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TITLE OF THE INVENTION 
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SPECIFICATION 

PLASMA PROCESSING METHOD AND APPARATUS 

BACKGROUND OP THE INVENTION 

The present invention relates to a plasma 

processing method and apparatus for use in dry etching, 

sputtering, plasma CVD, and the like and, more 

particularly, ~o a plasma processing method and apparatus 

of a high frequency induction system. 

In recent: yea.rs, 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 processi:l.g' 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 

25 

toward the substrate surface. Furthermore, because of a 

high degree of electrolytic dissociation, there results a 

high incident particle flux ratio of ions to neutral 

radicals arriving at the substrate. For the above-
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mentioned reasons, etching anisotropy is improved by 

generac.ing high density plasma in high vacuum, thereby 

allowing processing to be achieved at a high aspect ratio. 

Furthermore, in the case of plasma CVD, when a 

5 high density plasma is generated in high vacuum, an effect 

of b~rying and flattening a fine pattern can be obtained by 

the sputtering effect with ions, thereby allowing burying 

to be achieved at a high aspect ratio. 

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 apparatus of this system causes a high frequency magnetic 

field to be generated within the vacuum vessel so that an 

induction eleceric field is generated through the high 

frequency magnetic field within. the vacuum 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 processi~g apparatus of the high 

frequency induction system is shown by way of example in 

25 Fig. 8. In Fig. a, evacuaeicn is effected while a suitable 
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gas is being introduced into a vacuum vessel l, and a high 

frequency voltage is applied by a high frequency power 

source 2 for discharge coil ~o a planar spiral discharge 

coil 4 disposed on a dielectric plate 3 while the interior 

5 of the vacuum vessel l is kept under adequate pressure, 

whereupon plasma is generated within the vacuum vessel l, 

it being thus possible to carry out plasma processing in 

connect:ion with such operations as etching, deposition, and 

surface modification with res~ect to a substrate 6 placed 

10 on an electrode s. In this case, a high freq~ency voltage 

is 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 conventional 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. 

Ar:.oth.er issue is that the atmosphere 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 CV'O, in 

the course of thin film deposition on the subserate, 

similar thin films deposit also on the dielectric plate. 

In the case cf dry etching, substances produced through an 

25 etching reaction and/or a vapor phase reaction may become 
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thin-filmed on the dielectric plate. In the course of 

processing cycles being repeated, such film deposits grow 

in thickness and, when the thickness of such f ilrn deposit 

exceeds a certain level, peeling may occur due to film 

s stress, resulting in peeled films falling on the substrate 

in tr..e form of dust. In the conventional system shown in 

Fig. 8, dust generat:ion is likely to occur when only a 

small number of substrates is processed and this requires 

frequent cleaning (~aintenance) of the dielectric plate 

.10 with pure water or ethanol. 

In the course of processing cycles being 

repeated, changes occur in the thickness of film deposition 

as already mentioned, and this results in changes ir. 

radical adsorption and in ehe atmosphere within the vacuum 

15 vessel, that is, partial pressures of reaction species, 

which adversely affect the reproducibility of plasma 

proc::essing. 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 

20 change in the rate of radical adsorption. 

More.over, with the conventional system shown in 

Fig. 18, a.~other 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 

25 upon the dielectric plate 3, with the result that the 
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adhesion bond between the discharge coil 4 and the 

dielectric plate 3 is removed, which gives rise to 

deformation of the discharge coil 4. It has been found 

from experiments that if electric discharge .is effected 

5 continuously for one hour by using Ar gas, the temperature 

of the dielectric plate 3 will rise up co 200 °c. 

Then, it was conceived to :bond the discharge coil 

4 to a ceramic plate or glass plate 15 as shown in Pig.i9, 

then mounting the ceramic plate or glass plate 15 on the 

lO dieleccric plate 3. However, there occurred an issue that 

the discharge coil 4 expanded due to temperature rise with 

the result that: the ceramic plate or glass plate 15 became 

fractured. 

If the discharge coil 4 is deformed, the 

15 distribution density of plasma within the vacuum vessel l 

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 invention is to provide 

a plasma processing method and apparatus which is less 

25 liable to dust generation, requires less maintenance, and 
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exhibits good reproducibility of plasma processing. 

Additionally, an object of the present invention is to 

provide a plasma processing method a.~d apparatus which has 

ics discharge coil stably fixed in position and is free 

S from abnormal discharge possibility in the atmosphere. 

In accomplishing these and other aspects~ 

according to a first aspect. of the present invent.ion, there 

is provided a plasma processing method wherein an apparatus 

including a high frequency power source and a spiral 

lO discharge coil is employed, 

the plasma processing method comprising steps of: 

applying a high frequency voltage by the high 

frequency power source co the discharge coil to generate a 

high frequer.cy magnetic field within a vacuum chamber 

15 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 

controlling a temperature of the dielectric 

20 plate. 

According to a second aspect of the present 

invention, there is provided the plasma processing method 

as set forth in the first aspect, w~erein in the 

controlling step, the temperature of the dielectric plate 

25 is so controlled that the dielectric plate is heated by a 
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heating device to 80°C or more. 

