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SPECI FI CATI ON TI TLE OF THE | NVENTI ON . PLASMA PROCESSI NG
THOD AND APPARATUS BACKGROUND OF THE I NVENTION 5 : The
~present invention relates to a plasm processi ng net hod and
apparatus for use in dry etching, sputtering, plasma CVD,. and the
li ke and, nore particularly, to a plasm processing nmethod and
appar at us of a high frequency induction system 10 I n
recent years, to effect processing or the |ike on a sem conduct or

el ement at a high aspect ratio by a dry™ % etching technique or effect

burying or the Iike at a high asp | a plasma CVD technique,
coping with devel opi ng dinensionagg#Figﬁgggﬁ%q sem conduct or el enents,

15 it has beepriegUbf el Orfife@sonP! asma processing in higher vacuum
PLASMA PROCESSING METHOD AND APPARATUS

BACKGROUND OF THE INVENTICHN

5 . The present invention relates to a plasma
processing method and apparatus for use in dry etching,
sputtering, plasma CVD, and the 1like and, more
particularly, to a plasma processing method and apparatus
of a high fregquency induction system.

10 In recent years, to effect processing or the like
on a semiconductor element at a high aspect ratio by a dry
etching technique or effect burying or the like at a high
aspect ratio by a plasma CVD technique, coping with
developing dimensional fineness of semiconductor elements,

15 it has been required to effect plasma processing in higher
vacuum.

For instance, in the case of dry etching, when a
high density plasma is generated in high vacuum, there is
a reduced possibility of collision between ions and neutral

20 radical particles in an ion sheath formed on a substrate
surface, and therefore directions of the ions are aligned
toward the substrate surface. Furthermore, because of a
high degree of electrxolytic dissociation, there results a
high incident particle flux ratio of ions to neutral

25 radicals arriving at the substrate. For the above-
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'Fdr I nstance, in the case of dry etching, when a hi gh density plasnma

s generated in high vacuum there is a reduced possibility of
-col |l i sion between ions and neutral 20 radical particles in an ion sheath
formed on a substrate surface, and therefore directions of the ions
are aligned toward the substrate surface. Furthernore, because of a
hi gh degree of electrolytic dissociation, there results a hi gh
incident particle flux ratio of ions to neutral 25 radicals arriving at
t he substrate. For the above- -2 -

- 2- menti oned reasons, etchin ni sotro I s i nproved by

gener ating hi J¥eRRNed, FRAEFRS| n g cABAFOTFRR®byS  IMPEPYRR RY
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generated i n N phbuiacibcBBe Bh5 95 be achRbvR'al N0 Lhpkientaad fine

pattern can b
Furthermore, in the case of plasma CVD, when a

S high density plasma is generated in high vacuum, an effect
of burying and flattening a fine pactern can be obtained by
the sputtering effect with ions, thereby allowing burying
to be achieved at a high aspect ratic.

As one such plasma processing apparatus capable

10 of generating a high density plasma under high vacuum there

has been known a plasma processing apparatus of a high

frequency induction system such that plasma is generated

within a vacuum vessel by applying a high frequency voltage

to a planar spiral discharge coil. A plasma processing

15 appagatus of this system causes a high frequency magnetic

field to be generated within the vacuum vessel so that an

induction electric field is generated through the high

frequency magnetic £field within the wvacuum vessel to

accelerate electrons for plasma generation. As such, by

20 increasing the intensity of the current flowing across the

coil it is possible to generate high density plasma under
high vacuum, thus obtaining sufficient processing rate.

A plasma processing apparatus of the high

frequency induction system is shown by way of example in

25 Fig. 8. In Fig. 8, evacuation is effected while a suitable
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“the sputtering effect wwth ions, thereby allow ng burying to be

-achi eved at a high aspect ratio. As one such plasma
.pr-ocessi ng apparatus capable 10 of generating a high density plasma under
hi gh vacuum t here has been known a pl asma processing apparatus of a

hi gh frequency induction system such that plasma is generated
within a vacuum vessel by applying a high frequency voltage to a
pl anar spiral discharge coil. A plasna processing 15 apparatus of this

system causes a high frequency magnetic" 3 - field to be generated within

t he vacuum vessel so that an duction electric fleld I s _generated
through the higpe is bef‘l"‘@'qbﬁﬁf?d%éﬂt@ fAi g?ﬂ“\i\‘l’t‘?ﬁ%?e]t e #BELRAMBYHEsel to

accelerate elegtrons for $iasna enerai h h i ncreasing the
intensity of tie"EHIeNtY 2cPBREITheY 2 li’c‘l(ﬂ‘1 gleq%erbcgés?%‘f%rto
generate high gensid y p%é?'@é&h‘l‘%rge coil@Na VI%HHH} Eg&.'?a?b&f‘éé‘ﬁ{%at us of

sufficient processing rat ashmma processing app
the hi gh éé?ﬁ@@.\épb@dacéh(m SN eRBri s §i@w PWwhiAk heexRb@tgod+n 25

Fig. 8 In Fig. 8 evacuation is effected while a suitable

5 of the vacuum vessel 1 is kept under adequate pressure,
. whereupon plasma is generated within the vacuum vessel 1,
it being thus possible to carry out plasma processing in
connection with such operations as etching, deposition, and
surface modification with respect to a substrate 5 placed
10 on an electrode 5. In this case, a high frequency voltage
igs applied to the electrode 5 by a high frequency power
source 7 for electrode, as shown in Fig. 8, whereby ion

energies reaching the substrate 6 can be controlled,
However, with the conventiocnal system shown in
15 Fig. 8§, one issue is that a large quantity of a reaction
product deposits on the dielectric plate, which gives rise
to dust generation and maintenance cycle deterioration.
Arother issue is that the atmosphere within the vacuum
vegsel is not stabilized, with the result that the system
20 can only exhibit poor reproducibility in plasma processing.
More gpecifically, in the case of plasma CVD, in
the course of thin film deposition on the substrate,
gimilar thin films deposit alsc on the dielectric plate.

In the case of dry etching, substances produced through an

25 etching reaction and/or a vapor phase reaction may become



*3- gas
£requency vol
[ .
-di-schar ge coi
dielectric pl
under adequat
vacuum vesse
in conne
surface nodif
el ectrode 5.
electrode 5 b
in Fig. 8 wh
control |l ed.

I's being introduced into a vacuum vessel 1, and a high
tage is applied by a high frequency power source 2

| to a planar spiral discharge coil 4 disposed on a

for

ate 3 while the interior 5 of the vacuumvessel 1 is kept
e pressure, wher eupon plasma is generated within the
1, It being thus possible to carry out plasma processing

ction with such operations as etching, deposition, and
ication with respect to a substrate 6 placed 10 on an

I | hi gly. f ) I ' | i
PR R SR PR SoL i Rl B Seeas

to the
shown

&5 Ede d g cyc&%\%gﬁgiﬁé f&ﬂgq]éaﬂ RS Ehsh' ?&éoéi@@r% R o

ver, wt the conventi ona ystem

15 Fig. 8, ongigsitkrens Bal, awhéh OEnhd Ui dinesdf oF BR3B! EQlm depoditoduct
he dielectric plate, which gives rise to dust generation

deposits on t
and nmmi nt enan

5

15

2Q

25

cexasedse detertaimt levmel, peeling may occur due to f£ilm
streas, resulting in péeled films £alling on the substrate
in the form of dust. In the conventional system shown in
Fig. 8, dust generation is 1likely to occur when only a
small number cf substrates is processed and this regquires
fregquent cleaning {(mainternance) of the dielectric plate
with pure water cor ethanol.

In the course of processing cycles being
repeated, changes cccur in the thickness of film deposition
as already mentioned, and this results in changes in
radical adsorption and in the atmosphere within the wvacuum
vessel, that is, partial pressures of reaction species,
which adversely affect the reproducibility of plasma
processing. An increase in the temperature of the
dielectric plate due to heating by high energy ions
impinging upon the dielectric plate is also a cause of a
change in thg rate of radical adsorption.

Moreover, with the conventional system shown in
Fig. 18, another issue is that as cycles of processing are
repeated in succession, the temperature of the dielectric
plate 3 rises due to heating by high energy ions impinging

upon the dielectric plate 3, with the result that the



Anot her issue is that the atnosphere within the vacuum vessel is not
stabilized, with the result that the system 20 can only exhibit poor

-reproducibility in plasma processing. More specifically, in
the case of plasma CVD, in the course of thin filmdeposition on the
substrate, simlar thin filnms deposit also on the dielectric plate.

In the case of dry etching, substances produced through an 25 etching
reaction and/ or a vapor phase reaction nmay becone
-4- thin-filmed on the dielectric plate. In the course of

In thickness
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from experiments that if electric discharge is effected
8 continuously for one hour by using Ar gas, the temperature
of the dielectric plate 3 will rise up to 200 °C.
Then, it was conceived to bond the discharge coil
4 to a ceramic plate or glass plate 15 as shown in Fig.19,
then mounting the ceramic plate or glass plate 15 cn the
10 dielectric plate 3. However, there occurred an issue that
the discharge coil 4 expanded due to temperacure rise with
the result that the ceramic plate or glass plate 15 became
fractured.
If the discharge coil 4 is deformed, the
15 distributicn density of plasma within the vacuum vessel 1
will become changed and this will deteriorate in-plane
uniformity of processing. Any breakage caused to the
ceramic plate or glass plate 15 may not only result in the

deformation of the discharge coil 4, but also may lead to

20 abnormal electric discharge in the atmosphere.

SUMMARY OF THE INVENTION
An object of the present inventicn is to provide
a plasma processing method and apparatus which is less

25 liable to dust generation, requires less maintenance, and



"smal | number of substrates is processed and this requires frequent
<l eani ng (mai ntenance) of the dielectric plate 10 with pure water or

~et-hanol . In the course of processing cycles being
repeat ed, changes occur in the thickness of film deposition as al ready
mentioned, and this results in changes in radi cal adsorption and in
the atnosphere within the vacuum 15 vessel, that is, partial pressures of
reaction speci es, whi ch adversely affect the reproducibility of plasna
processi ng. An increase in the teﬂﬁbrature of the dielectric

pl ate due to heating by high energy ions | Mpi hgi ng upon the

di el ectric pl &ibitqy sgog al}'§§r8fiu§1b2bit!6ha?lﬁe PHRITR rRRecedsingdi cal
adsor pti on. Mor eqver th the conventional system shown in

Fig. 18, anot RSaidanelily . ¢ i ""t?)'/:cl%"s BRe pPEREERE ngRKPREION 1gok8aied in
successi on, gﬁ: SHERChE f£§m§ r%éoﬁisg'iﬁlgg%&%g% and. aBHQI:%eC rv::hsz.eci} ‘i’:t & Lo

heating by hi energy ons r
with the resuljted Ntgdifi-ge coil stably fixed in position and is free
) from abnormal discharge possibility in the atmcsphere.

In acccomplishing these énd other aspects,
according to a first aspect of the present invention, there
is provided a plasma processing method wherein an apparatus
including a high frequency power source and a spiral

10 ischarge coil is employed,
the plasma processing method comprising steps of:
applying a high frequency voltage by the high
frequency power source to the discharge coil to generate a
high frequency magnetic field within a wvacuum chamber
15 through a dielectric plate so that electrons are
accelerated by an induction fieldldﬁe to the high frequency
magnetic field to generate plasma within the vacuum chamber
for processing a substrate; and
controlling a temperature cf the dielectric
20 plate.

According to a seccnd aspect of the present
invention, there is provided the plasma processing method
as set forth in the first aspect, wherein in the

controlling step, the temperature of the dielectric plate

25 is so controlled that the dielectric plate is heated by a



"adhesi on bond between t he di scharge coil 4 and the dielectric plate 3

is renoved, which gives rise to deformation of the discharge coil 4.
-1t- has been found fromexperinments that if electric discharge is

ef fected 5 continuously for one hour by using Ar gas, the tenperature
of the dielectric plate 3 wll rise up to 200 [err]C Then
It was conceived to bond the discharge coil 4 to a ceramc plate or

gl ass plate 15 as shown in Fig. 19, then nmounting the ceramc plate or
glass plate 15 on the 10 dielectric prkafe-3. However, there occurred an
| ssue t hat the di scharge coil 4 expanded due to tenperature rise with
the result thablephé&Rgefaydce 1B 6r °F BS¥epl ate 15 became fractured.

| f the discharge coil 4 |s_ def.orme the .15, distribution . density o
pl asma within the vacuurhvEEsErs) €s ' vmtpf'r%eca(ﬁﬁsec&aﬂSegﬂéendprﬁF?n%\/i N
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to the ceramc p e or gla late 15 may not nl'y resu In t
- as set forth in the first aspect for etching a silicon

5 oxide film, wherein the temperzture of the dielectric plate
is so controlled that the dielectric plate is heated to
150°C or more in the controlling step.

