim1l1, further conprising the steps of, detaching the ring and/or the

baffI"'e plate fromthe | ower el ectrode _53 - when plasma is stopped; and
dry cleaning the_ri and/ o3t he baffle plate usi,ng at | east one or nore
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PEGUAGEMENT SHEET

cl eani ng gases selected fromthe group consisting af [er i 06T rBg&,nd [-err]
5 . 15. The plasma treatnent nethod according to:.-cl ai.m.l,..f-ust her
conprising the steps of, detaching the ring and/or the: baffleprate from
the | ower el ectrode when plasma is stopped; and wet cleaning the rin

and/or the baffle plate uging at |east762® cleani ngRepdacem Iﬁ'ﬂf}%n(ggmgé?@d

from-a group of isopropyl ohol, water and fl uorophosphoric acid. 16. The
pl asma treat nent nethod ac ding to claim1, further conprising the steps
of counting the nunber of p i cl es adhering to the substrate which has 15
been-treated in the process nber; __and cl eaning the ring and/or the
baffl e plate whil e keeping pl a st op when the nunber of particles
adhering becones |arger tha edet erm Ned vatue. 17. The pl asma
treatment nethod according to 2 claim1l1, further conprising the steps
of , counting the
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nunber of particles scattering in atnosphere exhausted fr()r% an*pr rrent
apparatus and/or at |least in one or nobre areas in an:exhaust pi pﬁ%an;d
cleaning the ring and/or the baffle plate while keep| ng.-pl.asne. stopped 25
witen t he nunber of particles becones |arger than a predeterm ned value. 18.
A plasma treatnment apparatus for - 54 - plasma-treating a substrate
which-is to be treated, under deconpres8f? at nospherReplasefantsphgst 510/10/95)
chanber earthed; neans for exhaustp.n,g__t_@]b_gha_gber S a | owner

el ectrode on which the substrate t0 e isa%unt ed; an upper
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;-q— r\.;g-v-r waead

oppose to the | ower el ectrode; means for supplying process P ¢€ @B
substrate, 10 on the lower electrode through the Upper e W_ang _________

mat ching circuit to apply high frequency power, mhlch has a flrst frequency
[err] lower than an inherent |ower ion B/f2hsit frequBeghacenentsSheett K40/10/95)
process gas, to the Lower electrode; a second pmww&ﬂ@upply connected to the
upper el ectrode through a second matchi ng ci to apply high frequency
power, which has a second frequency [err] hilg e tﬂéﬁ an i nherent upper ion
transit frequency of 20 43 the pgasee e e aet—el ectrode; first
filter nmeans for: =nDV|ng§h|gh f Hequerey ' e second frequency
[err] fromthe hig er applled to the | ower el ectrode; and

second filter neans for renovi IFN£¥1frequenc% 25 c(;:gaﬁnts of the
first fregency [err] fggpmthe 305
preneneed J—-:‘_‘__——-_._--———z-.—::‘-:h '

o0 V. 0 A wal. Y
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frequency -power applied to the upper el ectrode. 19.
appar atus according to claim18, wherein the first fil Or nRBANS.. S
connected to a first circuit, which connects a first| matechizn u@+&eu+@-g

the | ower electrode, at an end thereof and the first-eetrt—tnct U0ES a
first earthed capacitor at 5 the otfgghoend therepfy la@g,ger;thghéteetcpmj/m/gs)
filter means is connected to a second circuit, which connects the first
matching circuit to the u .d at an end thereof and the second
circuit includes, at the EE b a second (¥rt hed capaci tor and

an 10° I nduction coil conng 0. fNe secong capacitor. 20
C : ein said first
Ny

mmhasmswrr%ﬁ% Tt
0

The pl asna treatnent appar ag-us
filter means has an !

421

302«%: ‘

a2~




| npedance | arger than several k[err] relative to the:hrgh 15' frequency

power having the first frequency[err], and an inpedance st @%g %@ﬁ
several [err] relative to the high frequency power haMLﬂngh_ e d
fregency f2; and said second filter neans has an |npedance snarr

sever al [err] relative to the high frequei2ey power hﬂaphgeleﬂ:She@hélﬂlﬁHQS)
frequency [err] and an inpedance |arger than seyikbl k[err] (3&tive to the
hi gh frequency power having the second frequermcyi®srr] 2izxé S
treat ment apparatuggfor plasnma- treaggng : ' e tp be
treat éd, under 25 T \ deconpressed atnné (i si
eart hed; exhaust nean®for58%hadsti ng

whi ch the substrate is
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nount ed; an upper el ectrode arranged in the chanber to qppﬁ)se to the | ower
el ectrodes 5 means for supplying process gas to theq sy?m 3099 on
the | ower el ectrode through the upper el ectrode; a fi r$t cpower. .supply"
connected to the | ower electrode through a first nathW’To apply
hi gh frequency power, which has a firsty, f?gquency [eﬁyla&é}nent Sﬂég\e/epd/hgy%)
an_inherent lower ion transit frequency é t he proces ower
el ectrode; a second povveer.p.I.y connected to the el ectrode through a
second matching circuit to apply high frequency po whi ch has a second
frequency f2 15 hi gheHQ han” an i nherent upper ifo 570ansit frequency of
the process gas, to the upper | i tude nodul ator circuit
connected to the first and se nodul ate t he arrpl i tude