According t.o a third aspect of the present 

invention, there is provided the plasma processing method 

as set forth in the first aspect for etching a silicon 

s oxide film, wherein the temperature of the dielectric plate 

is so controlled that the dielectric plate is heated to 

1S0°C or more in the controlling step. 

According to a fourth 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 

to iso 0 c or more in the controlling step. 

According to a fifth aspect of the present 

lS invention, there is provided th.e plasma processing method 

as set fortb 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 heaeer which saeisfies the relation: 

20 Sh< Sy x 0.4t 

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 

invention, there is provided the plasma processing method 

25 as set forth in the first aspect, wherein the spiral 
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discharge coil is partially or wholly of a multiple spiral 

form.. 

According to a seventh aspect of the present 

invention, there is provided the plasma processing method 

5 as set forth in the first aspect, wherein in the 

controlling step, the temperature of ~he 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 precessing apparatus 

eomprising: 

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 c::hamber through a 

dielectric plate so that electrons are accelerated by an 

induction field due eo the high frequency magnetic field t:o 

generate plasma within the vacuum chamber for processing a 

substrate: a..."ld 

20 a controller for controlling a temperature of the 

dielectric plate. 

According to a ninth aspect of i:he present 

invention, there is provided the plasma procegsing 

apparatus as set forth in the eighth aspect, furt:her 

25 comprising a heating device for heating the dielectric 
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plate with resistance heat, 

wherein the controller controls the temperature of the 

dielectric plate so that the dielectric pla~e is heaced by 

the heating device to so 0 c or more. 

5 According to a tenth aspect of -che present 

invention, there is provided the plasma processing 

apparatus as set forth in the ninth aspect, wherein the 

heating device for heating the dielectric plate is 

constructed by a planar heater which satisfies the 

10 relation: 

Sh< Sy x 0.4 

where Sh represents an area of the planar heater; and Sy 

represents a.~ area of the dielectric plate. 

According to an l.l.th aspect of the present 

15 invention, tbere 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 t.o a 12th aspect of the present 

20 invention, there is provided the plasma processing 

apparatus as set forth in the eighth aspect, further 

comprising a pressure mounted thermocouple, disposed on a 

side of the dielectric plate, for monitoring the 

temperature of tha dielectric plate. 

25 According to a llth 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 ceramic plate formed 

with a discharge coil fixing groove. 

s According to a 14th aspect of the present 

invention, there is provided the plasma processing 

apparat:us as set forth in the 13th aspect, wherein the 

ceramic plate has a thickness of 5 mm or less and an area 

of 350 cm2 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 

apparacus as set forth in the 13th aspect, further 

comprising a heating device for heating the dielectric 

lS plate, the heating device being constituted by a planar 

heater provided between the ceramic plate and the 

dielectric plate. 

According eo a 16th aspect of the present 

invention, there is provided the plasma pro~essing 

20 apparatus as set forth in the eighth ~apect, wherein the 

spiral discharge coil is mounted on a glass plate formed 

with a discharge coil fixing groove. 

According to a 17th aspect of the present 

invention, there is provided the plasma processing 

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

' 
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thickness of ehe glass plate is 5 mm or less. 

According to an 18th aspect of the present 

invention, there is provided the plasma processing 

apparatus as set forth in the 16th aa~ect, further 

5 comprising a heating device for beacing the dielectric 

plate, the heating device being constituted by a planar 

heater provided between the glass plate and the dielectric 

plate. 

According to a 19th 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 ceramic 

15 plate is disposed between the free-cutting ceramic plate 

and the dielectric plate. 

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 

20 area of the plural divided parts of the free-cutting 

ce=amic plate is larger than 350 cm2 ; 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 cm2 or less. 

25 According to a 21st aspect of the present 
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invention, there is provided the plasma processing 

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

thickness of the glass plate or ceramic plate is s mm or 

less. 

According to a 22nd aspect. of the present 

invention, there is provided the plasma processing 

apparatus as sec forth in the 19th 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 

inventionL there is provided the plasma processing 

apparatus as set forth in the 13th, 16th, and 19th aspects, 

wherein a second ceramic plate or glass plate is disposed 

above the spiral discharge coil. 

15 According to a 24th aspect of the present 

invention, there is provided the plasma processing 

apparatus as set forth in the 13th, 16'th, and 19th aspects, 

wherein the spiral discharge coil is partially or 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 mounted on a ceramic or 

glass plate formed with a discharge coil fixing groove; and 

25 a high frequency power source for applying a high 
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frequency voltage to the discharge coil to generace a high 

frequency magnetic field within a vacuum chamber through a 

dielectric plate so that electrons are accelerated by an 

induction field due 1:0 the high frequency magnetic field to 

s generate plasma wiehin the vacuum chamber for processing a 

substrate. 

through such controlling the temperature of the 

dielectric plate, it is possible to substantially redu.ce 

the thickness of a thin film to be deposited en the 

10 dielectric place 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 deYice to 80°C or more, it is 

possible to inhibit dust generation since the film is more 

15 dense in quality than in the case where a lower temperature 

is used. Thus, the frequency of maintenance required with 

respect to the dielectric plate can be noticeably 

decreased. When processing cycles are repeaced one after 

anotr..er, changes, if any, in the thickness of filCt\s 

20 deposited are insignificant, and the rate of radical 

adsorption will remain low without any appreciable change, 

because the temperature of the dielectric plate is kept 

high. Therefore, the atmosphere within the va-::uum chamber, 

t.hat is, partial pressure of reaction species, is kept 

25 stable, and this enables effective plasma pr~cessing with 
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good reprodueibility. 