According te a Efourth aspect of the present
invention, there is provided the plasma processing method
10 as set forth in the first aspect for etching a silicon
nitride film, wherein the temperature of the dielectric
plate is so controlled that the dielectric plate is heated
tc 150°C or more in the controlling step.
According to a fifth aspect of the present
15 invention, there is provided the plasma processing method
as set forth in the second aspect, wherein the temperature
of the dielectric plate is so controlled that the heating
device for heating the dielectric plate is constructed by
a planar heater which satisfies the relation:
20 Sh < Sy x 0.4
where Sh represents an area of the planar heater; and Sy
represents an area of the dielectric plate.
According tc a sixth aspect of the present
invention, there is provided the plaswma processing method

25 as set forth in the first aspect, wherein the spiral



deformation of the discharge coil 4, but also may lead to 20 abnornal
£lectric discharge in the atnnsphere SUWWARY OF THE | NVENTI ON

- Arr obj ect of the present invention is to provide a plasma processing
met hod and apparatus which is less 25 |I|iable to dust generation, requires
| ess mai nt enance, and exhi bits good reproducibility of

pl asma processi ng. Additionally, an object of the present invention is
to provi de a plasma processi ng nmethod and apparatus which has its
di scharge coil stably fixed in position-ghdis free 5 fron1abnorna

di schar ge p055|b|I|t in the at nospher.e | n acconpl i shing
these and ot hedt coil is ‘tﬁ‘r}@ 1) Eh‘PH%Pﬁdép@Hi-tb!’l‘Fh%be@sent

i nventi on, theggém is provi ded a plasma processi ng net hod wherein an
appar at us '

According to a seventh aspect of the present
invention, theré is provided the plasma processing method
S as set forth in the first aspect, wherein in the
controlling step, the temperature of the dielectric plate
is adjusted while the temperature of the dielectric plate
is being monitored.
According to an eighth aspect of the present
10 invention, there is provided a plasma prccessing apparatus
comprising:
a spiral discharge coil;
a high frequency power source for applying a high
frequency voltage to the discharge coil to generate a high
15 frequency magnetic field within a vacuum chamber through a
dielectric plate so that electrons are accelerated by an
induction field due to the high frequency magnetic field to
generate plasma within the vacuum chamber for processing a
substrate; and
20 a controller for controlling a temperature of the
dielectric plate.
According to a ninth aspect of the present
invention, there 1is provided the plasma processing
apparatus as set forth in the eighth aspect, further

25 comprising a heating device for heating the dielectric
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the plasna processing nethod conprising steps of:
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h frequency voltage by the high frequency power source

ge coil to generate a hi gh frequency magnetic field
m chanmber 15 through a dielectric plate so that
accel erated by an induction field due to the high

magnetic field to generate plasnma within the vacuum chanber
a substrate; and -9 - controlling a tenperature of

20 plate. According to a second aspect of
PlaFﬁthPh0¥F3#%§§ﬂ§el§eﬂF®V|ded t he pl asma processing met hod

n the first aspect, ereinint controlling step,
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dielectric p'akﬁeiécéﬁféfﬁiéﬁé %o that the dielectric plate is heaced by
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the heating device to 80°C or more.
According to a tenth aspect of the present
invention, there is provided the plasma processin

apparatus as set forth in the ninth aspect, wherein the

~ heating device for heating the dielectric plate is

10

15
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25

constructed by a planar heater which satisfies the
relation:

Sh < Sy x 0.4
where Sh represents an area of the planar heater; and Sy
represents an area of the dielectric plate.

According to an 1lith aspect of the present
invention, there is provided the plasma processing
apparatus as set forth in the eighth aspect, wherein the
spiral discharge coil is partially or wholly of a multiple
spiral form.

According to a 12th aspect of the preseant
invention, there is provided the plasma processing
apparatus as set forth in the eighth aspect, further
comprising a pressure mounted thermocouple, dispesed on a
gide of the dielectric plate, for wmonitoring the
temperature of the dielectric plate.

According to a 1i3th aspect of the present

t he



nheating device to 80[err]C or nore. According to a third

aspect of the present I nvention, there is provided the plasm
-‘pr-ocessi ng net hod as set forth in the first aspect for etching a
silicon 5 oxide film wherein the tenperature of the dielectric plate
Is so controlled that the dielectric plate is heated to 150[err] C or
nore in the controlling step. According to a fourth aspect
of the present i nvention, there is provided the plasna processing
method 10 as set forth in the first asp8ct for etching a silicon
nitride film wherein the tenperature of the dielectric plate is so

control | ed that?YeREiATel edthek® piid: e PROVAASHedthe Pilggma sPEPGIRSINS nore

in the control]lin tep. . According to a fifth . aspect of

the present  TRPPRRIH ih SSndFehs 15y SURGERoPhE APRRTR: pritiist i Shet hod
as set forth i p ; LR zhe,t Sk Y &1 he
di el ectric pl a{g}'llt%i s%%gg%fggl ﬁga%l tﬁ\%ﬁkgﬁg'ﬁeg?iaﬁg@é'aﬂ‘ ¢ gé\ant%ef?lgée eating
the dielectricypitf discHaRge B6180eDYing grocdel! anar heater which

satisfies the relation:

5 According to a 14th aspect of the present
invention, there 1is provided the plasma processing
apparacus as set forth in the 13th aspect, wherein the
ceramic plate has a thickness of 5 mm or less and an area
of 350 cm? or less, and wherein the ceramic plate is

10 comprised of a free-cutting ceramic material.

According to a 15th aspect of the present
invention, there is provided the plasma processing
apparatus as set forth in the 13th aspect, further
comprising a heating device for heating the dielectric

15 plate, the heating device being constituted by a planar
heater provided between the ceramic plate and the
dielectric plate.

According to a 16th aspect of the present
invention, there is provided ¢the plasma processing

20 apparatus as set forth in the eighth aspect, wherein the
spiral discharge colil is mounted on a glass plate formed
with a discharge ceil fixing groove.

According to a 17th aapect of the present
invention, there is provided the plasma processing

25 apparatus as set forth in the 16th aspect, wherein a

4



" 20 Sh < Sy x 0.4 where Sh represents an area of the planar

heater; and Sy represents an area of the dielectric plate.
.“According to a sixth aspect of the present i nvention, there is
provi ded the plasnma processing nethod 25 as set forth in the first
aspect, wherein the spiral di scharge coil is partially or
whol ly of a nultiple spiral form According to a
sevent h aspect of the present i nvention, there is provided the plasna
processing method 5 as set forth in-tRé& first aspect, wherein in the
controlling step, the tenperature of the dielectric plate I s adj usted

whi | e the tenpeiftpsshrk f8e(gaptPIate Lt & ™ o) deF8 ng nonitored.

According to an eighth %Sc%%%hig& e BhesENl, aspect of the present

invention, there 1is provided the plasma processing

apparatus as set forth in the 1éth aspect, further

5 comprising a heating device for heating the dielectric

plate, the heating device being constituted by a planar

heater provided between the glass plate and the dielectric

plate.

According to a 15th aspect of the present

10 invention, there is provided the plasma processing

apparatus as set forth in the eighth aspect, wherein the

spiral discharge coil is mounted on a free-cutting ceramic

plate formed with a discharge coil fixing groove and

divided into plural parts, and a glass plate or a caramic

15 plate ig disposed between the free-cutting ceramic plate
and the dielectric plate. |

N According to a 20th aspect of the present

invention, there is provided the plasma processing

apparatus as set forth in the 19th aspect, wherein a total

2@ area of the plural divided parts of the €£ree-cutting

ceramic plate is larger than 350 cm?; a thickness of each

divided part of the free-cutting ceramic plate is 5 mm or

less; and an area of each divided part of the free-cutting

2

ceramic plate is 350 cm® or less.

25 According to a 21st aspect of the present



10 invention, there is provided a plasnma processi ng apparatus

conpri si ng: a spiral discharge coil; a high
-‘fr.equency power source for applying a high frequency voltage to the
di scharge coil to generate a high 15 frequency magnetic field within a
vacuum chanber through a dielectric plate so that electrons are
accel erated by an I nduction field due to the high frequency nmagnetic
field to generate plasma within the vacuum chanber for processing a
substrate; and 20 a control-lee for controlling a tenperature of
t he dielectric plate. According to a ninth aspect of

the present  invemiuam. orthexieer dsi s pyovurddd the pbass®a prprecsssing
apparatus as set forth in the eighth aspects, further 25 conprising a
heating devi cePPRATHEH | AB E8E dfRrdet Ifc the 15th aspect, wherein a

thickness of the glass plate or ceramic plate is 5 mm or
less.

5 According to a 22nd aspect of the present
invention, there is provided the plasma processing
apparatus as set forth in the 13th aspect, further
comprising a planar heater provided between the glass plate
or ceramic plate and the dielectric plate.

10 According to a 23rd aspect of the present
invention, there is provided the plasma processing
apparatus as set forth in the 13th, 16th, and 19th aspects.,
wherein a gecond ceramic plate or glass plate is digposed
above the spiral discharge coil.

15 According to a 24th aspect of the present
invention, therse is provided the plasma processing
apparatus as set forth in the 13th, 16th, and 13th aspects,
wherein the spiral discharge coil is partially cr wholly of
a multiple spiral configuration,

20 According to a 25th aspect of the present
invention, there is provided a plasma processing apparatus
comprising:

a spiral discharge coil wounted on a ceramic or
glass plate formed with a discharge coil fixing groove; and

25 a high frequency power source for applying a high



= 0- plate wth resistance heat, wherein the controller

controls the tenperature of the dielectric plate so that the
-di-electric plate is heated by the heating device to 80[err]C or npre.
5 According to a tenth aspect of the present i nventi on,
there is provided the plasm processing apparatus as set forth in the
nint h aspect, wherein the heating device for heating the dielectric
plate is constructed by a planar heater which satisfies the 10
rel ation: Sh < Sy x 0.4~ 13 sphere Sh represents an area of
t he pl anar hea e r Qf ct.ri | at e.
Accolrodl ng to Egéqu%?%%dpte&e Eg pgﬁ% {)grszcs}gdr% i %‘\3/2% I on, t% %hhf%ﬂ '
provided the ¢ n a0Pa &t €, €l ght h
aspect, wherein tﬁégﬁcy%spr raIc grlglé avrge coral U?gé%gfﬁaﬁkf&t grhlw\%ﬁ%fll y of a
nul tiple §pb1abtf9E Nplate so that elechtopisdiare aheewaraé@ahb agpect of

the present 20 invention, there is provided the plasm processrng
induction field due to the high frequency magnetic field to

S generate plasma within the vacuum chamber for processing a
substrate.

Through such controlling the temperature of the
dieiectric plate, it is possible to substantially reduce
the thickness of a thin film to be depcsited cn the

10 dielectric plate as compared with the case in which no such
controlling is carried out. When the temperature of the
dielectric plate is so controlled that the dielectric plate
is heated by a heating device to 80°C or wmore, it is
possible to inhibit dust generation since the film is more

15 dense in quality than in the case where a lower temperature
ig used. Thus, the frequency of maintenance ragquired with
respect to the dielectric plate can be noticeably
decreased. When processing cycles are repeared one after
another, changes, if any, in the thickness of films

20 dsposited are insignificant, and the rate of radical
adscorption will remain low without any appreciable change,
because the temperature of the dielectric .plate is kept
high. Thereﬁore, the atmosphere within the vacuum chamber,
that is, partial pressure of reaction species, is kept

25 stable, and this enables effective plasma processing with



apparatus as set forth in the eighth aspect, further conprising a

pressure nounted thernocoupl e, disposed on a side of the dielectric
-pl-ate, for nonitoring the tenperature of the dielectric plate. 25
According to a 13th aspect of the present

- 10 - i nvention, there is provided the plasma processing

apparatus as set forth in the eighth aspect, wherein the spiral

di scharge coil is nmounted on a ceramc plate forned wi th a discharge
coi | fixing groove 5 Accordthg™ to a 14th aspect of the

pr esent I nvention provi ded the plasnma processing

appar at us as e 6FFﬁde ?hé113¥h aspect, mherein the ceramc plate
has a thickness of 5 Mueok@tfy 3 32 86824 and DurtpOabBLeLs]ofleieess,
and wherein the ceramc plate |% conprlse ree- cu |ng ceran1c
material . present invention, in the case of plasma processing for

gilicon o:f.ide film etching or silicon nitride film etching,

5 the dielectric plate is heated to 150°C or more, and this

provides, in addition to the above mentioned advantage, a

further advantage that adsorption of CF-based r;dicals,

such as CF and CF,;, on the dielectric plate is noticeably

decreased so that deposition of CF-based polymers on a

10 substrate polysilicon is enbanced, which results in

improvement in the select ratic of silicon oxide film or
silicon nitride £ilm / pol?ailicon for etching.

According to the fifth and ninth aspects of the

present invention, where the device for heating the

15 dielectric plate is constructed by the planar heater

operative for electric resistance heating, the heating

arrangement for the dielectric plate is wvery much

simplified. Assume that the area of the planar heater is

sh and the area of the dielectric plate is Sy. TIf the

208 relation Sh < Sy x 0.4 holds, a high frequency magnetic

field due to the spiral discharge coil is produced within

the vacuum chamber without being interrupted by the planar

yesistance heater. 'Thus. electric discharge can be well

maintained. It has been found that if the foregoing

25 relation is not satisfied, electric discharge may be



iAccording to a 15th aspect of the present I nvention, there is provided
the plasma processing apparatus as set forth in the 13th aspect,
“further conprising a heating device for heating the dielectric 15
pl ate, the heating device being constituted by a planar heat er
provi ded between the ceramc plate and the dielectric plate.
According to a 16th aspect of the present I nvention, there is provided
the plasma processing 20 apparatus as set forth in the eighth aspect,
wherein -t he spiral discharge coil -i 3snmeunted on a glass plate forned
with a discharge coil fixing groove. ) According to a 17th
aspect of the ‘\Preike; somengefiliessed thigh frequepsyi dven hmayplkssma
processing 25 %gpar tus as,set forth in the 16th gﬁfectﬂ wherein a
produced; and in some extreme case, electric discharge
cannot be maintained.
According to the sixth and tenth aspects of the
5 present invention, preferably, the spiral discharge coil is
partially or wholly of a multiple spiral shape so that the
spiral discharge coil can be of low inductance.
According to the seventh and 1i1th aspects of the
present invention, the temperature of the dielectric plate
10 can be maintained high through temperature control of the
dielectric plate while the temperature of the dielectric
plate is being monitored, Thus, adsorption of radicals on
the dielectric plate remains low without any substantial
change. Therefore, the atmosphere within the vacuum
15 chamber, that is, partial pressure of reaction species is
kept stable and thus plasma processing can be carried out
with good reproducibility.
According to the 1ith aspect, for the purpose of
temperature control of the dielectric plate to be carried
20 out while the temperature of the dielectric plate is being
monitored, the pressure contact type thermoccuple may be
mounted to the side of the dielectric plate. By so doing
it is possible to reduce the effect of high frequency noise

and, thus, temperature contrcl can be performed with less

25 malfunction possibility. This, coupled with the fact that



thi ckness of the glass plate is 5 mmor |ess. According to

an 18th aspect of the present I nvention, there is provided the plasm
-processi ng apparatus as set forth in the 16th aspect, further 5
conprising a heating device for heating the dielectric pl ate, the
heati ng devi ce being constituted by a pl anar heat er provi ded between
the glass plate and the dielectric pl at e. According to
a 19th aspect of the present 10 invention, there is provided the

pl asma processing apparatus as set ¥orth in the eighth aspect,
wherein the spiral discharge coil is nounted on.a free-cutting ceramc
blate formed Wif BEESSRFS,SEREART FYRS nERGFERRRUEHR) Bas doRd HRRFTH: o