nd power sup

t
of the high frequency power h rp”t he fi rsgéé;*,_:? 562
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20 frequncy [err] to apply anplitude-nodul ated hi ghl| frmquersiEiticr the
upper el ectrode. 22. The plasma treatnent apparatus accprdi ng1t2)p§]-aﬁg§5'18,?§
wher ei n sai d exhaust neans exhausts the chanber to an i(jtenmal...pi€sstre of:
10-- 250 mTorr. 25 23. The plasna treatnent appsratas—according to
claim18, further conmprising a ring freely detachably attached_to thﬁaqﬁtsg
circunference of the lg €l ectrodel¥/82cause rea $R3‘ﬁCEIF%’E‘}u§I?%etCﬁ t18495)
by heat or plasma to KEQnot the | ower el ectrode but to the ring.
24. The plasma [err] ap according to 5 claim 18, further
conprising the ring free \achably attached to the outer circunference

of the |ower el ectrodel® reation products created by heat or
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pl asma to adhere not to the |ower electrode but to t E"’HT f
means for noving the | ower el ectrode 10 up and d Loget hex wi-th the
ring.- 25. The plasma treatnent apparatus according t CHTTRwEr e i t he
chanber has an opening through which the substrate to be treat ed is carried
in and out, and the ring in noved up anf © gown bet Weeﬂeﬁl e Sht ShedPehioA0%95)
and t he Iovver end of said opening by ghe S The—t

-*Il

R"-’PLACE:’&‘E

treat ment apparatus according to clai '-'f-:gj Ur THeT“Eonp ) & baffl e
pl ate attached to the outer circunferjfcclminmisi peinal-aiaegit | §ijJoned 20
hi gher than the upper and of said chajer ..f | ng, en thg ring igﬂa?lifted,
to shield the chanber opening fromplagma at¥N 27. d9¢ Pl
treat ment apparatus according to claim|26, further com)rl si ng anf exhaust
openi ng formed 25 in that portion| ¢f the dhanber sidg2gal | ichis
| ower
L
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than the'top O the lower el ectrode; and hol es forned

to adjust or rectify the flow of - 58 - - the process gasl, 2"?“‘53?’3 eadh
'St OvY

hole:in the baffle plate is tilted relative to the ver

t he process gas, which has passed through the hol es,

t

 edl - ax Hus g
G FFow TH & diTection

reverse to the direction in which 5 gzs I s exhaust ed bé/ a rotary u/qB
Beplacengg, shestt 9/ T0/95)

28. The plasnma treat nent apparatus accd ?%g to cla

baf fl e nmenber conprises plural plates in which h@.-’e"ns edch having a

others to shift their corresponding holeggaflittle L§forma step-1li

substantially sanme pitch are forned, and they are p}{sxéd one upon thego

hol e. 29. The plasma treatnent apparatusfgcdording [o
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REPLACEMENT SHrp- -

claim 18, further conprising a cover menmber freely defachabl.y %mc st t-0
t he upper electrode to cover a 15 peri pheral port)| &atet:hereof so as ¢

prevent reaction products from adhering to the upper = Y
pl asma treat ment apparatus according to, claim29, wherein th r

el ectrode has first engagew recesses or j ect &ps @3ﬁﬁ§ﬂm¥ﬁ gﬁgﬁn(ﬁ%@°’95)
out er «20 circunfegénceithereof, t he floer hﬁF second engagi ng

proj ections or recess fo erente thereof and
the cgver menber is made o
proj ettions or recesses 3
or projections while g
treat nent apparat us /4

recesses
1.~ "The pl asma

.....

2630
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-59- claim 29, wherein said cover nmenber includes a ma
upper inner wall of the chanber. 32. The plasnma treat
according to claim 18, wherein an insulating layer, 3 hﬁ%
thick, is formed at |east on the inner side wall of thé chamber. 33. The

pl asma treatment apparatus according to!®2& m 18, Renbacemgnﬁarshgehd1a/10/95)

vapori«zer for vapor|2|ng liquid naterlalr »¥n whi C1f 't he process gas is
created, 10 wherein said v§ "-|ng provided with a
l'iquid naterlal i nl ial supply supply and
with a process gas oufet. ni, e/ CrampeT 7 and. 34-por ous

84 Lhe plasma
|n133 mhereln sald,v&Qo‘lzer i ncl udes

heatlrEDaJnlt' - 602

t r eat ment apparatu‘.K
vibrators to vibrate

-1,507-
606
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35. The plasne treatnment apparatus according to claim 33,

I s arranged adj acent 20
36. The plasna treatnent apparatus accordi
to the process gas

treatnent apparatus according to 25
184Aded bet weeRe fae eHEROSh&

vapori zer
of tHhe chanber.

wherei n said vapori zer
section-of the chanber.

I's made integra
37. The pl asma

to a process gas intijoduci

'gDme

RERIACEMENT SHEET

Rt

.x.._.__

of Whorss)

claim 33, further conprising
the process gas introduci ng/3@ciion wherein the process yas—otitet
vapori zer is THI S SHEET K BEFN REPLACED sel ectively comunicgtd with
one of the bypass an OLMEg RBas intrcmhﬂ%ang section. 3B. Th pW?gna
treat nent apparatus @ccordi nmg—t 738l \ A
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Sttt irdloeend

cl ai m 33, wherein said porous conductive heating unit | REPLL 'F?%%f r‘?t"'EFed
b cla B, 19°’ :

ceram cs, 39. The plasnma treatnent apparatus accordin .
wherein a passage through which liquid material flown fs—forpe
porous conductive heating unit. 10 40. The plasmtreat mant
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selectively communicated with oné 6f the bypas& and the

process gau_intradhciaé:idétion.

38. The plasma treatment apparatus according to
claim 33, wherein said porous conductive heating unit
is a sintered ceramics,

39. The plasme treatment apparatus according to
claim 33, wherein a passage through which liquid
material flows is forwed in the porous conductive
heating unit.

40. The plasma treatment apparatus acccrding to
claim 33, whersein & second gas introducing opening is
formed downstream the wvaporizer and a gas mixing

passage through which plural gases are mixed extends

downstream the second gaa introducing opening.
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