According to the third and fourth aspects of the 

present invention, in ehe case of plasma processing for 

silicon oxide film etching or silicon nitride film etching, 

5 the dielectric plate is heated to l50°C or more, and this 

provides, in addition to the above mentioned advantage, a 

further advantage that adsorption of CF-based radicals, 

such as CF and CF2 , on the dielectric plate is noticeably 

decreased so that deposition of CF-based polymers on a 

10 substrate polysilicon is enhanced, which results in 

improvement in the select ratio of silicon oxide film or 

silicon nitride film I polysilicon 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 very much 

simplified. Assume that the area of the planar heater is 

Sh and the area of the dielectric plate is Sy. If th.e 

2C 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 

resistance 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 
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unstable; some reflected high frequency power may be 

produced; and in some extreme case, electric discharge 

cannot be maintained. 

According to the sixth and tenth aspects of the 

s 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 llth 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, th.e atmosph.ere 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 llth 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 thermocouple 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 control can be performed with less 

25 mal.function possibility. This, coupled with the fact that 
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the pressure contact type thermocouple has good thermal 

responsiveness, enables accurate temperature control. 

According to the 13th and 25th aspeces, in the 

event of any rise in the temperat\!re of the dielectric 

s plate due to heating by high energy ions impinging upon the 

dielect:ric plate, the engagement between the discharge coil 

and the ceramic plate is not liable to be damaged, nor !s 

the discharge coil liable to become deformed. Even if the 

discharge coil should expand due to temperature rise, the 

10 ceramic plate is not liable to breakage becai.;.se the 

discharge coil and the ceramic plate are not in adhesion 

bond, that is, the coil can move in the groove in 

accordance with the expansion of the coil. 

According to the 14th aspect, the ceramic plate 

15 is preferably comprised of a free-cutting ceramic with a 

thickries~' of 5 mm or less and an area of 350 cm2 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. Kopwood, "l?lanar RF induction plasma coupling 

efficiency", Plasma Sources Sci. Technol, 3 (1994), pp.460-

464. Already, it has been verified that where the area of 

a ceramic plate is 350 cm2 or less, no cracks will occur 

with the ceramic plate, even if the ceramic plate is made 

25 of an inexpensive, free-cutting ceramic material and is 5 

~· . 
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mm or less in thickness. Therefore, in case that the 

ceramic plate is 350 cm2 or less in area, the ceramic plate 

may be of a free-cutting ceramic material and 5 mm or less 

in thickness, whereby the plasma processing apparatus which 

5 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 

lO the temperature of the dielectric plate, prevent dust 

generation, and achieve maintenance cycle improvement. 

According to the 16th and 25th aspects, the 

planar spiral discharge coil may be provided on the glass 

plate formed with the discharge coil fixing groove. The 

15 use of the glass plate in pl~ce of the ceramic plate in 

this way will provide the similar ef feet. 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 plasm.a 

processing apparatus which exhibits good power efficiency 

20 can be obt:ained. According to the lSth aspect, the 

provision of the planar heater betwe~n the glass plate and 

the dielectric plate can provide the same ef feet as earlier 

mentioned. 

According to the 19th aspect, the planar spiral 

25 discharge coil may be mounted on the f~ee-cutting ceramic 

- ; '. 

-.. 
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plate which is formed with the discharge coil fixing groove 

and divided into the plural parts, and the glass plate or 

ceramic plate is disposed between the free-cutt!ng ceramic 

pla't.e and the dielectric plate. Throug!l this arrangement, 

5 in the event of any rise in the temperat.u.re of the 

dielectric plate due to heacing by high energy ions 

impinging against: the dielect:ric plate, the engagement 

between the discharge coil and the free-cutting ceramic 

plate is not liable to be damaged, nor is che discharge 

10 

15 

coil liable to become deformed. In t:.he case where the 

free-cutting ceramic plate is divided into parts, the 

presence of the glass plate or ceramic plate preven~s any 

possible occurrence of abnormal electric discharge in the 

atmosphere. 