I I : d ] ] 5 I is_di db
D 1 ol7CL 5t H e g pRaBed SEONE chipalatlSel Softppsed betueen
According to a 20th aspefécogfgg_g?etgr R8Nt 3¢n an&ngggﬁiﬁgpﬁ%ﬁ'r € i Seyy ovi ded

the plasnma processing atus as sgtﬁforth Int aspect,
wherein a totabverd) o8’ @ayofrilshe il Wind eéapaiat par tee ofhd hgié1eeeettiting

ceramic plate is larger than 350 cnferr]; a thickness of each

5 plate due to heating by high energy ions impinging upon the
dielectric plate, the engagement between the discharge coil
and the ceramic plate is not liable to be damaged, nor is
the discharge coil liable to become deformed. Even if the
discharge coil should expand due to temperature rige, the
10 cerxamic plate is not 1liable to breakage because the
discharge <¢oil and the ceramic plate are not in adhesion
bornd, that is, the c¢oil can move in the groove in

accordance with the expansion of the coil.
According to the 1l4th aspect, the ceramic plate
15 is preferably comprised of a free-cutting ceramic with a
thickness of 5 mm or less and an area of 350 cm? or less.
If power efficiency is considered, the ceramic plate formed
with the discharge coil' fixing groove is preferably less
thick. This fact is described in detail in, for example,
20 J. Hopwood, ‘YPlanar RF induction plasma coupling
efficiency”, Plasma Sources Sci. Technol, 3 (19%4), pp.460-
464. Already, it has been verified that where the area of

2 or less, no cracks will occur

a ceramic plate is 350 cm
with the ceramic plate, even if the ceramic plate is made

25 of an inexpensive, free-cutting ceramic material and is §



di vided part of the free-cutting ceramic plate is 5 mmor | ess;
area of each divided part of the free-cutting ceramc plate is 3
-cn{err] or less. 25 According to a 2l1st aspect of the
pr esent - 12 - i nventi
there is provided the plasm processing apparatus as set forth i
19t h aspect, wherein a t hi ckness of the glass plate or ceramc p
is 5 mmor | ess. 5 According to a 22nd aspect of
pr esent invention, there is provided the plasma processing

apparatus as set forth in the

further . conprising a

ot t,
heater provi def™o&we ?F?héngFgégnﬁgéggé Thexgforg, o e TSGR i FRE
di el ectric plaggram}g plate is 3SOA§§DE>|Tgsstfh é%e%%rghe%§3%&ﬁ£9£lgpg

pr esent

10

20

25

may be of a free-cutting ceramic material and 5 mm or less
in thickness, whereby the plasma processing apparatus which
is inexpensive and exhibits good power efficiency can be
provided.

According to the 15th aspect, preferably, the
planar heater is provided between the ceramic plate and the
dielectric plate. By so doing it is possible to stabilize
the temperature of the dielectric plate, prevent dust
generation, and achieve maintenance cycle improvement.

According te the 16th and 25th aspects, the
planar spiral dischargs ccil may be provided on the glass
plate formed with the discharge coil fixing groove. The
use of the glass plate in place of the ceramic plate in
this way will provide the gimilar effect. According to the
17th aspect, as in the case of the ceramic plate, the glass
plate may be S mm thick or less, whereby the plasma
proceasing apparatus which exhibits good power efficiency
can be obtained. According to thel 18th aspect, the
provision of the planar heater between the glass plate and
the dielectric plate can provide the same effect as earlier
mentioned. _

According to the 19th aspect, the planar spiral

discharge coil may be mounted on the free-cutting ceramic

and an
50

on,
n the
| at e

t he

pl anar



Fnvention, there is provided the plasma processing apparatus as set

forth in the 13th, 16th, and 19th aspects, wherein a second ceramc

plate or glass plate is disposed above the spiral discharge coil. 15
According to a 24th aspect of the present i nvention, there is
provided the plasma processing apparatus as set forth in the 13th,
16th, and 19th aspects, wherein the spiral discharge coil is partially
or wholly of a multiple spiral configuration. 20 Accordi ng
to a 25th aspect of the present - 1Bnvention, there is provided a

i schar e coi 1PHEh B oOnTa femed HIbR the digcharapcpid Fimiey Gree

di scharge col | o AN LR, W pPira1 parte, acd TndglL88USIGY PO°T
ceramic plate is digposed between the free-cutting ceramic
plate and the dielectric plate. Through this arrangement,

S in the event of any rise in the temperature of the
dielectric plate due ¢to hea.ting:' by high energy ions
impinging against the dielectric plate, the engagement
between the discharge coil and the free-cutting ceramic
plate is not liable to be damaged, nor is the discharge

10 c¢oil liable to become deformed. In che case where the
free-cqutting ceramic plate is divided into parts, the
presence of the glass plate or ceramic plate prevents any
possible occurrance of abnormal electric discharge in the
atmosphere.

15 According to the 20th aspect, in the case where
the total area of the free-cutting ceramic plate divided
into plural parts is larger than 350 <m?, each divisional
part of the free-cutting ceramic plate should be 5 mm or
less in thickness and 350 cm® or less in area, and

20 according to the 21st aspect, the glass place or ceramic
plate should be 5 mm or less in thickness. Through this
arrangement, it is possible to provide the plasma

processing apparatus which eliminaces any posasible
occurrance of cracks with the free-cutting ceramic plate in

25 cthe same manner as earlier menticned, and which is less



frequency voltage to the discharge coil to generate a high frequency
magnetic field within a vacuum chanber through a dielectric plate so
that electrons are accel erated by an i nduction field due to the high
frequency magnetic field to 5 generate plasma within the vacuum chanber
for processing a Substrate. Thr ough such controlling
the tenperature of the dielectric plate, it is possible to
substantially reduce the thickness of a thin film to be deposited on
the 10 dielectric place as conpared wi flB the case in which no such

controlling is carried out. \Wen the tenperature_of the dielectric
plate is so coNReNTice ARG ICIhEXDLBLEIPIL Bowar = Eficiqncyhe Aeepding
heating device to 80[§%r C_or re, it is . . po%st |l e t.o inhibit dust
generation sint® FA® PEPREFe T8 BFSYIEIPR Qbalti® BARDRE F¥3hPTase
where a | OWer GRAIALHECG1ass pIACHSEH collific bRgel T eRGYapl: JRI N enance
required with respect to f%e i 2F ectrrc prate can be noticeably

decreased. WieThd¥ QA5 9188 BY6VE8e HiEe SRAIRd a@Ransh§e! anot her,
changes, if any, in the thickness of films 20 deposited are

insignificant, and the macerdbhgramh cabe 23rdidasppttpn s | bheergtiovd ow
W t hout any appreci abl e change,
described arrangement, the second ceramic plate or glass
plate may be provided above the planar spiral discharge
colil. This provides more firm erngagement between the
discharge coil and the ceramic plate or glass plate which
10 is formed with the discharge coil fixing groove, and can
therefore serve to mere effectively prevent any deformation
of the discharge coil. Further, according to the 24th
aspect, by arranging that the planar spiral discharge coil
is partially or wholly of spiral configuration, it is

15 possible to provide the plasma processing apparatus having

good matching characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other aspects and features of the
20 present invention will become clear from the foilowing
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:
Fig. 1 is a schematically perspective view

25 showing the arrangement of a plasma processing apparatus



" because the tenperature of the dielectric plate is kept
_Therefore, the atnosphere w thin the vacuum chanber,

hi gh.

that is, partial
. pressure of reaction species, is kept 25 stable, and this enables

effective plasma processing with good reproducibility.
According to the third and fourth aspects of the present invention, in
t he case of plasma processing for silicon oxide filmetching or
silicon nitride film etching, 5 the dielectric plate is heated to

150[err] C or

menti oned advant age, a

radi cal s,
noti ceably

10

15

20

25

nore, and this provi de20 #n addition to the above

ageRTAiRg G° andicsteprhodigienth@ilitiiecorrEenp dreention;

further advantage that adsorption of CF-based

decreased, so that deposition of CFbased polynpers on a 10
substrate polysilicon BiE- efhand®&d, @ wieCRiopaly| viev| nshowing b enent

'n the sel ect éﬁa}"ar?geonﬁensﬂ L'fcgt{]e %)f.'agt%afﬁnlrorgeogsing apparatus of the first

embecdiment ;

Fig. 2B is a sectional view showing a pressure
contact type thermocouple disposed on a side of a
dielectric piate in the apparatus;

Fig. 3 ig a plan view of a planax heater in the
plasma processing apparatus of the firsc embodiment;

Fig. 4 is a graph showing measurement results for
thickness of films deposited on a dielectric plate of the
first embodiment;

Fig. 5 is a graph showing measurement results for
silicon oxide film/polysilicon etching select ratio;

Fig. 6 is a plan view of a planar spiral
discharge ceoil in a second embcdiment of the present
invention;

Fig. 7A is a structural diagram of a plasma
processing apparatus according to a third embodiment of the
present invention;

Fig. 7B is a sectional view of the apparatus in
Fig. 7A;

Fig. 8 is a perspective view showing a schematic
arrangement of a conventional plasma processing apparatus;

Fig. 9 1is a sectional view showing the



silicon nitride film/ polysilicon for etching. According to

‘device for
pl anar heater

the fifth and ninth aspects of the present invention, where the
heating the 15 dielectric plate is constructed by the

operative for electric resistance heating, the heating

arrangenment for the dielectric plate is very nuch sinplified. Assune
that the area of the planar heater is Sh and the area of the

dielectric plate is Sy. If the 20 relation Sh < Sy x 0.4 holds, a high
frequency magnetic field due to the23prral discharge coil is produced

Wi thin

t he vacuum chanber w thout being interrupted by the planar

resi stance heaAx¥angement of| acPlasnyi BEIRSHEL I ALPArabks representing ned.
It has been fou%%§$gglif t.he foregoing 25 relation is not satisfied,

el ectric dischr
requency power may be

5

1i¢

15
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25

gpodiment of the presgnt; iBVERTLEBRE refl ected high f

Fig. 10 is a sectional view showing a modified

form of the plasma processing apparatus of the fourth

embcdiment ;

Fig. 11 is a sectional view showing the
arrangement of a plasma prccessing apparatus according to
a £ifth embodiment of the present invention;

Fig. 12 is a sectional view showing a modified
form of the plasma processing apparatus of the £ifth
embodiment ;

Fig. 13 is a sectional view showing the
arrangement of a plasma processing apparatus according to
a sixth embodiment of the present invention;

Fig. 14 is a plan view showing the configuration
of a free-cutting ceramic plate in the plasma processing
apparatus of the gixth embodiment;

Fig. 15 is a sectional view showing a modifiad
form of the sixth embodiment,

Fig. 18 is a sectional wview showing the
arrangement of a plasma processing apparatus according to
a seventh embcdiment of the present invention;

Fig. 17 is a plan view showing the configuration
of a free-cutting ceramic plate in a plasma processing

apparatus of an eighth embodiment;



) pfoduced; and
_mai nt ai ned.

partially or wholly of a nultiple spiral shape so that the spi ral

di scharge coi

dielectric

pressure of r AT

I n some extrene case, electric discharge cannot be

According to the sixth and tenth aspects of the
"5 present invention, preferably, the spiral discharge coil is

can be of |ow inductance, According to the
seventh and 11th aspects of the present invention, the tenperature of
the dielectric plate 10 can be maintained high through tenperature
control of the - dielectric plate whi22 the tenperature of the
plate is being nonitored. Thus, adsorption of radicals on
the dielectric plate ref&fnsl8d ol® @ tSesirions) IupYt akeYHERIT 2 sc :
Therefore, the atnosphere within the vacuum 15 chanber, that is, partial
LUENCS 3t =

F nventlﬁﬁi

BN PERGST AtRI ARRGTR “Hdcessi ng

can be carH<aLé§n wi th good reproducibility. Accor di ng

to the 11th aspect, for the purpose of tenperature control of the

dielectric plate to be gaglips i2Q Judeihia1evibe SESPEAR AR HImal
dielectric plate is being nonitored, the pressure contact type

t her mocoupse rErdiyement NSfiNtapdthert heomvdéle: idnadihepllhshs C tgrcradisdng:

doi ng
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apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the description of the present invention
proceeds, it is to be ncted that like parts are designated
by like reference numerals throughout the accompanying
drawings.

One embodiment of the plasma processing apparatus
according to the invention will now be described with
reference tc Figs. 1 to S§.

In Figs. 1 and 2A, evacuation is performed while
a suitable gas is being introduced into a vacuum chamber,

e.g. vacuum vessel 1, and a high frequency voltage is

applied by a high frequency power socurce 2 for discharge .

coil to a planar spiral discharge coil {of multiple spiral
form) 4 while the interior of the vacuum vessel 1 is kept
under adequate pressure, whereupon plasma is generated
within the vacuum vessel 1 to enable plasma treat
operations, such as etching, deposition, &and surface

modification, to be performed with respect to a substrate

By so



rt is possible to reduce the effect of high frequency noise and,
,tenperature control can be perfornmed with less 25 nmalfunction
< possibility. This, coupled with the fact that

t hus,

- 16 - the pressure contact type thernocouple has good thernal
responsi veness, enabl es accurate tenperature control.
According to the 13th and 25th aspects, in the event of any rise in

the tenperature of the dielectric
i ons i npingi ng upon the

) dth ' | ate | t liable to_he d ,
§ CREFERS (T 138 (SIS TPISbBc ot ol (FS - Aot h 40

di scharge coi
S t he di
di scharge coi
plate is not

5 plate due to heating by high energy
di el ectric @3ate, the engagement between the

nor

OB, PO AR PR o Spdiing 3 EhEple

to br age veca arg

ceramc plate arg nohey HbARESbABce 7 £ ectPBlel So dllf 9QkL-GAR §OVE 1N

the groove in

10

15

whereby ion energies reaching the substrate 6 can be
controlled. A pressure contact type thermocouple 108 shown
in Fig. 23 and a planar heater 10 which are mounted on a
dielectric plate 3 are connected to a heater temperature
controller 110 so that the temperature of the dielectric
plate 3 may be controlled to any desired temperature. A
heat insulator 111 is provided between the planar heater 10
and the planar spiral discharge coil 4 so that the planar
spiral discharge coil 4 will not bea owverheated. The
pressure contact type thermocouple 108 has a spring 108a
for coming into contact with the side surface of the

dielectric plate 3 under pressure sc as to detect the

' temperature of the dielectric plate 3 as shown in Fig. 2B.

20

25

Reference numeral 900 danotes an O-ring for sealing between
the dielectric plate 3 and the vessel 1. Preferably,
coenductors of the heater 10 is generally uniformly arranged
in the whole area therecf. That is, where n is any real
number and S is the whole area of the heater 10, the
conductors of the heater 10 is generally uniformly arranged
at each divided area S/n.

The planar heater 10, as shcown in Fig. 3, is so

configured as to satisfy the relation:



accordance with the expansion of the coil. According to the
J4th aspect, the ceramc plate 15 is preferably conprised of a

~free-cutting ceranmic with a t hi ckness of 5 nmor |ess and an area of
350 cnferr] or |ess. I f power efficiency is considered, the ceramc
pl ate fornmed with the discharge coil fixing groove is preferably |ess
thick. This fact is described in detail in, for exanple, 20 J. Hopwood,
"Planar RF induction plasma coupling ef ficiency”, Plasma Sources
Sci. Technol, 3 (1994), pp. 460- 46424AFready, it has been verified
that where the area of a ceramc plate is 350 cnferr] or less, no
cracks will occur Wit ¢ BMexc@rdmic plate, even if the ceranmic plate is
made 25 of an inexpensive, free-cutting ceram ¢ material and is_5

-17- mm ofReER $h FePReEMRRA She araR Qf Ghe PianRadeatex 18 Rad Sy
ceramc plate |g, 300 QU Shal aQla' §85ehd & erklle gELEL1S Plate

Further, as Fig. 2A shows, an inner chamber 113

S equipped with a belt heater 112 is provided sc that almost

all parts coming inte contact with plasma, including the

dielectric plate 3, can be heated.

With the temperature of the dielectric plate 3

varied from 25°C and up to 200°C, substrate 6 with silicon

10 oxide film was subjected to etching for 5 minuces under

conditions such that kind of gas and flow rate thereof,

pressure, high frequency power applied to planar spiral

discharge coil, and high frequency power applied to

electrode were respectively set at CFy / HE; = 50 / 15

15 scem, 10 mTorr, 1000 W, and 300 W. Measurement results

with respect to thickness of films depositaed on dielectric

plate 3, and silicon oxide film / polysilicen etching
select ratio are shown in Figs. 4 and 5.

It can be seen from Fig. 4 that the higher the

20 temperature of the dielectric plate 3, the smaller is the

thickness of thin film depositing on the dielectric plate

3. Further, it canr be seen from Fig. 5 that when the

dielectric plate 3 is heated tc 150°C or more, a higher

silicon oxide film / polysilicon etching select ratio can

25 be obrained.



ray be of a free-cutting ceramc material and 5 mmor |ess I n

thickness, whereby the plasma processing apparatus which 5 is inexpensive
-‘and exhi bits good power efficiency can be provi ded.

According to the 15th aspect, preferably, the pl anar heater is

provi ded between the ceramc plate and the dielectric plate. By so

doing it is possible to stabilize 10 the tenperature of the dielectric

pl ate, prevent dust generation, and achi eve mai ntenance cycle

| mprovenent . Accordi ng t-o2she 16th and 25th aspects, the

pl anar spiral discharge coil nmay be provided on the gl ass pl ate formed

with the discharge coil &ilarge guober.of upstimtessoioh shiigbmsscidate in

pl ace of the ceramic plate in this way will provide the simlar

effect. Accor dﬁh@nt%aq«véted th&wwmﬁ ascted the efeddngr under ddrani c

Pr ocessi ng appenne eEGHIE, veeaﬁfmossga@d ‘it Torerc: ety s G
AT SEEREL e WSO byl 4, AL 22
the same egfechydSeSAld Gbre repd®dd BR€hFrer another, the temperature
of dielectric plate 3 gradually increased, whereas in case
that there was provided a planar heater 10 ard that the
temperature was set at 80°C or more, .even with cycles of
processing repeated one after another, the temperature of
10 the dielectric plate 3 varied only within the range of
+15°C, being thus kept satisfactorily stable. In case that
planar heater 10 was not provided, dust began to fall a lot
on the substrate when 15 pieces of substrate had been
processed, whereas when a planar heater 10 was prcvided,.
15 with the temperature of the dielectric plate 3 set at 80°C
or more, there was little dust fall, if any, on the
substrate even after 100 substrates were processed. 1In the
case of there being no provision of planar heater 10, an
etching rate reproducibility of + 8 % was witnessed with
20 respect to continuously processed series of 15 sheets,
wheresas in case that a planar heater 10 was provided, with
a temperature getting of 80°C made for the dielectric plate
3, etching rate reproducibility was as good as % 2 %.
Btching rate reproducibility was calculated according to

25 the relation:



According to the 19th aspect, the planar spiral 25 discharge coil may be
‘mounted on the free-cutting ceramc

- 18 - plate which is forned with the discharge coil fixing groove

and divided into the plural parts, and the glass plate or ceramc
plate is disposed between the free-cutting ceramc pl ate and the
dielectric plate. Through this arrangenent, 5 in the event of any rise in
the tenperature of the dielectric plate due to hearing by high energy
I ons i npi ngi ng agai nst the dielectrRé plate, the engagenent

bet ween the di scharge COI| and the free-cuttin ceranic plate is not

| iable to be danaged, ndr{Vingx t heVnind ¢ Véﬂa) 10°%o0i | Ii able to becone

def or ned. Inthecym\mmet e

free-cutti pIaIe i S
di vided into PHITRS: Mwax 15 PHHLELG, #ECHENGEALF & ars}‘q'rﬁ ‘at e\-{br T PHMT DI at e
prevents any etchx@x%s%%evé’ﬁfé” 2206, Of 13P00LPRle FeREibCrIEechpr e I n the

In the foregoing embodiment, the dielectric plate
S 3 is circular in shape. However, the dielectric plate 3
may be even rectangular in shape, in which case the planar
heater 10 may be sc configured as to satisfy the relation:
Sh < Sy x 0.4
where, Sh is the area of the planar heater 10; and Sy is
10 the area of the dielectric plate 3. |
Where this relation holds, the high frequency
magnetic field due to the planar spiral discharge coil 4 is
formed within the vacuum vessel 1 without being interrupted
by the planar heater 10. Therefore, electric discharge can
15 be maintained. It has been found that if the relation is
not satisfied, electric discharge may be unstable:; some
réflected.high frequency power may be produced; and in some
extreme case, electric discharge cannot be maintained.
In the description of the foregoing embodiment it
20 has been stated that when the dielectric plate 3 is heated
to 150°C or more, high silicon oxide film / polysilicon
etching select ratio can be obtained. It is needless to
say, however, that in the case ¢f silicon nitride film
etching as well, high etching select ratio can be obtained

25 relative to polysilicon etching.



- at nosphere. 15 According to the 20th aspect,- in the case where

the total area of the free-cutting ceramc plate divided into plura
"parts is larger than 350 cnierr], each divisional part of the
free-cutting ceramc plate shoul d be 5 nm or | ess in thickness and 350
cn2 or less in area, and 20 according to the 21st aspect, the glass plate
or ceramc pl ate should be S mMmmor less in thickness. Through this
arrangenment, it is possible to provide the plasna processi ng appar at us
which elimnates any possible occur2®nee of cracks with the
free-cutting ceramc plate in 25 the same manner as earlier nentioned,
and which is | ess In the above described embodiment, for thg gplanar

aspect. the PO L bERES AoblareHis e mitipls mhraneost ok doratc o
ceram ¢ pl atel%%cttg%c%'.el eR&Eéfnatlvely, however, the planar spiral
discharge coil 4 may be such a simple spiral coil as shown
S in Fig. 6.

Furthermore, as shown in Figs. 7A and 7B, a
discharge coil 103 may have a'béll-shaped configuration in
three dimensions.

ile in the above described mode, etching of

10 silicon oxide film and silicon nitride fiim is taken up by
way of example, the present invention may alsc be
applicable to the etching of aluminum alloy, polysilicon,
polycide and the like, as well as to the depositing (CVD)

of silicon oxide film, silicon nitride film and the like.

15 As is apparent from the foregoing description, in
the plasma processing method and apparatus of the present
invention, the dielectric plate is heated by a heating
device to 80°C or more. By so doing it is possible to
subgtantially reduce the thickness of a thin f£ilm to be

20 deposited on the dielectric plate as compared with the case
in which no such heating is carried out, and to inhibit
dust generation since the film is more dense in quality
than in the case where a lower temperature is used. Thus,

the frequency of maintenance required with respect to the

25 dielectric plate can be noticeably decreased. When



pl ate can al so provide the simlar advantage. 5 According to

the 23rd aspect, in the above descri bed arrangenent, the second
‘ceramic plate or glass pl ate may be provi ded above the planar spiral

di schar ge coil. This provides nore firm engagenent between the

di scharge coil and the ceramc plate or glass plate which 10 is forned
with the discharge coil fixing groove, and can therefore serve to nore
effectively prevent any deformation of the discharge coil. Further,
according to the 24th aspect, by atréthding that the planar spiral

di scharge coil s _partially_or _wholly.of spipal confiquration, it is
15 possible tBrﬁ?sﬁ?&gt%]ﬁsaéﬁﬁ ﬁ?%%%%%/q ﬁ&eagﬁé?ﬁtaﬁé&rfé ’n§ angésgood
"L Ching char agker bl CSin  tne BR:ERnDESCRLETI QUhGE THEDRAVLACS .o
These and ot her aspeCts and features OP t he 0O present Thvention wll

become clear fiaRitRer{@AAOW 884 the JRFE It | PAdiekENalBosPELiSMCHEOD W th
the preferred enbodi nents thereof with reference to the acconpanying

drawi ngs, in weemlin low without ary gapfrécisblscheimmideal bycpesspenei ve

Ve S temperature of the dielectric plate is kept high.
Therefore, the atmosphere within the wvacuum wvessel, that
is, partial pressure of reaction species, is kept stable,
and this enables effective plasma processing with good
reproducibility.

190 In the case of plasma processing for silicon
oxide film etching or silicon nitride film etching, the
dielectric plate is heated to 150°C or more, and this
provides, in addition to the above mentioned advantage, a
further advantage that adsorption of CF-based radicals,

15 such as CF and CF,, on the dielectric plate is noticeably
decreased so that deposition of CF-based polymers on a
substrate polysilicon is enhanced, resulting in improved
select ratic of silicon oxide £ilm or silicon nitride film
/ polysilicon for etching.

20 Where the device for heating the dielectric plate
is constructed by a planar heater, the heating arrangement
for the dielectric plate is very much simplified. Assuming
that the area of the planar heatexr is Sh and the area of

the dielectric plate is Sy, if the relation Sh < Sy x 0.4

25 1is satisfied, a high frequency magnetic field due to the



25 showi ng the arrangenent of a plasma processi ng appar atus

- 20 - according to a first enbodi nent of the present invention;

*Fig. 2A is a sectional view show ng the arrangenent of the plasna
processi ng apparatus of the first enbodi ment; 5 Fig. 2B
Is a sectional view show ng a pressure contact type thernocouple
di sposed on a side of a dielectric plate in the apparatus;

Fig. 3is a plan view of a planar heater in the pl asma processi ng

apparatus of the first enbodinent; 10~ 29 - Fig. 4 is a graph show ng

measurenent results for thickness of filnms deposited on a dielectric

plate of the planarrspiraipddsabarge coil is producediiwitign she yacyim

showi ng neasurenent_results for . sSilicon_aoxide filnipolysilicon etching

sel ect ratio: Vvessel without being interrupted by the planar resistance
heater. Thus, electric discharge can be well maintained.

?rgferahly, the planar gpiral discharge cecil is

5 partially or wholly of a multiple spiral shape so that the
planar spiral discharge coil can be of low inductance.

The temperature of the dielectric plate can be
maintained high through temperature control of the
dielectric plate while the temperature of the dielectric

1¢ plate is being monitored. Thus, adsorption of radicals on
the dielectric plate remains low without any substantial
change. Therefore, the atmosphere within the vacuum
vegsel, that is, partial pressure of reaction species is
kept stable and thus plasma processing can be carried out
15 with good reproducibility.

By controlling the temperature of the dielectric
plate through monitoring by means of a pressure contact
type thermocouple mounted to a side of the dielectric
plate, it is possible to reduce the effect of high

20 fregquency noise and, thus, temperature contrel c¢an be
performed with less malfunction possibility. This, coupled
with the fact that the pressure contact type thermocouple
has good thermal responsiveness, enables temperature

control to be accurately performed.

25 A fourth embodiment of the plasma processing



15 Fig. 6 is a plan view of a planar spiral di schar ge
.coil in a second enbodi ment of the present i nventi on;
= Fig. 7Ais a structural diagramof a plasm processi ng appar at us
according to a third enbodi nent of the 20 present invention;
Fig. 7B is a sectional view of the apparatus in Fig. 7A
Fig. 8 is a perspective view show ng a schematic arrangenent of a
conventional plasma processing apparatus; 25 Fig. 9 is a
sectional view showing the - 30 - '
21 - arrangenment of a plasma processing apparatus representing

fourth enbodi rAEFRATHEUSH AcEPEILRY G Edet iBKention will now bepiescnibed g
vi ew show a nodified .

secti onal

15

20

25

with reference to Figs. 9 and 1i0.