According to the 20th aspeot, in the case where 

the total area of the free-cutting ceramic plate divided 

into plural parts is larger than 350 cm2 , each divisional 

part of the free-cutting ceramic plate should be s mm or 

less in thickness and 350 cm2 or less in area, a.11d 

20 according to the 21st aspect, the glass place or ceramic 

plate should be s mm or less in tnicknesa. Th~ough this 

arrangement, it is possible to provide the plasma 

processing apparatus which eliminaces any possible 

occurrence of cracks with the free-cutting ceramic plate in 

25 the same manner as earlier mentioned, and which is less 
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expensive and can exhibit good power effic-iency. According 

to t:.he 22nd aspect, the provision of the planar heater 

between the glass plate or ceramic plate and the dielectric 

plate can also provide the similar advantage. 

5 According to the ~Jrd aspect, in t.te above 

described arrangement, the second ceramic plate or glass 

plate may be provided above the planar spiral discharge 

coil. This provides more firm. engagement between th.e 

discharge coil and the ceramic plate or glass plate which 

lO is formed with the discharge coil fixing groove, and can 

therefore serve to more 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 tb.e 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 following 

description taken in conjunction with che preferred 

embodiments thereof with reference to the accompanying 

drawings, in which: 

Fig. l is a schematically perspective view 

25 showing the arrangement of a plasma processing apparatus 
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according to a first embodiment of the present invention; 

Fig. 2A is a seccional view showing the 

arrangement of the plasma processing apparatus of the first 

em1'odiment; 

5 Fig. 2B is a sectional view showing a pressure 

contact type thermocouple disposed on a side of a 

dielectric plate in the apparatus; 

Fig. 3 i$ a plan view of a planar heater in the 

plasma processing apparatus of the first embodiment; 

lO Fig. 4 is a graph showing measurement reS"..ilta 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; 

15 Fig. 6 is a plan view of a planar spi~al 

discharge coil in a second embodiment of the present 

invention; 

Fig. 7A is a structural diagram of a plasma 

processing apparatus aoc:ordin9 to a third embodiment of th.e 

20 present invention; 

Fig. 7B is a seceional vie~ of the apparatus in 

Fig. 7A; 

Fig. 8 is a perspective view showing a schematic 

arrangement of a conventional plasma processing apparatus; 

25 Fig. 9 is a sectional view showing the 
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arrangement of a plasma processing apparatus representing 

a fourth embodiment of the present invention; · 

Fig. 10 is a sectional view showing a modified 

form of the plasma processing apparatus of ::he fou=th 

5 embodiment; 

Fig. ll is a sectional view showing the 

arrangement of a plasma precessing apparatus according to 

a fifth embodiment of the present invention; 

Fig. 12 is a sectional view showing a modified 

10 form of the plasma processing apparatus of the fifth 

embodiment; 

Fig. 13 is a sectional view showing the 

arrangement of a plasma processing apparatus according to 

a sixth embodiment of the present invention; 

15 Pig. 14 is a plan view showing the configuration 

of a free-cutting ceramic plate in the plasma processing 

apparatus of the sixth embodiment; 

Fig. 15 is a sectional view showing a modified 

form of th.e sixth embodiment. 

20 Fig. 16 is a sectional view showing the 

arrangement of a plasma processing apparatus according to 

a seventh embodiment of the present invention; 

Fig. 17 is a plan view showing the configuration 

of a free-cutting ceramic plate in a plasma processing 

25 apparatus of an eighth embodiment; 
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Fig. 18 is a sectional view showing a schematic 

arrangement of a conventior..al plasma processing apparatus; 

and 

Fig. 19 is a sectional view showing a schematic 

s arrangement of another conventional plasma processing 

apparatus. 

DE~AILED DESCRIPTION OF THE PREFER.RED EMBODIMENTS 

Before the description of the present invention 

lO proceeds, it is to be noted 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 

15 reference to Figs. l to s. 

In Figs. l and 2A, evacuation is performed while 

a suitable gas is being introduced into a vacuum chamber, 

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

applied by a high frequency power source 2 for discharge . 

20 coil to a planar spiral discharge coil (of multiple spiral 

form) 4 wnile the interior of the vacuum vessel l 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 

25 modification, to be performed with respect to a substrate 
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6 placed on an electrode S. In this case, as Figs. l and 

2A show, a high frequency voltage is applied by a high 

frequency pvwer source 7 for electrode =o the electrode 5, 

whereby ion energies reaahing the substrate 6 earl be 

5 controlled. A pressure contact type thermocouple 108 shown 

in Fi~. 25 and a planar heater 10 which are mounted on a 

dielectric plate 3 are connected to a heater temperature 

controller 110 so thac the temperature of the dielectric 

plate 3 may be controlled to any desired temperature. A 

10 heat insulator lll is provided between t.he planar heater 10 

and the planar spiral discharge coil 4 so that the planar 

spiral discharge coil 4 will not be overheated. The 

pressure contact type the-rmocouple 108 has a spring l08a 

for coming into contact with the side surface of the 

15 dielectric plate 3 under pressure so as to detect the 

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

Reference numeral 900 denotes an o-ring for sealing between 

the dielectric plate 3 and the vessel l. Preferably, 

conducc:.ors of th.e heater 10 is generally uniformly arranged 

20 in the whole area thereof. That is, where n is any real 

number ar..d s is the whole area of the heater lo, the 

conductors of the heater 10 is generally uniformly arranged 

at each divided area S/n. 