In Fig. 9, a vacuum vessel 1 is evacuated while
a suitable gas is introduced thereinto and, with the
interior of the vacuum vessel 1 being kept under a suitable
pressure, a high frequency vcltage is applied by a high
frequency discharge coil power source 2 to a planar spiral
discharge coil 4 mounted on a ceramic (alumina) plate 8
having a thickness of 5 mm which is formed with a discharge
coil fixing groove 2, whereupon plasma is generated within
the vacuum vessel 1 to enable a plasma processing, such as
etching, deposition, or surface modification, to be given
to a substrate 6 placed on an electrode 5. The lower part
of the spiral discharge coil ¢ is inserted into the fixing
groove 9 so as to be capable of moving the coil 4 therein.
As one example, the depth and width of the groove 9 are 2-
3mm and 0.5-0.6mm, and the width of the coil 4 is 0.2mm.
In this case, a high frequency voltage is applied to the
electrode 5 by a high frequency electrode power source 7 as
shown in Fig. 9, whereby ion energies reaéhing the
substrate 6 can be controlled. It is noted that reference
numeral 3 designates a dielectric plate.

A plurality of substrates 6§, each with a 500 nm
thick silicon oxide film deposited thereon, were etched in

gsuccession under work conditions such that gas species and

a



" formof the plasma processing apparatus of the fourth 5 enbodi nent ;

Fig. 11 is a sectional view show ng the arrangenent of a plasm
“processi ng apparatus according to a fifth enbodi nent of the present

i nvention; Fig. 12 is a sectional view showng a nodified
10 formof the plasma processing apparatus of the fifth enbodi nment ;
Fig. 13 is a sectional view show ng the arrangenent of a plasm
processi ng apparatus according to ‘a sixth enbodi nent of the present

i nvention; 15 Fig. 14 is a-psan-view showi ng the configuration
of a free-cutting ceramc plate in the plasm processing appar at us of

the sixth enbddiovermate thereof, pressyney highj §requeney dryew appliRdw ng a

nodi fi ed formof the sixth odi ment.. 20 ) Fig. 16 is a
Cocti onal  vi & drenarge eRbL of BlamAT ahia EVee. and fumh Frbmieay,

spparatus ORI i sea, £3 AN RLCPLOLIY ALERRIC g on
ceramc plategn & pbayMuPr&SS 1Y mTorr, 1000 W, and 30C W. The
5 temperature of the dielectric plate 3 tended to rise due to
heating by high energy icns impinging upon the dielectric
plate 3, and at the tenth one of the substrates, the
temperature of the dielectric plate 3 reached 200 °C.
However, the engagement between the discharge ceoil 4 and
10 the ceramic plate 8 was in.no way damaged. There was no
deformation either of the discharge coil 4. Expansion of
the discharge coil 4 occcurred due to temperature rise, but
there was no breakage of the ceramic¢ plate 8, because such
expansion of the coil 4 is absorbed by moving the coil 4 in
15 the groove 9,

In the above described fourth embodiment, alumina
is used as the material for the ceramic plate B. As an
alternative, zirconia or the 1like may be used. In
particular, it has been found that as long as the area of

20 the ceramic plate 8 is 350 cm? or less, no cracks occur
with the ceramic plate 8 even if the ceramic plate 8 is
comprised of a less expensive free-cuéting ceramic and is
5 mm thick or less. Therefore, whers the area of the

2

ceramic plate 8 is 350 cm® or less, it is possible to

25 provide a plasma processing apparatus which is less



25 apparatus of an eighth enbodi nent;

- 22 Fig. 18 is a sectlonal vi ew showi ng a schematic
:arrangenment of a conventional plasma processing appar at us; and
Fig. 19 is a sectional view showing a schematic 5 arrangenent of another
conventional plasma processing appar at us. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Before the description of the
present invention 10 proceeds, it is to be noted that |ike parts are
desi gnat ed by like reference nuneraB& throughout the acconpanyi ng
dr awi ngs. One enbodi rent of the Iasna rocessi ng_appar at us

according to tRXPERILYRE | ¥ WRag 9?9ﬂl¥9%§§é€¢ﬁb€&eﬂF¥h 1881pgf3r ERBR"t O

Figs. 1to 5. cutting ceramic material for the ceramic plate 8.

A planar heater 10 may be disposed between the

ceramic plate § and the dielectric plate 3 as shown in Fig.

5 10. By so doing it 1is possible to stabilize the

temperature of the dielectric plate 3, prevent dust

generation, enlarge maintenance c¢ycle, and improve
reproducibility.

As examples of generally well known free-cutting

10 ceramics many be mentioned *MACERITE" of Mitsui Kozan
Material Co., and "Photoveel" of Sumikin Photon Ceramic Co.

Next, a fifth embodiment of the plasma processing
apparatus of the present inventicn will ne described with
reference to Figs. 11 and 12.

15 In Fig. 11, & vacuum vessel 1 is evacuated while
a suitable gas is introduced thereintc and, with the
interior of the vacuum vessel 1 being kept under a suitable
pressure, a high frequency voltage is applied by a high
frequency discharge coil power source 2 to a planar spiral

20 discharge c¢oil 4 mounted on a glass plate 11 having a
thickness of 5 mm which is formed with a discharge coil
fixing grocve 9, whereupon plasma is generated within the
vacuum vessel 1 to enable a plasma processing, such as
etching, deposition, or surface modification, to be given

25 to a substrate 6 placed con an electrode 5. The lower part

#



tn Figs. 1 and 2A, evacuation is perfornmed while a suitable gas is

bei ng introduced into a vacuum chanber, e.g. vacuumvessel 1, and a
"hi gh frequency voltage is applied by a high frequency power source 2
for discharge 20 <coil to a planar spiral discharge coil (of nmultiple
spiral form 4 while the interior of the vacuumvessel 1 is kept
under adequate pressure, whereupon plasma is generated within the
vacuum vessel 1 to enable plasm treat operations, such as

et ching, deposition, and surface 25 nrpdBfrcation, to be perfornmed with
respect to a substrate - 23 -

6 placed on arPfel@ SedEat dischange cgdd ¢ats Fnpertedyfgee the Zixingy a
For el ot ode 1o SoPBRPofe 58 cbablg, 3P angving “Bhorgr bot rERRR Y the

substrate 6 Ceiht¥¥1s case, a hlgh frequency voltage is applied to the

electrode S by a high frequency electrode power source 7 as

5 shown in Fig. 11, whereby ion energies reaching the

substrate 6 can be controlled. It is noted that reference

numeral 3 designates a dielectric plate.

A plurality of substrates 6, each with a 500 nm

thick silicon oxide film depcsited thereon, were etched in

10 succession under work conditions such that gas species an@

flow rate thereof, pressure, high frequency power applied

to discharge coil of planar thin type, and high frequency

power applied to electrode are respectively set at C,Fy /

Hy = 50 / 15 scem, 10 mTorr, 1000 W, and 300 W. The

15 temperature of the dielectric plate 3 tended to rise due to

heating by high energy ions impinging upon the dielectric

plate 3, and at the tenth one of the substrates the

temperature of the dielectric plate 3 reached 200 °C.

Hewever, the engagement between the discharge coil 4 and

20 the glass plate 11 was in no way damaged. There was no

deformation either of the discharge coil 4. Expansion of

the discharge coil 4 occurred due to temperature rise, but

there was nc breakage of the glass plate 11, because such

expansion of the coil 4 is absorbed by moving the coil ¢ in

25 the groove 9.



5 controlled. A pressure contact type thernocouple 108 shown in Fig.

2B and a planar heater 10 which are nounted on a dielectric plate 3
"are connected to a heater tenperature controller 110 so that the
tenperature of the dielectric plate 3 may be controlled to any desired
tenperature. A 10 heat insulator 111 is provided between the pl anar
heater 10 and the planar spiral discharge coil 4 so that the planar
spiral discharge coil 4 will not be overheat ed. The pressure contact

type thernocouple 108 has a spring 108a 34 - for coming into contact with
the side surface of the 15 dielectric plate 3 under pressure so as to
detect the t enper atliy etle eheve| dessribedpfifehs epbadigwati-n ¥hey. 2B.

Ref erence nuneral 900 denotes an . O ring for sealing.between_, t he
di el ectric pl a$€a%5 aﬁ?t?tt%é']v%ng'sﬁ?’segF“r%f"é?%cﬁ with tpendirttEiR the

heater 10,15 SEREEL' 41 VHARLY, Y TAGRE ROaedD LREIPS HEGAIRI o
heater 10, theperweert ¥HEIG1UsS P1akle 1heqhEr A bSeB68EEAL Ip1dtl fOTQ Y
arranged at each divided area S/ n. The pl anar heat er
10, as shosn ishéiny.imB Filgs 30. By sodbigyr o€l o goysidliesty stdbikiadion:
the temperature of the dielectric plate 3, prevent dust
generation, enlarge maintenance cycle, -and improve
reproducibility.
Next, a sixth embodiment of the plasma processing
10 apparatus of the invention will be described with reference
to Figs. 13 toc 15,
In Fig. 13, a vacuum vessel 1 is evacuated while
a suitable gas is introduced thereinte and, with the
interior of the vacuum vessel 1 being kept under a suitable
15 pressure, a high frequency wveltage is applied by a high
frequency discharge ccil power source 2 tc a planar spiral
_discharge coil 4 mounted on free-cutting ceramic plate 12
having a thickness of 5 mm which is formed with discharge
coil fixing grooves 9, whereupon plasma is generated within
20 the vacuum vessel 1 to enable a plasma processing, such as
etching, deposition, or surface modification, to be given
to a substrate 6 placed on an electrode 5. The lower part
of the spiral discharge coil 4 is inserted into the fixing
grooves 9 Sc as to be capable of moving the coil 4 therein.

25 In this case, a high frequency voltage is applied to the



varied from25[err]C and up to 200[err]C, substrate 6 with silicon
oxide filmwas subjected to etching for 35m nutes under

= 24 - Sh < Sy x 0.4 where Sh represents the area of
the planar heater 10 and Sy represents the area of the dielectric

pl ate 3. Further, as Fig. 2A shows, an inner chanber 113

5 equipped with a belt heater 112 is provided so that al npost all parts
comng into contact with plasma, including the dielectric plate 3, can
be heat ed. Wth the tenperature of the dielectric plate 3

10
condi ti ons

such that kind of gas_ and fIOM/rate t her eof pressure, high frequency
power applied @ ﬁﬂré?ﬁ’&r 5553’ ralhigh freguencyt Qéeé'é}’?de Hven gﬁu\fﬁéq’beﬂﬂ:y

power applled

H err]
results

50 /

10

20

25

e R8T S RS eS8 -ShEhL oL

substrate 6 can be controlled. It is noted that reference
numeral 3 designates a dielectric plate. It is noted that
the free-cutting ceramic plate 12 is divided into four
parts as shown in Fig. 14, respective divisional parts of
the free-cutting ceramic plate being each 350 cm? or less
in area. Further, a glass plate or ceramic plate 13 is
provided between the free-cutting ceramic plate 12 and the
dielectric plate 3.

A plurality of substrates 6§, each with a 500 nm
thick silicon oxide film deposited thereon, were etched in
succession under work conditions such that gas species and
flow rate thereof, pressure, high frequency power applied
to discharge coil of planar thin type, and high frequency
power applied to electrode are respectively set at C,Fg /

H, = 50 / 15 scem, 10 mTorr, 1000 W, and 300 W. The

temperature of the dielectric plate 3 tended to rise due to

heating by high energy ioms impinging upon the dielectric
plate 3, and at the tenth one of the substrates, the
temperature of the dielectric plate 3 reached 200 °C.

However, the engagement between the discharge coil 4 and

the free-cutting ceramic plate 12 was in no way damaged.

There was no deformation either of the discharge coil 4.

Expansion of the discharge coil 4 occurred due to



with respect to thickness of filnms deposited on dielectric pl ate 3,

and silicon oxide film/ polysilicon etching select ratio are shown in
“"Figs. 4 and 5. It can be seen fromFig. 4 that the higher
the 20 tenperature of the dielectric plate 3, the smaller is the

t hi ckness of thin filmdepositing on the dielectric plate 3. Further,
It can be seen fromFig. 5 that when the dielectric plate 3 is heated
to 150[err]C or nore, a higher silicon oxide film/ polysilicon
etching select ratio can 25 be obtaine®@s -

- 25 - A |l arge nunber of substrates wth silicon oxide

fil m deposi t ed-STREEVHIfR KA Seu el feFershalens rrétqmaﬁﬂm breakaggnef
etching conditions, as above note he case gre bei ng no

orovi oion of pFAReATIRIRCIAG. cazamyEl plagy 1f. because aush Sxpanafon
of the coil 4 is absorbed by moving the coil 4 in the

groove 9, Further, by virtue of the glass plate or ceramic

S plate 13 provided between the free-cutting ceramic plate 12
and the dielectric plate 3, there was no occurrence of
abnormal electric discharge in the atmosphere despite the
fact that the free-cutting ceramic plate 12 was divided
intc parts.