The planar heater lO, as shewn in Fig. 3, is so 

25 config-~red as to satisfy the relation: 
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Sh < Sy x 0.4 

where Sh represents the area of the planar heater 10 and Sy 

represents the area of the dielectric place 3. 

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

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

all parts coming into 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 subjecced to etching for 5 minui:es under 

conditions such that kind of gas and flow rate thereof, 

pressure, high frequency power applied to planar spiral 

discr.arge coil, and high frequency power applied to 

electrode were respectively set at C4F8 I H2 • so I 15 

15 seem, 10 mTorr, 1000 W, and 300 w. Measurement results 

with respect to thickness of films deposited on dielectric 

plate 3, and silicon oxide film I polysiliccn etching 

select ratio are shown in Figs. 4 ands. 

I~ 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 can be seen from Fig. S that when the 

dielectric plate 3 is heated to 1S0°C or more, a higher 

silicon oxide film I polysilicon etching select ratio can 

25 be obtained. 
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A large number of substrates with silicon oxide 

film deposited thereon were subjected to etching under the 

same etching conditions as above noted. In the case of 

there being.no provision of planar heater 10, as cycles of 

S processing were repeated one after another, the tel'l".perature 

of dielectric plate 3 gradually increased, whereas in case 

that there was provided a planar heater 10 and that the 

temperature was set at 60°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 

±l5°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 

processed1 whereas when a planar heater 10 was provided, 

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 aft:er 100 substrates were processed. ln tne 

case of there being no provision of planar heater lO, an 

etching rate reproducibility of ± 8 % was witnessed.with 

20 respect to continuously processed ·series of 15 sheets, 

whereas in case that a planar heater 10 was provided, with 

a temperature setting of eo 0 c made for the dielectric plate 

3, etching rate reproducibility was as good as :!: 2 % ~ 

Etching rate reproducibility was calculated according to 

25 the relation~ 
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( (Vmax - Vm1n> I Vavel x SO 

where, Vmax is maximum etching rate value; Vmin is minimum 

etching rate value; and Vave is average etching rate value. 

In the foregoing embodiment, the dielectric: plate 

S 3 is circular in shape. However, the dielectric plaee 3 

may be even rectangular in shape, in which case the planar 

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 

io the area of tbe dielectric plate 3. 

Where this relation holds, tb.e high frequency 

magnetic field due to the planar spiral discharge coil 4 is 

formed within the vacuum vessel l without being interrupted 

by t:he 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 

reflected 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 lS0°C or more, high silicon oxide film I polysilieon 

etching select ratio can be obtained. It is needless to 

say, however, that in the case of silicon nitride film 

etching as well, high etching select ratio can be obtained 

25 relative to polysilicon etching. 
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In the above described embodiment., for the planar 

spiral discharge coil is used a multiple spiral coil of low 

inductance. Alternatively, 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 bell-shaped configuration in 

three dimensions. 

While in the above described mode, etching of 

10 silicon oxide film and silicon nitride film is taken up by 

way of example, the present invention may also be 

applicable to the etching of aluminum alloy, polysilicon, 

polycide and the like, as well as to the depositing (CVO} 

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

15 As is apparent from the foregoing description, in 

the plasma processing method and apparaeus 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 

substantially reduce the thickness of a thin film 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 mere 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 
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processing cycles are repeated one after another, changes, 

if any, in the th~ckness of films deposited are 

insignificant, and the rate of radical adsorption will 

remain low without any appreciable change, because the 

S temperature of the dielectric plate is kept high. 

Therefore, the atmosphere within the vacuum vessel, that 

is, partial pressure of reaction species, is kept stable,· 

and th.is enables effective plasma processing with good 

reproducibility. 

lO In th.e case of plasma processing for silicon 

oxide film etching or silicon nitride film etching, the 

dielectric plate is heated to 1S0°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 CF2 , on the dielectric plate is noticeably 

decreased so that deposition of CF-based polymers on a 

substrate polysilicon is enhanced, resulting in improved 

select ratio of silicon oxide film or silicon nitride film 

I 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 heater is Sh and the area of 

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

25 is satisfied, a high frequency magnetic field due to the 
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planar spiral discharge coil is produced within the vacuum 

vessel without being interrupted by the. planar resistance 

heater. Thus, electric discharge can be well maintained. 

Preferably, the planar spiral discharge coil 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 

10 plate is being monitored. Thus, adsorption of radicals on 

the dielectric plate remains low without any eubstancial 

change. Therefore, the atmosphere within the vacuum 

vessel, 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 frequency noise and, thus, temperature control can 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 
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apparatus according to the invention will new be described 

with reference to Figs. 9 and 10. 

In Fig. 9, a vacuum vessel l is evacuated while 

a suitable gas is introduced therei:ito and, with the 

5 interior of the vacuum vessel l 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 

discharge coil 4 mounted on a ceramic (alumina) plate a 

having a thickness of s mm which is formed with a discharge 

lO coil fixing groove 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 

to a substrate 6 placed on an electrode s. The lower part 

of the spiral discharge coil 4 is inserted into the fixing 

15 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 o.s-o.6mm, and the width of the coil 4 is 0.2mm. 

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

electrode S by a high frequency electrode power source 7 as 

20 shown in Fig. 9, whereby ion energies reaching the 

substraee 6 can be controlled. It is noted that reference 

numeral 3 designates a dielectric plate. 

A plurality of substrates 6, each with a. sao nm 

thick silicon oxide film deposiced thereon, were etched in 

25 succession under work conditions such that gas species and 
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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 c4F8 / 

H2 .. 50 I 15 seem, 10 mTorr, 1000 W, and 300 W. The 

5 temperature of the dielectric plate J 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. 

However, the engagement between the discharge coil 4 and 

io the ceramic plate a 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 no breakage of the ceramic plate 8, because such 

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

J.5 the groove 9 . 

In the above descri1'ed fourth embodiment, alumina 

is used as the material for the ceramic plate a. As an 

alternative, zirconia or the like may be used. In 

particular, it has been found that as long as the area of 

20 the ceramic plate 8 is 3 so cm2 or less, no cracks occur 

with the ceramic plate a even if the ceramic plate a is 

comprised of a less expensive free-cutting ceramic and is 

5 mm thick or less. Therefore, where the area of the 

ceramic plate a is 350 cm2 or less, it is possible to 

25 provide a plasma processing apparatus which is less 

' ..... 
·•. ·~ 
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expensive and has good power efficiency by using a free­

cutting ceramic material for the ceramic plate a. 

A planar heater 10 may be disposed between the 

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

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

temperature of the dielectric plate 3, prevent dust 

generation, enlarge maintenance cycle, and improve 

reproducibilit:y. 

As examples of generally well known free-cutting 

10 ceramics many be mentioned "MACER.ITS" of Mitsui Kozan 

Material Co., and 11 Photoveel" of Sumikin Photon Ceramic Co. 

Next, a fifth embodiment of the plasma processing 

apparatus of the present in~ention will ne described with 

reference to Figs. 11 and 12. 

15 In Fig. ll, a vacuum vessel i is evacuated while 

a suitable gas is introduced thereinto and, with the 

interior of the vacuum vessel 1 k>eing 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 coil 4: mounted on a glass plate 11 having a 

thickness of 5 mm which is formed with a discharge coil 

fixing groove 9, whereupon plasma is generated within the 

vacuum vessel 1 to enable a plasma processing, such as 

etching, deposition, or surface modificationr to be given 

25 to a substrate 6 placed on an electrode 5. The lower part 
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of the spiral discharge coil 4 is inserted into the fixing 

groove 9 so as to be capable of moving the coil 4 therein. 

In this case1 a high 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 su:bstrates 6, each with a 500 nm 

thick silicon oxide film deposited thereon, were etched in 

10 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 C4F8 I 

H2 = SO I 15 seem, lO 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 pla.te 3 reached 200 °c. 

However, the engagement between the discharge coil 4 and 

20 the glass plate ll was in no way dam.aged. There was no 

deformation either of the discharge coil 4. Expansion of 

the discharge coil 4 occurred due to temperature rise, but 

there was no breakage of the glass plate ll, because such 

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

25 the groove 9. 
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In the above described fifth embodiment, the 

glass plate ll is disposed in contact with the dielectric 

plate 3 . However, a planar heater lO may be disposed 

between the glass plate 11 and the dielectric plate 3 as 

S shown in Fig. 12. By so doing it is possible to stabilize 

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 to 15. 

In Fig. 13, a vacuum vessel l is evacuated while 

a suitable gas is introduced thereinto and, with the 

interior of the vacuum vessel l being kept under a suitable 

15 pressure, a high frequency volcage is applied by a high 

f requeney discharge coil power source 2 to 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 l to enable a plasma processing, such as 

etching, deposition, or rr..irface modification, to be given 

to a substrate 6 placed on an electrode s. The lower part 

of the spiral discharge coil 4 is inserted into the fixing 

grooves 9 so as to be capable of moving the coil 4 therein. 

25 In this case, a high frequency voltage is applied to the 
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electrode 5 by a high frequency electrode power source 7 as 

shown in Fig. 13, whereby ion energies reaching the 

substrate 6 can be controlled. It is noted that reference 

numeral J designates a dielectric plate. It is noted that 

S 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 cm2 or less 

in area. Further, a glass plate or ceramic plate 13 is 

provided between the free-cutting ceramic plate 12 and the 

10 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 

lS to discharge coil of planar thin type, and high frequency 

power applied to electrode are respectively set at C4F8 I 

H2 • SO I 15 seem., 10 mTorr, l.000 W, and 300 W. The 

temperature of the dielectric plate 3 tended to rise due to 

heating by high energy ions impinging upon the dielectric 

20 plate 3, and at the tenth one of the subs=rates, 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. 