10 It has been found that if the area cf the free-
cutting ceramic plate is larger than 350 cm?, cracks are
likely to occur with the free-cutting ceramic plate, and
that as long as the area of the free-cutting ceramic plate
is not more than 350 cm?, the free-cutting ceramic plate is

15 not liable to crack even if the thickness therecf is 5§ mm
or less. Therefore, by arranging. that individual
divisional parts of the divided free-cutting ceramic plate
are each not more than 350 cm?, it is possible to prevent
each such part from cracking and thus provide a plasma

20 processing apparatus which is less expensive and can
exhibit good power efficiency. Further, as shown in Fig.
15, a planar heater 10 may be provided between the glass
plate or ceramic plate 13 and the dielectric plate 3. In
this case, iﬁ is possible to scabilize the temperature of

25 the dielectric plate 3, prevent dust generation, enlarge



5 processing were repeated one after another, the tenperature of

dielectric plate 3 gradually increased, mhereas I n case that there was
“provided a planar heater 10 and that t he tenperature was set at
80[err]C or nore, even with cycles of processi ng repeated one after
another, the tenperature of 10 the dielectric plate 3 varied only within
t he range of [err]15[err]C, being thus kept satisfactorily stable. In
case that pl anar heater 10 was not provided, dust began to fall a |ot
on the substrate when 15 pieces of substB3ate had been processed,

wher eas when a planar heater 10 was provided, 15 wth the tenperature of
the di el ect ri cvpinfenanceecyalegored renhance zgpragpeibibise was |ittle dust
fall, if any, on the substrate even after 100 sugitrates wer e

processed. In the &&M?Qﬁht r ERBeitRGeHBiRT o PlEP mSEEPI aldFhéat er
10, hj f h
an et C%' o gﬁﬁgpéggggé’{é Oé-faysso l[a?:”%.g gé&%&e&“ A5RS G t

20 respect to serl Swréfeas in

case that a p'%\jkﬁ{a #a11 PgeVided, whih e S RN Gmeetting
of 80[err] C nade foreﬁea&gl\eg%?raléplate eng %echi ng rate ad

reproduci bl i tyiy@arfe @Ad and[ehélcerdfic plar.Et(aml 8¢ §Rifs rERlui bility
was cal cul ated according to 25 the relation:
which is formed with a discharge coil fixing groove{s) is

rendered more £irm, and this provides for effective
prevention of any deformation of the discharge coil. One
example in which such arrangement is applied to the
10 foregoing fourth embodiment is shown as a seventh
embodiment in Fig., 16. In Fig. 16, reference numeral 14
designates a second ceramic plate or glass plate. Further,
by arranging that the planar spiral discharge coil is
partially or wholly of multiple spiral configuration, it is
15 possible to provide a plasma processing apparatus having
good matching characteristics. In an eighth embodiment
wherein such wmultiple spiral coil configuration is
incorporated into the planar spiral discharge coil, the
configuration of a free-cutting ceramic plates 12 is shown
20 in Fig. 17.

In Fig. 15, the second ceramic plate or glass
plate 14 is also shown by two-dot chain lines and the
pressure contact type thermocouple 108 is disposed on the
side of the dielectric plate 3, for monitoring the

25 temperature of the dielectric plate 3 as one of the best



~ 26 - ((Merr] - V[err]) [/ V[err]) x 50 where, V[ferr]
IS maxi mum etching rate value; V[err] is mninmm etching rate val ue;
“and V[err] is average etching rate val ue. In the foregoing
enbodi nent, the dielectric plate 5 3 is circular in shape. However, the
dielectric plate 3 may be even rectangul ar in shape, in which case the
pl anar heater 10 may be so configured as to satisfy the relation:

Sh < Sy x 0.4 where, Sh is the area of the planar heater 10, and Sy is
10 the area of the dielectric plate 3.~ 38 - VWhere this relation
hol ds, the high frequency magnetic field due to the planar spiral

di scharge coi |medes forned within the vacuum vessel 1 wi thout being

i nterrupted by the an heater 10Q. Therefore, electr c dlscharge can
15 be mai nt ai ned. HE% n fi tﬂ&FCFFL?ﬁe Fé*%?loﬁn$ seventh

embodiments, the parts into which the free-cutting ceramic
plate is divided are four in number. It is understood,

S however, that the number of such parts is not limited to 4.
According to the arrangement of the plasma

processing apparatus of the presénc inventicn, as may be
clear from the foregoing description, the planar spiral
discharge coil is mounted on the ceramic plate which is

10 formed with the discharge coil fixing groove. Therefore,
in ﬁhe event of any rise in the temperature of the
dielectric plate due to heating by high energy ions
impinging upon the dielectric plate, the engagement between
the discharge coil and the ceramic plate is ncot liable to

15 Dbe damaged, nor is the discharge c¢oil liable toc become
deformed., Even if the discharge coil should expand due to
temperature rise, the ceramic plate is not liable to
breakage because the discharge coil and the ceramic plate
are not in adhesion bond.

29 The ceramic plate may be comprised of the free-
cutting ceramic material and S mm or less in thickness,
whereby a plasma processing apparatus which is inexpensive
and exhibits good power sfficiency can be provided.

Through provisicn of the planar heater between

25 the ceramic plate and the dielectric plate, it is possible



Rot satisfied, electric discharge may be unstable; sone reflected high

frequency power may be produced; and in sonme extrene case, electric

di scharge cannot be mai nt ai ned. In the description of the
foregoing enbodiment it 20 has been stated that when the dielectric plate
3 is heated to 150[err]C or nore, high silicon oxide film/

.pol ysilicon etching select ratio can be obtained. It is needless to
say, however, that in the case of silicon nitride film etching as
wel |, high etching select ratio can be-oBBarned 25 relative to

pol ysilicon etching. - 27 -

In the above deecEtisédlémsodiheentemganatiure pphinghe dielgsitrak dpkatiear ge
coil is used a multiple spiral coil of |ow i nduct ance.

Al ternativel y, PReV@Rer dupRe gsmaxariapi r and achigvec iadiptasgces qiglee such

a sinple splra£m§£g¢e£§£§pomn 5 in Fig. 6.

The use of a glass plate in place of the ceramic

S plate will provide the similar effect. As in the case of

the ceramic plate, the glass plate may be 5 mm thick or

less, whereby it is possible to provide the plasma

processing apparatus which exhibits good power efficiency.

Alsc, through provision of the planar heater between the

10 glass plate and the dielectric plate, the similar effect
can be obtained.

Whers the planar spiral discharge coil is
disposed on the free-cutting ceramic plate which is formed
with the discharge coil fixing grooves and divided into

15 plural parts, and where a glass plate or ceramic plate is
disposed between the free-cutting ceramic plate and the
dielectric plate, the same effect as above mentioned can be
obtained. Further, despite the fact that the free-cutting
ceramic plate is divided into parts, the presence of the

20 glass plate or ceramic plate prevents any possible
occurrence of abnormal electric discharge in the
atmosphere.

In the case where the total area of the free-
cutting ceramic plate divided into plural parts is larger

25 than 350 cm?, each divisional part of the free-cutting



Furthernore, as shown in Figs. 7A and 7B, a di scharge coil 103 may
_have a bel |l -shaped configuration in t hr ee di nensi ons.

While in the above described node, etching of 10 silicon oxide film and
silicon nitride filmis taken up by way of exanple, the present

I nvention may al so be applicable to the etching of alum num all oy,

pol ysilicon, polycide and the like, as well as to the depositing (CVD)
of silicon oxide film silicon nitride filmand the like. 15 As
i s apparent fromthe foregoing descriptd am, -i n t he pl asma processing
met hod and apparatus of the present I nvention, the dielectric plate is
heat ed by a hegetamic Plaﬁkyﬂhgglﬁobeoﬁemm]QF(%GSﬂnkﬂ thggkgesdoand 3%0i s
possible to pSubstantially reduce the thickness of a thinfilmto be

20 deposited S 1P 1A o Feap| 3R tRe &Fake fr: Aeregie plate; |
Since the 111t ieukbr Pedehod™ noguddes T TR %'stﬁ ‘the @géil%saheyer%tlﬁaer
[Tmer RS, et te, ' RRNERCY ol pRLOLERTCEe | cOtled V)
S processing apparatus which ellmznates any posasible
cceurrence of cracks with the free-cutting ceramic plate in
the same manner as earlier mentioned, and which is less
expensive and can exhibit good power efficiency. The
provision of the planar heater between the glass plate or
10 ceramic plate and the dielectric plate can also provide the
gimilar adwvantage.

In the above described arrangement, the second
ceramic plate or glass plate may be provided above the
planar spiral discharge coil. This provides more f£irm

15 engagement between the discharge coil and the ceramic plate
or glass plate which is formed with the discharge coil
fixing groove(s), and can therefore serve tc more
effectively prevent any deformation of the discharge coil.

Further, by arranging that the planar spiral

20 discharge coil is partially or wholly of spiral
configuration, it is possible to provide the plasma
processing apparatus having good matching characteristics.

Although the present invention has been £ully
described in connection with the preferred embodiments

25 thereof with reference to the accompanying drawings, it is



processi ng cycles are repeated one after another, changes, if any,

in the thickness of filnms deposited are insignificant, and the
rate of radical adsorption wll remai n | ow wi t hout any appreci abl e
change, because the 5 tenperature of the dielectric plate is kept high.
Therefore, the atnosphere within the vacuum vessel, that is, partial
pressure of reaction species, is kept stable, and this enabl es

ef fective plasnma processing with good reproducibility. 10

In the case of plasma processing for si-l #éon oxi de filmetching or
silicon n|tr|def|Imetch|n t he dielectric is heated to

150[ err] C or nio? ePeamPter £hat vagigusyshanges, #Rq | ‘?fg’t'ol"t%%ov%"e

ment i oned advant age furt e.r a a.nta e that ad or ti,on of CF-based

radicals, 15 %%%ﬂé’bts Y% HheP ® et ectTIe p<f15§rg;qs5 an
noticeably mocﬁiff{ceaﬁﬁ%ss%rhh% Qgpﬁﬁééi-&bég a1 6HROLYIRIS Uk 2

scope of the present invention as defined by the appended

5 <claims unless they depart therefrom.



substrate polysilicon is enhanced, resulting in inproved select ratio

_of silicon oxide fL,ﬂLoL-St+rcon n|tr|de film [ polysilicon for
etchlng 20 T deV|ce for heating the dielectric plate
i's constructed E , the heating arrangenent for the
dielectric plate stnplified. Assum ng that the area of

t he pl anar heater*ls Sh” and the area of the dielectric plate is Sy, if
the relation Sh < Sy x 0.4 25 is satisfied, a high frequency nagnetic
field due to the - 42 - - 29 - pl anar
spiral discharge || is produced within the vacuum vessel w t hout
being interrup the pl anar resi stance heater Thus electric

o seher oo con, be vl ] Bk brospastog wgsien CRELELATLY egdiglane
?Egggt chghat irﬂ?iudmg R’ 31k %Ebﬁﬁén@&sﬁbﬁéﬂeswée C@ﬂ %c?f | ¥ira1
discharge ceil {4) is employed,
s the plasma processing metbod comprising steps of:
applying a high frequency voltage by the high
frequency power source to the discharge coil to generate a
high frequency magnetic field within a vacuum chamber (1)
through a dielectric plate (3} so that electrons are

1@ accelerated by an induction field due to the high frequency
magnetic field to generate plasma within the vacuum chamber
for processing a substrate (6); and

controlling a temperature of the dielectric
plate.

15 2. The plasma processing method as set forth in
claim 1, wherein in the controlling step, the temperature
of the dielectric plate is so contrclled that the
dielectric plate is heated by a heating device (10} to 80°C
or more.

20 3. The plasma processing method as set forth in
claim 1 for etching a silicon oxide film, wheresin the
temperature of the dielectric plate is so coatrxolled that
the dielectric plate is heated to 150°C or more in the
controlling step.

25 4. The plasma processing method as set forth in



The tenperature of the dielectric plate can be mai nt ai ned hi ugﬁ
tenperature control of the (ﬁaeMHc[ﬂMe\mHethetﬂmmaUMe

the dielectric 10 plate is being nonitored. Thus, adsor W‘“&

on the dielectric plate remains | ow without any subs ﬁﬁ%

change. Therefore, the atnosphere within the vacuum assel that

I's, partial pressure of reaction species is kept stable and thus

pl asma processing can be carried out 15 wth good reproducibility.

By controlling the tenperature of the diéBeetric pl ate t hrough

noni toring by means of a pressure contact e thernocouple nmounted to

a side of the thaict rfex etcmﬁ’r’:"at% 8-’!--‘E1<F“sn p‘%)’s"slf-‘tﬁo o n.edtharaime i ect of
erature control

high 20 f
perTor mod wi ¢ 1ETERAFIREFURE TBA BHSRTHITI JPLaHR & BOURPRRoLLed GAaF ( ne
Fact that {he BLesaUfEaNAchdupe d tﬁéé@&@uetgel osc B85 8204, ther ma

responsi veness, erature € accurately
per f or med. Zﬁ%ontrclling sPebourth enbodi nent of the pl asma processing

5 5. The plasma processing method as sget forth in
claim 2, wherein the temperature of the dielectric plate is
so controlled that the heating device for heating the
dielectric plate is constructed by a planar heater which
satisfies the relation:

10 ' Sh < Sy x 0.4
where Sh represents an area of the plapar heater; and Sy
represents an area of the dielectric plate.

6. The plasma processing method as set forth in
claim 1, wherein the spiral discharge coil is partially or

1S wholly of a multiple spiral form.

7. The plasma processing method as set forth in
claim 1, wherein in the controlling step, the temperature
of the dielectric plate is adjusted while the temperature
of cthe dielectric plate is being monitored.

20 8. A plasma processing apparatus comprising:
a spiral discharge coil (4);
a high frequency power source (2} for applying a
high frequency voltage tc the discharge coil to generate a
high frequency magnetic fieid within a vacuum chamber (1)

25 through a dielectric plate so that electrons are



* 30 - apparatus according to the invention will now be descri bed

wWth reference to Figs. 9 and 10. In Fig. 9, a vacuum
vessel 1 is evacuated while a suitable gas is introduced thereinto
and, with the 5 interior of the vacuumvessel 1 b g “ﬂﬂﬂ uﬂ{

sui tabl e pressure, a high frequency voltage is S\HMl m‘

frequency discharge coil power source 2 to a planar sptral - ™ df sch ar ge
coil 4 nmounted on a ceramic (alum na) plate 8 havi ng a thickness of 5
mmwhich is forned with a discharge 10 4#oi-l fixing groove 9, whereupon
plasma is generated within t he vacuum vessel 1 to enable a plasma

processi ng, suRFFekerated S’Yc?ﬁ‘ Hj‘d"d’éﬁ8§| field Bt sorthe himhdfreguenen, to
be given t.e 6 placed on, an eletﬁ_ﬁode 5. The Iovver art

of the spiral %?%%%%#l‘b?t"%gdl €9 geReFRSE PEPTH G IS RS RFUUsShaFbeR e 9 so
as to be capa %gﬁﬁgri@égﬁgﬁ,gesﬁ%kr%téhq’%n As one exanple, the

depth and wi dt gro 3mm and 0.5-0.6mm and the
width of the coil 4 is G Z8Btroller (110) for controlling a temperature
5 of the dielectric plate.