25 Expansio~ of the discharge coil 4 occurred due to 
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temperature rise, but nevertheless there was no breakage of 

the free-cutting ceramic plate 12, because such expansion 

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

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

5 plate 13 provided between the free-cutting ceramic plate 12 

and the dielectric plate 3, there was no occu.=rence of 

abnormal electric discharge in the atmosphere despite the 

fact that the free-cutting ceramic plate 12 was divided 

into parts. 

lO It has been found that if the area of the free-

cutting ceramic plate is larger than 350 cm2 , cracks are 

likely co occur with the free-cutting ceramic plate, and 

tnat as long as the area of the free-cutting ceramic plate 

is not more than 350 cm2, the free-cutting ceramic plate is 

15 not liable to crack even if the thickness thereof is. S mm 

or less. Therefore, by arranging that individual 

divisional parts of the divided free-cutting ceramic plate 

are each not more than 350 cm2, it is possible to prevent 

each such part from cracking and c:.hus 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 lO may be provided between the glass 

plate or ceramic plate 13 and the dieleciric plate 3. In 

this case, it is possible to scabilize the temperature of 

25 the dielectric plate 3, prevent dust generation, enlarge 
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maintenance cyele, and enhance repraducibili~y. 

In each of the foregoing embodiments, when a 

second ceramic plate or glass plate is provided above the 

planar spiral discharge coil, the engagement between the 

5 discharge coil and the ceramic plate(s) or glass plate(s) 

which is formed with a discharge coil fixing groove(s) is 

rendered more firm, and this provides for effective 

prevention of any deformation of the discharge coil. One 

example in which such arrangement is applied to the 

lO 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 multiple spiral coil configuration is 

incorporated into the planar spiral discharge coil, the 

configuration of a free-cutting ceramic plates 12· is shown 

20 in ?ig. 17. 

In Fig. lS, the second ceramic plate or glass 

plate 14 is also shown by two-dot chain lines and the 

press1.ire contact type thermocouple 108 is disposed on the 

side of the dielectric plate 3, for monitoring the 

25 temperacure of the dielectric plate 3 as one of the best 
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mode. 

In the above described sixth and seventh 

embodiments, the parts into which the free-cutting ceramic 

plate is divided are four in number. It is understood, 

5 however, that the num.ber_ .. of such parts is not limited to 4. 

According to the arrangement of the plasma 

processing ap~aratus of the present invention, as may be 

clear from the foregoing description, the planar spiral 

disch.arge coil is mounted on the ceramic plate which is 

lO fo=med with the discharge coil fixing groove. Therefore, 

in the 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 not liable to 

15 be damaged, nor is the discharge coil liable to 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. 

20 The ceramic plate may be comprised of the free-

cuttinq ceramic material and 5 mm or less in thickness, 

whereby a plasma processing apparatus which is inexpensive 

and exhibits good power efficiency can be provided. 

Through provision of the planar heater between 

25 the ceramic plate and the dielectric plate, it is possible 
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to stabilize the temperature of the dielectri.c 51late, 

prevent dust. generat:ion, and achieve m.aintenance cycle 

improvement. 

The use of a glass plate in place of the ceramic 

5 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. 

Also, through provision of the planar heater between the 

10 glass plate and tne dielectric plate, the similar effect 

ca.~ be obtained. 

Where the planar spiral discharge coil is 

disposed on the free-cutting ceramic plate which is formed 

with the discharge coil fixing grooves and divided int:o 

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 diacr...arge 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 cm2, each divisional part of the free-cutting 
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ceramic plate should be 5 mm or less in thickness and 350 

cm2 or less in area, and the ·glass plate or ceramic plate 

should be 5 mm or less in thickness . Through this 

arrangement, it is possible to provide the plasma 

5 processing apparatus which eliminates any possible 

occurrence of cracks with the free-cutting ceramic plate in 

the same manner as earlier mentioned, and which is less 

expensive and can exhil::>it good power efficiency. The 

provision of the planar heater between the glass plate or 

lO ceramic plate and the dielectric: plate can also provide the 

similar advantage. 

In the above described arrangement, the second 

ceramic plate or glass plate may be provided above the 

planar spiral discharge coil . This provides more firm 

1.5 engagement between the disch.arge coil and the ceramic plate 

or glass plate which is formed with the discharge coil 

fixing groove {s) , and can therefore serve to 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. 

Alth.ough the present invention has been fully 

described in connection with the preferred embodiments 

25 thereof with reference to the accompa..~ying drawings, it is 
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to be noted that various changes and modifications are 

apparent to those skilled in the art. Such changes and 

modifications are to be understood as included within the 

scope of the present invention as defined by the appended 

s claims unless they depart therefrom. 
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CLAIMS 

1. A plasma processing method wherein an apparatus 

including a high frequency power source {2) and a spiral 

discharge coil (4) 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 magneeic field within a vacuum chamber (1) 

through a dielectric plate ( 3} so that electrons are 

10 accelerated by an induction field due to the high frequency 

20 

25 

magnetic field to generate plasma within the vacuum chamber 

for processing a substrate (6}; and 

plate. 