9. The plasma processing apparatus as set forth in
claim 8, further comprising a heating device {(10) for
heating the dielectric plate with resistance heat,

wherein the controller controls the temperature of the

10 dielectric plate so that the dielectric plate is heated by
the heating device (10} toc 80°C or more.

10. The plasma processing apparatus as set forth in:
claim 9, wherein the heating device £or heating the
dielectric plate is constructed by a planar heater which

15 satisfies the relation:
Sh < 8y x 0.4
where Sh represents an area of the planar heater; and Sy
represents an area of the dielectric plate.

11. The plasma processing appara‘tus as set forth in

20 claim 8, wherein the spiral discharge coil is partially or
wholly of a multiple spiral form.

12. The plasma processing apparatus as set forth in
claim 8, further comprising a pressure mounted thermocouple
(108), disposed on a side of the dielectric plate, for

28 monitoring the temperature of the dielectric plate.



tn this case, a high frequency voltage is applied to the el ectrode 5
.by a high frequency el ectrode power source 7 as 20 shown in Fg. 9,

whereby ion energies reaching the substrate 6 can be controll ed.
It is noted that reference nunmeral 3 designates a dielectric plate.
A plurality of substrates 6, each with a 500 nm thick silicon oxide

filmdeposited thereon, were etched in 25 succession under work
conditions such that gas species and

- 31 - flow rate thereof, pressure,48igh frequency power applied

to discharge coil of planar thin type, and high frequency power
applied to el ectrode ar FhecPpaeed \RYQCesRing: apparaFrfess|set forthyigrr] =

RN LT SN TN TOE M
'SHE'S,? ?13,? g stjp'? Eoerl t&e cgk‘glnfgtﬂﬂaﬁ:e (12) pﬂ'&tn%d?’ wi@ﬂda %iéc@!%rtg%négifrﬁxgkgt he
groove (9}.
5 14. The plasma processing apparatus as set forth in
claim 13, wherein the ceramic plate {12) has a thickness of
S mm or less and an area of 350 cm? or less, and wherein
the ceramic plate is comprised of a free-cutting ceramic
material.

10 15. The plasma processing apparatus as set forth in
claim 13, further comprising a heating device (10} for
heating the dielectric plate, the heating device (10} being
constituted by a planar heater provided between the ceramic
plate and the dielectric plate.

15 16. The plasma processing apparatus as set forth in
claim‘e, wherein the spiral discharge coil (4) is mounted
on a glass plate (11) formed with a discharge coil fixing
groove (9).

17. The plasma processing apparatus as set forth in

20 c¢laim 16, wherein a thickness of the glass plate is 5 mm or
less.

18. The plasma processing apparatus as set forth in
claim 16, further comprising a heating device (10) for
heating the dielectric plate, the heating device (10) being

25 constituted by a planar heater provided between the glass

/
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tenperature of the dielectric plate 3 reached 200 [err]C However, the
.engagenent between the discharge coil 4 and 10 the ceramc plate 8 was in
no way damaged. There was no deformation either of the discharge coi
4. Expansion of the discharge coil 4 occurred due to tenperature rise,
but there was no breakage of the ceramc plate 8, because such
expansi on of the coil 4 is absorbed by noving the coil 4 in 15 the groove
9. In the above described fourth enbodi ment, al um na

is used as the material for the ceram c fgbate 8. As an alternative,
zirconia or the particular, it has been found

that as |ong a%lﬁt%'ék%}dg?gggiggggﬁﬁ%cc@r%ﬁt plate 8 is 350 cnferr] or
olate 8P 88%%. é “ﬁéswsser%%a”%n%eamﬁea%@at BPrBeEcFaRTE Gha i s
> Tk o 4586y o VGRS Enetbbleat 6 QIR 8 ) ESRANEE 20 ¢
apparatus whigh deErE%SEuttzng ceramic plate (12) formed with a
5 discharge coil fixing groove (9} and divided iato plural
parts, and a glass plate or a ceramic plate (13} is
disposed between the free-cutting ceramic plate and the
dielectric plate.
20. The plasma processing apparatus as set forth in
10 claim 19, wherein a total area of the plural divided parts
of the free-cutting ceramic plate ig larger than 350 cm?;
a thickness of each divided part of the £free-cutting
ceramic plate is 5 mm or less; and an area of each divided

part of the free-cutting ceramic plate is 350 cm?

or less.
15 21. The plasma processing apparatus as set forth in
claim 19, wherein a thickness of the glass plate or ceramic
plate is 5 mm or less.
22. The plasma procesging apparatus as set forth in
claim 19, furthef comprising a planar heater (10} provided
20 between the glass plate or ceramic plate and the dielectric
plate.
23. The plasma processing apparatus as sec forth in
claim 13, wherein a second ceramic plate or glass plate

{14) is disposed above the spiral discharge coil.

25 24. The plasma processing apparatus as set forth in

Hllllll Il lllil [ H flll



= 32 - expensi ve and has good power efficiency by using a free-

cutting ceramc material for the ceramc plate 8. A pl anar
heater 10 may be di sposed between the ceranmic plate 8 and the
dielectric plate 3 as shown in Fig. 5 10. By so doing it is
possible to stabilize the tenperature of the dielectric plate 3,
prevent dust generation, enlarge naintenance cycle, and inprove
reproducibility. As exanpl es of generally well known

free-cutting 10 ceramcs nmany be nentd &ed "MACERI TE" of Mtsui Kozan
Material Co., and "Photoveel" of Sum kin Photon Ceram c Co.

Next, a fifth ehdb@i ¥Ent wbereie Pl aseendreeramiqgplate empakasaspbite he
present invention wll _ne described with | reference to Figs. 11 and 12.
15 Kﬁ‘kibﬁ dispoped; AhGHEy B oPPUr3s AHPLHIXBEICRAL e a
suitable gas is int ereinto _and, . w inter#gr of , t he

d d \ h the:
vacuum vessel 1 bei %g llig@%e f?ﬁ&g}ﬂ%?gﬁﬁgﬁ%g .tapptax:%pézgsafe,sea F iquency
vol tage is app+i§9mb¥9? BhePein af BEGUSICYeAmfYLR LA POYRL SPWEE 2 O

a planar spira
5 (14) is disposed above the spiral discharge ccil. -

26. The plasma processing apparatus as set Forth in
¢laim 13, wherein the spiral discharge coil is partially or
wholly of a multiple spiral configuration.

27. The plasma processing apparatus as set forth in

10 claim 16, wherein the apiral discharge coil is partially.or
whelly of a multiple spiral configuration.

28. The plasma processing apparatus as set forth in
claim 19, wherein the spiral discharge coil is partially or
wholly of a multiple spiral configuration.

15 29. A plasma processing apparatus comprising:

a spiral discharge coil (4] mounted on a ceramic
or glass plate (12) formed with a discharge coil fixing
groove (9); and

a high frequency power souice (2} for applying a

20 high fregquency voltage to the discharge coil to generate a
high frequency magnetic field within a vacuum chamber (1)
through a dielectric plate so that electrons are
accelerated by an induction field due to the high frequency
magnetic field to generate plasma within the vacuum chamber

25 for processing a substrate.
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20 discharge coil 4 nounted on a glass plate 11 having a t hi ckness of
5 mmwhich is forned wwth a discharge coill fixing groove 9, whereupon
plasma is generated within the vacuum vessel 1 to enable a plasna
processi ng, such as etching, deposition, or surface nodification, to
be given 25 to a substrate 6 placedqgpgan el ectrode 5. The | ower part

- 33- of the spiral discharge coil 4 is inserted into the fixing

groove 9 so as to be capable of noving the coil 4 therein. In this
case, a high frequency voltage is applied to the el ectrode 5 by a high
frequency el ectrode power source 7 as 5 shown in Fig. 11, whereby ion
energi es reaching the substrate 6 can be controlled. 1[It is noted that
ref erence numeral 3 designates a dielectric plate. A
plurality of substrateff 6/ ﬁacV\Mtkla 500 nm - thick silicon oxide film
deposited thereon, were etched in




10 succession under work conditions such that gas species and fl ow
rate thereof, pressure, high frequency power applied to di scharge coi
of planar thin type, and high frequency power applied to el ectrode are
respectively set at CJerr]Ferr] / Herr] =50/ 15 sccm 10 niforr,
1000 W and 300 W The 15 tenperatdi2® of the dielectric plate 3 tended
to rise due to heating by high energy ions inpinging upon the
dielectric plate 3, and at the tenth one of the substrates the
tenperature of the dielectric plate 3 reached 200 [err]C However, the
engagenent between the discharge coil 4 and 20 the glass plate 11 was in
no way danaged. There was no deformation either of the discharge coi
4. Expansion of t he discharge coil 4 occurred due to tenperature rise,
but there was no breakage of the glass plate 11, because such
expansi on of the coi#,ﬁl isi)sor bed by noving the coil 4 in 25 the groove
ig.2 |
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- 34 - In the above described f if th enbodi nent, the
_glass plate 11 is disposed in contact with the dielectric pl ate 3.
However, a planar heater 10 may be di sposed bet ween the glass plate 11
and the dielectric plate 3 as 5 shown in Fig. 12. By so doing it is
possible to stabilize the tenpe@a20re of the dielectric plate 3,
prevent dust generation, enlarge naintenance cycle, and inprove
reproducibility. Next, a sixth enbodi nent of the plasma
processing 10 apparatus of the invention will be described with reference
to Figs. 13 to 15. In Fig. 13, a vacuumvessel 1 is
evacuated whil e a suitable gas is introduced thereinto and, wth the
interior of the cuum sel 1 being kept under a suitable 15 pressure,
a high frequenc vb;le@éﬁis applied by a high frequency di scharge coi
power source 2 to a planar spiral di scharge coil 4 nmounted on
free-cutting ceramc plate 12 havi ng a thickness of 5 nmwhich is
formed with di scharge coil fixing grooves 9, whereupon plasm is
generated wi gTf 20 e XMapsin vessel 1 to enable a plasma processing,
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et ching, deposition, or surface nodification, to be given to a
substrate 6 placed on an el ectrode 5. The | ower part of the spiral

di scharge coil 4 is inserted into the fixing grooves 9 so as to be
capabl e of noving the coil 4 therein. 25 1In this case, a high frequency
voltage is applied to the 4/20 - -
el ectrode 5 by a high frequency el ectrode power source 7 as shown in
Fig. 13, whereby ion energies reaching the substrate 6 can be
controlled. It is noted that reference nuneral 3 designates a
dielectric plate. It is noted that 5 the free-cutting ceramc plate 12 is
divided into four parts as shown in Fig. 14, respective divisional
parts of the free-cutting ceram c plate being each 350 cnferr] or

| ess in argfk fR@rt{®r, a glass plate or ceranic plate 13 is

provi ded between the free-cutting ceramc plate 12 and the 10 dielectric
pl ate 3.

10
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A plurality of substrates 6, each with a 500 nm thick silicon oxide

fil mdeposited thereon, were etched in successi on under work
conditions such that gas species and flow rate thereof, pressure,
hi gh frequency power applied 15 to discharge coil of planar thin type,
and high frequency power applieg/20 el ectrode are respectively set at
Cerr]Ferr] [/ Herr] =50 / 15 sccm 10 niforr, 1000 W and 300 W
The tenperature of the dielectric plate 3 tended to rise due to
heating by high energy ions inpinging upon the dielectric 20 plate 3, and
at the tenth one of the substrates, the tenperature of the
dielectric plate 3_rLgached 200 [err]C However, the engagenent
bet ween the disch cd!l 4 and the free-cutting ceranmic plate 12
was in no way damaged’ There was no deformation either of the
di scharge coil 4. 25 Expansion of the discharge coil 4 occurred
due to 600 36
500}
400}
DEPOSIT FILM
THICKNESS 300}
{mm)
200} {
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tenperature rise, but nevertheless there was no breakage of t he

free-cutting ceramc plate 12, because such expansion of the coil 4 1is
absorbed by noving the coil 4 in the groove 9. Further, by virtue of
the glass plate or ceramc 5 plate 13 provided between the free-cutting
ceramic plate 12 and the dielectbi20Dplate 3, there was no occurrence
of abnormal electric discharge in the atnosphere despite the fact
that the free-cutting ceramc plate 12 was divided into parts. 10

It has been found that if the area of the free- cutting ceramc plate
is larger than 350 cnferr], cracks are likely to occur with the
free-cutting ceramc plate, and that as long as the area of the
free-cutting ceranmic plate is not nore than 350 cnferr], the
free-cutting ceramc plate is 15 not liable to crack even if the thickness
thereof is 5 mm or |less. Therefore, by arranging that

i ndi vi dual divisional parts of the divided free-cutting ceramc plate
are each not noredkh%n 350 _¢cnferr], it is possible to prevent each
such part fromecr ckinéla thus provide a plasnma 20 processing apparatus

which is | ess expensive and can exhi bit good power efficiency.
Further, as shown in Fig.




15, a planar heater 10 may be provi ded between the gl ass pl ate or
ceramc plate 13 and the dielectric plate 3. In this case, it is
possible to stabilize the tenperature of 25 the dielectric plate 3,
prevent dust generation, enlarge .

37 - mai nt enance cycle, and enhai¢20reproducibility. I n
each of the foregoing enbodi nents, when a second ceram c plate or
glass plate is sled ve t he pl anar spiral discharge coil, the
engagenent bet&gzgvbﬂe ;éagischarge coil and the ceram c plate(s) or glass
pl at e(s) which is forned with a discharge coil fixing groove(s) is
rendered nore firm and provides for effective preventi on of
any deformation T ; e exanpl e in which such

arrangenment is applied to t 10
as a seventh imgnt in Fig. 16}
desi gnates a sec¢nd ceram c plate or glas
arranging that the planar sp{ral discharg

ng fourth enbodinent is shown
In Fig. 16, reference nuneral 14
pl ate. Further, by

coil is

103




partially or wholly of nultiple spiral configuration, it is 15 possible

to provide a plasna processing apparatus having good mat chi ng
characteristics. In an eighth enbodi nent wherein such nultiple spiral
coil configuration is i ncorporated into the planar spiral discharge
coil, the configuration of a fre8/20tting ceramic plates 12 is shown
20 in Fig. 17. In Fig. 15, the second ceramc plate or gl ass
plate 14 is al so shown by two-dot chain |ines and the pressure contact
type thernocouple 108 is di sposed on the side of the dielectric plate
3, for nmonitoring the 25 tenperature of the dielectric plate 3 as one of

t he best - 38 - node.

In the above described sixth and seventh enbodi ments, the parts into
which the free-cutting ceramc plate is divided are four in nunber.

It is understood,F’,‘g- 75




5 however, that the nunber of such parts is not linted to 4.

According to the arrangenent of the plasma processi ng apparatus of the
present invention, as nay be clear fromthe foregoing description, the
pl anar spiral di scharge coil is nmounted on the ceramc plate which is
10 fornmed with the discharge coil fi8/2Q groove. Therefore, in the
event of any rise in the tenperature of the dielectric plate due to
heati ng by high energy ions i mpi ngi ng upon the dielectric plate, the
engagenent betwee;a the discharge coil and the ceramic plate is not
liable to 15 be aﬁﬁﬁb nor is the discharge coil liable to becone
deforned. Even if the discharge coil should expand due to t enperat ure
rise, the ceramic plate is not liable to br eakage because the

di scharge coil and the ceramc plgle are not in adhesion bond. 20

The ceramic plate may be conpriseé of the free- cutting ceramc
material and 5 nmor |ess in thic€kness, wher eby a pl asma processing
apparatus which is inexpensi and exhi bits good power efficiency can
be provi ded. 3i on of the planar heater between
25 the ceramc plate a Dl ate, it is possible

electric




-39 - to stabilize the tenperature of the dielectric plate,

prevent dust generation, and achi eve nai ntenance cycle i nprovenent .
The use of a glass plate in place of the ceramc S plate will provide the
simlar effect. As in the case of the ceramic plate, the glass plate
may be 5 nmthick or | ess, wherglygo it is possible to provide the
pl asma processi ng apparatus which exhibits good power efficiency.

Al so, through provision of the planar heater between the 10 glass plate
and the dielectric plate, the simlar effect can be obt ai ned.

Where the planar spiral discharge coil is di sposed on the
free-cutting ceramc plate which is forned with the di scharge coi

fixing grooves and -divided into

Fig.9
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5 plural parts, and where a glass plate or ceramc plate is

di sposed between the free-cutting ceramc plate and the dielectric
pl ate, the same effect as above nentioned can be obt ai ned. Furt her,
despite the fact that the free-cutting ceramic plate is divided into
parts, the presence of the 20 glasg1/pbate or ceramc plate prevents
any possible occurrence of abnormal electric discharge in the

at nosphere. In the case where the total area of the free-
cutting ceramc plate divided into plural parts is larger 25 than 350
cnferr], each divisional part of the free-cutting

- 40 - ceram c plate should be 5 mmor less in thickness and 350
cnferr] or less in area, and the glass plate or ceramc plate shoul d
be 5 mmor less in thickness. Through this arrangenment it is

possible to provid?:.the | asma
ig.10
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5 processing apparatus which elimnates any possible occurrence

of cracks with the free-cutting ceramic plate in t he sanme manner as
earlier nentioned, and which is |ess expensi ve and can exhi bit good
power efficiency. The provi sion of the planar heater between the
glass plate or 10 ceramc plate andi2f2© dielectric plate can al so provide
t he sim |l ar advant age. In the above descri bed
arrangenent, the second ceramic plate or glass plate may be provided
above the pl anar spiral discharge coil. This provides nore firm 15
engagenent between the discharge coil and the ceramc plate or gl ass
plate which is formed with the di scharge coill fixing groove (s), and
can therefore serve to nore effectively prevent any deformation of
t he di scharge coil. Further, by arranging that the planar
spiral 20 dlscharg .Coi | |s partially or wholly of spira
configuration, ﬂsf E to provide the plasm 2 processi ng

appar at us haV|ng good ing characteristics. Al t hough the
present invention has been fully d with the

preferred enbodi nents 25 thereof with reference anyi ng

drawi ngs, it is

IS,
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to be noted that various changes and nodifications are apparent to those
skilled in the art. Such changes and nodifications are to be understood
as included within the scope of the present invention as defined by the
appended clains unless they depart therefrom

- 42 - CLAI V5 1. A pliaype processing nethod wherein an
appar at us I ncl udi ng a high frequency power source (2) and a spiral

di scharge coil (4) is enployed,

Fig.12
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5 the plasma processi ng nethod conprising steps of;

appl ying a high frequency vol tage by the high frequency power source
to the discharge coil to generate a hi gh frequency nmagnetic field

wi thin a vacuum chanber (1) through a dielectric plate (3) so that

el ectrons are 10 accelerated by an 14/@0ction field due to the high
frequency magnetic field to generate plasma within the vacuum chanber
for processing a substrate (6); and controlling a
tenperature of the dielectric plate. 15 2. The pl asna
processi ng nethod as set forth in claim1l1, wherein in the controlling
step, the tenperature of the dielectric plate is so controlled that

t he dielectric plate is heated by a heating device (10) to 80[err]C
or nore. 20 . The plasnma processing nethod as set forth in

claiml for etching ?:EDL 1:3 oxide film wherein the t enperature of
the dielectric platefi ntrolled that the-ei2l ectric plate is
heated to 150 [err]C or nore in the controll%ﬁ%ﬁéﬂep. 25 4,
The pl asnma processing nmethod as set forffh1n 7\_/f

AN/,
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-7 43 - claim1l1 for etching a silicon nitride film wherein the
tenperature of the dielectric plate is so controlled that t he
dielectric plate is heated to 150[err]C or nore in the controlling

st ep. 5 5. The pl asma processing nethod as set forth in

claim2, wherein the tenperature of tfgy2di el ectric plate is SO
controlled that the heating device for heating the dielectric plate is
constructed by a planar heater which satisfies the relation: 10

Sh < Sy x 0.4 where Sh represents an area of the planar heater; and Sy
represents an area of the dielectric plate. 6. The plasm
processing nethod as set forth in claim1, wherein the spiral

di scharge coil is partially or 15 wholly of a nmultiple spiral form

Frig 14




-

7. The plasma processing nethod as set forth in claim1l1, wherein in

the controlling step, the tenperature of the dielectric plate is

adj usted while the tenperature of the dielectric plate is being

nmoni tored. 20 8. A plasma processing apparatus conprising:

a spiral discharge coil (4); 16/20 a high frequency power source
(2) for applying a hi gh frequency voltage to the discharge coil to
generate a hi gh frequency nagnetic field within a vacuum chanber (1)
25 through a dielectric plate so that electrons are

- 44 - accel erated by an induction field due to the high frequency
magnetic field to generate plasma wi thin the vacuum chanber for
processi ng a substrate; and a controller (110) for

controlling a tenperature

Fig.15
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5 of the dielectric plate. 9. The plasma processing apparatus
_as set forth in claim8, further conprising a heating device (10) for
heating the dielectric plate with resistance heat, wherein the
controller controls the tenperature of the 10 dielectric plate so that
the dielectric plate is heated by 17/2Che heating device (10) to 80[err]C

or nore. 10. The plasna processing apparatus as set forth in
claim9, wherein the heating device for heating the dielectric plate
is constructed by a planar heater which 15 satisfies the relation:

Sh < Sy x 0.4 where Sh represents an area of the planar heater; and Sy
represents an area of the dielectric plate. 11. The pl asma
processi ng apparatus as set forth in 20 claim@8, wherein the spiral

di scharge coil is partially or wholly of a multiple spiral form

12. The plasm procegg' aratus as set forth in claim8, further
conprising a pressur (¥ t her nocoupl e (1 2 di sposed on a side

of the dielectric plate, for 25 nonitoring the erature of the
dielectric plate. @
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- 45 - 13. The plasma processing apparatus as set forth in

claim8, wherein the spiral discharge coil (4) is nounted on a ceramc
plate (12) fornmed with a discharge coil fixing groove (9). 5

14. The plasma processing apparatus as set forth in claim 13, wherein
the ceramc plate (12) has a thi cknegy20f 5 mor |ess and an area of
350 cnferr] or less, and wherein the ceramc plate is conprised of a
free-cutting ceramc material. 10 15. The plasna processing
apparatus as set forth in claim 13, further conprising a heating
device (10) for heating the dielectric plate, the heating device (10)
bei ng constituted by a planar heater provided between the ceramc
plate and the dielectric plate. 15 16. The pl asma processing

apparatus as set forth in

Fig 17




claim8, wherein the spiral discharge coil (4) is nounted on a gl ass

plate (11) formed with a discharge coil fixing groove (9).

17. The pl asma processing apparatus as set forth in 20 claim 16, wherein
a thickness of the glass plate is 5 nm or | ess. 18. The

pl asma processi ng apparatus as set fdQypoin claim 16, further
conprising a heating device (10) for heating the dielectric plate, the
heati ng device (10) being 25 constituted by a planar heater provided

bet ween the gl ass - 46 -

plate and the dielectric plate. 19. The plasnma processing
apparatus as set forth in claim8, wherein the spiral discharge coi
(4) is nounted on a free-cutting ceramic plate (12) forned with

a 5 discharge coil fixing groove (9) and divided into plural

Fig.18
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parts, and a glass plate or a ceramc plate (13) is di sposed between
the free-cutting ceramc plate and the dielectric plate. '

20. The plasma processing apparatus as set forth in 10 claim19, wherein
a total area of the plural divided parts of the free-cutting ceramc
plate is larger than 350 cnferr]; 20/2® t hi ckness of each divided part of
the free-cutting ceramc plate is 5 mmor |less; and an area of each
di vi ded part of the free-cutting ceranmic plate is 350 cnierr] or

| ess. 15 21. The plasma processing apparatus as set forth in
claim19, wherein a thickness of the glass plate or ceramc plate is
5 mmor |ess. 22. The plasma processing apparatus as set forth
in claim19, further conprising a planar heater (10) provided 20
between the glass plate or ceramc plate and the dielectric pl at e.
23. The plasm proceigh aratus as set forth in claim 13, wherein
a second ceramc pla el&z ss plate (14) is_ izposed above the
spiral discharge coil. 25 24. -The plasma essi ng apparatus as

set forth in \\“/
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~ 47 - claim 16, wherein a second ceramc plate or glass plate

Z(14) is disposed above the spiral' discharge call. 25. The plasma
processing apparatus as set forth in cl AW e
ceranmic plate or glass plate 5 (14) is di sgosed :'f
d| scharge coil. 26. The plasma praé '

claim13, erein the s slral di scharge coil s partirally or

vvhol ly of a\ﬁﬁIM‘bTeO%pW%P'éﬁh ﬁU&Eat i on. 27. The plasma

pr ocessi ng r f erein the spiral

di schar ge é_? @%ﬁ‘r@ﬁﬁ)& oﬁ#g‘z a&Fsg'h@ rﬂ"%ﬁ"?% e spiral
configuration. 8 Fasma processing apparatus as set forth
in claim19, wherein the splral di scharge coil is partially or

whol Iy of a nultiple spArgliasmenprgeessingmethad and appgraup| adherein

rocessi ng apparatus  conpri sj spi ral, discharge coil (4
ﬁ”ount ed og ap(%ér yation is e%n‘?eqcted whiie a sx.:.t:abl.e pgas is introduced (4

into a vacuum vessel, and then a high frequency voltage is
5 applied by a high frequency discharge coil power socurce to
a spiral discharge coil while the interior of the vacuum
veggel is kept under adequate pressure, whereby a high
frequency magnetic field is generated within the wvacuum
vessel through a dielectric plate sc that electrons are
10 accelerated by an induction field due to the high frequency
magnetic field to generate plasma within the vacuum vessel
for processing a substrate, characterized in that the
dielectric ﬁ:late is heated by a planar heater to 8C°C or
more, whereby the thickness of a thin film tc be deposited
15 on the dielectric plate is substantially reduced thereby to
inhibit dust generation and thus substantially reduce the
fréquency of maintenance required for the dielectric plate.
The apparatus includes a ceramic plate formed with a
discharge ¢oil fixing groove and mounted on the dielectric
20 plate, and the planar spiral discharge coil is mounted on

the ceramic plate.

Figure 2A.
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erl ate (12) forned with a cli scharge coil fixing groove (9);

i gh—freguency power SOUTCE (2) for apptying a 20
W?r%ﬁiféﬁ%mﬁ&?to t he discharge coil to generate a hi gh

 equency magnetic field within a vacuum chanber (1) t hrough a
electric plate so that electrons are accel erated by an induction
el d due to the high frequency magnetic field to generate plasm
thin the vacuum chanber 25 for processing a substrate.

PLASMA PROCESSING METHOD AND APPARATUS

é—hQ_—hjmo

A plasma processing method and apparatus, wherein evaluation is effected while a suitable -
gas is introduced into a vacuum vessel (1), and then a high frequency voltage is applied by a
high frequency discharge coil power source (2) to a spiral discharge coil (4) while the interior
of the vacuum vessel (1) is kept under adequate pressure, whereby a high frequency magnetic
field is generated within the vacuum vessel (1) through a dielectric plate (6) so that electrons
are accelerated by an induction field due to the high frequency magnetic field to generate
plasma within the vacuum vessel for processing a substrate, characterized in that the dielectric

plate (6} is heated by a planar heater (10) to 80°C or more, whereby the thickness of a thin
o film to be deposited on the dielectric plate (6) is substantially reduced thereby to inhibit dust
generation and thus substantially reduce the frequency of maintenance required for the
dielectric plate (16). The apparatus includes a ceramic plate formed with a discharge coil
fixing groove and mounted on the dielectric plate, and the planar spiral discharge coil is
mounted on the ceramic plate.

Fig. 2A.
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