2. 

controlling a temperature of the dielectric 

The plasma processing method as set forth in 

claim 1, wherein in the controlling step, the temperature 

of the dielectric plate is so controlled that the 

dielectric plate is heated by a heating device (10} to 80°C 

or more. 

3. The plasma processing method as set forth. in 

claim 1 for etching a silicon oxide film, wherein the 

temperature of the dieleetric plate is so controlled that 

the dielectric plate is heated to 150°C or more in the 

controlling step. 

4. The plasma processing method as set forth in 
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claim 1 for etching a silicon nitride film, wherein the 

temperature of :he dielectric plate is so controlled that 

the dielectric plate is heated to 1S0°C er mo=e in the 

controlling step. 

s. The plasma processing method as set forth in 

claim 2, wherein the temperature of the dielectric plate is 

so controlled that tbe heating device for heating the 

dielectric plate is constructed by a planar heater which 

satisfies the relation: 

Sh < Sy x 0.4s 

where Sh represents an area of the planar heater; and Sy 

represents an area of the dielectric plate. 

6. The plasma processing method as set forth in 

claim l, wherein the spiral discharge coil is partially or 

is wholly of a multiple spiral form. 

20 

7 . The plasma processing method as set forth in 

claim l, wherein in the controlling step, the temperature 

of the dielectric plate is adjusted while the temperature 

of the dielectric plate is being monitored. 

a. A plasma processing apparatus co~prising: 

a spiral discharge coil (4) ; 

a high frequency power source (2) for applying a 

high frequency voltage to the discharge coil to generate a 

high frequency magnetic field within a vacuum chamber (1) 

25 through a dielectric plate so that electrons are 

. ' 
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accelerated by an induction field due to the high frequency 

magnetic field to generate plasma within the vacuum chamber 

for processing a subserate; and 

a controller (liO) for controlling a temperature 

5 of the dielectric plate. 

9. The plasma processing apparatus as set for~h in 

claim a, furt:her 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) to so 0 c or more. 

10. The plasma processing apparatus as set forth in 

claim 9, 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 heacer; and Sy 

represents an area of the dielectric plate. 

ll. The plasma processing apparatus as set forth in 

20 claim a, wherein the spiral discharge coil is partially or 

wholly of a multiple spiral form. 

12. Tne plasma processing apparatus as set forth in 

claim a, further comprising a prassure mounted thermocouple 

(108) , disposed on a side of the dielectric plate, for 

25 monitoring the temperature of the dielectric plate. 
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i3. The plasma processing apparatus as set forth in 

claim 8, wherein the spiral discharge coil (4) is mounted 

on a ceramic plate (12) formed with a discharge coil fixing 

groove (9) • 

14. The plasma processing apparatus as set for~h in 

claim i3, wherein the ceramic plate (i2) has a thickness of 

5 mm or less and an area of 350 cm2 or iess, and wherein 

the ceramic plate is comprised of a free-cutting ceramic 

material. 

15. The plasma processing apparatus as set forth in 

claim 13, further cpmprising a heatir..g device {10} for 

heating the dielectric plate, the heating device (10) being 

constituted by a planar heater provided between the cera~ic 

plate and the dielectric plate. 

16. The plasma processing apparatus as set forth in 

claim 8, wherein the spiral discharge coil (4) is mounted 

on a glass plate (11) formed with a discharge eoil fixing 

groove (9}. 

17. The plasma processing apparatus as set forth in 

20 claim l6, 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 (lO) being 

25 constituted by a planar heater provided between tbe glass 

------------------,_ ..... ,. 
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plate and the dielectric plate. 

19. The plasma processing apparatus as set forth in 

claim 8, wherein the spiral discharge coil (4) is mo~nted 

on a free-cuttins ceramic plate (12) formed with a 

5 discharge coil fixing groove (9) and divided into 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 is larger than 350 cm2 ; 

a thickness of each divided part of the free-cutting 

15 

ceramic plate is 5 mm or less; and an area of each divided 

part of the free-cutting ceramic plate is 350 cm2 or less. 

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 processing apparatus as set forth in 

claim 19, further comprising a planar heater (lO} 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 

--- -------
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claim 16, wherein a second ceramic plate or glass plate 

(14) is disposed above the spiral discharge coil. 

25. The plasma processing apparatus as set forth in 

claim 19, wherein a second ceramic plate or glass plate 

5 (14) is disposed above the spiral discharge coil. 

26. The plasma processing apparatus as set forth in 

olaim 13, wherein the spiral discharge coil is partially or 

wholly of a multiple spiral configuration. 

27. The plasma processing apparatus as set forth in 

lO claim 16, wherein the spiral discharge coil is partially or 

wholly of a multiple spiral configuration. 

15 

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. 

29. A plasma processing apparatus comprising: 

a spiral discharge coil {4) mount.ed on a ceramic 

or glass plate (12) formed with a discharge coil fixing 

groove (9}; and 

a high frequency power source (2} for applying a 

20 high frequency voltage to the discharge coil to generate a 

high frequency magnetic field within a vacuum chamber {l) 

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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