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(54) Amethod and apparatus for producing
an HF-induced noble-gas plasma

(57) Theinvention concernsa method
and apparatus to produce a noble-gas
plasma for excitation in optical emission
spectrometry. The apparatusincludes
an hf generator 8 feeding operating at
the resonant frequency of an oscillation
circuit 1 consisting of at least one
inductor L and one capacitor C1. The
capacitor includes at least two capacitor
plates 10, 11 which are so shaped and
mutually arrangedthatthey enclose a
cavity 12 in which the plasma may form.
Asensor (22, fig 9) may detect the
magneticfield and a regulating circuit 17
may adjust the capacitance of a second
capacitor C2 in paraliel with capacitor C2
to tune the osciliator circuitto the
desired frequency, particularly during
startup.
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SPECIFICATION

A method and apparatus for producing an HF-induced
noble-gas plasma .

5  Theinvention concerns arn apparatus for producing
ahigh-frequercy induced noble gas plasmasuch asis
used in particular in excitation irtoptical emission
spectrometry. The excitation means emplioyedisa
high-frequency generator.

Thenoble gas considered here is helium and/or
argonthat shall be used at normal (atmospheric)
pressure. In recent years such plasmas have assumed
high significance as radiation sources in emission
spectrometry. Diverse methods are known for produc-
ing the plasma. Besides plasma production by means
ofa DC arc (DCP), the other methods used in particular
invalve applying to the gas the energy required to
producethe plasmain the form of high-frequency
electromagnetic oscillations. A problem isincurred
thereby especially when coupling the electromagnetic
power into the gas. lllustratively the operative fre-
guency range from 13 to 100 MHz must be selected for
the generally known inductive coupling, and the
power applied then is between 500 W and several kW
(ICP method). If the coupling is capacitive (CMP
method), a high frequency signal at 2,450 MHz is used
and the power is 0.5-3kW. In both cases the power to
be coupled therefore is exceedingly high.

Afurther method operating at 2,450 MHz is known,
where a power of 50-200W suffices to produce the
plasma, however this method (MIP) causes difficulties
in obtaining a uniformly arcing plasma when different
probes are introduced. In this instance the plasma
tendsto form filamentary arcing channels which
strongly degrade the measurements (see for instance
D. Kollotzek, Spectrochimica Acta, vol. 37B, 2, pp 91-6,
1982).

The initially cited methods (DC arcs, ICP, CMP) are
suitable for comparatively large specimens, butin
view of their high performance they are initially costly.
Moreoverthe consumption of noble gasinsuch
apparatus is between 5 and 20 litre/minute, which
entails high operational costs. On the other hand the
above cited MIP method is comparatively more
economical in purchase cost and furthermore requires
alesser consumption of noble gases (less than 1
litre/minute). However, besides the above menticned
difficulties and lack of plasma uniformity, a further
problem is encountered, namely that the plasma
occasionally extinguishes and always must be re-fired
externally by means of primary ions, forinstance by
anarcdischarge.

Inthe light of the above state of the art, itis the
object of the present invention to create a method and
an apparatus whereby itis possible to produce in
simple manner an essentially uniformly arcing
plasma.

This problem is salved by the invention in that the
energy required for firing and maintenance of the
60 plasmaiscoupledintothe gas through two mutually

opposite capacitor plates between which the plasma

10

20

25

30

35

40

45

50

55

65

70

75

80

85

90

95

100

105

110

115

120

isformed or located, these capacitor plates together
with an inductor forming an oscillating circuitand
being fed with an hf potential ata frequency corres-
ponding to the resonant frequency of the oscillating
circuit. Advantageously the oscillating circuit shalt be
driven ata resonant frequency approximately be-
tween 10and 100 MHz.

The method can be carried out by an apparatus
which is characterised in that the high frequency (hf)
generator of this apparatus is connected to an
oscillating circuit which it feeds, this oscillating cireuit
comprising atleastone inductor and atleastone
capacitor element, this capacitor elementincluding at
least two capacitor plates which are so shaped and
mutually arranged thatthey enclose a cavity wherein
the plasmacan form.

The method and/or the apparatus of the invention
assure that essentially the entire energy transmitted
into the oscillating circuit shall be transmitted into the
gas and after its firing into the plasma because the gas
orthe plasmain some sense is acomponent ofthe
energy transmission system. When the cavity be-
tween the capacitor plates is suitably shaped, a
homogeneous field may be created therein, whereby
the plasma arcs uniformly and without the undesired
formation of channels/filaments. Contrary to the case
forthe above cited CMP and MIP methods, the method
and/or apparatus of the invention allow using excita-
tion frequencies that are lower by one or two orders of
magnitude than in the conventional case.

Advantageously a tube (illustrately 6 mm in dia-
meter with a wall thickness of 1-1¥2mm) made ofan
electrically non-conducting and high-temperature re-
sistant material such as quartz, or quartz glass,
aluminium oxide or boron nitrite is mountedin such a
manner between the capacitor plates that it encloses
the cavity {less the wall thickness). Thereby the
capacitor plates are separated from the gas or plasma
and the gas can be fed in simple mannerto the cavity
between the capacitor components. To prevent over-
heating resulting from extended operation of the
capacitor plates, cooling means, in particular water
cooling elements, are provided in the capacitor plates.

The apparatus can be manufactured in especially
simple manner if the cavity is essentially cylindrical,
the generated electric field then being very
homogeneousinthis cavity. in other preferred
embodiments of the invention, the tube is flattened,
being cylindrical with illustratively an elliptical cross-
section, the homogeneous region of the field being
enlarged thereby and the feed of aerosol being
facilitated. The term ““flattened’ or ““cylindrically
flattened’”” means a tube of which two mutually
opposite and axially extending sidewalls are flattened
or pressed flat. '

In a preferred embodiment ofthe invention, at least
one ofthe capacitor platesis provided with an
aperture directed essentially toward the center of the
cavity whereby plasma radiation can pass through
this aperture to be analyzed outside the apparatus. in
this way itis possible to utilize both the radiation
emitted from the apparatus along the tube axis

The drawing(s) originally filed was (were) informal and the print here reproduced is taken
from a later filed formal copy.
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reverse case, that is when the power in the oscillation

2 GB 2183087 A 2
(together with the gas) and also the radiation portion circuit atthe at the lowest frequency is higher, and the
emitted by the plasma in the other directions. Such a power atthe highestfrequency is lowerthan the
system illustratively may be operated in a closed power at the center frequency, the oscillation circuitis

* circuit after a specimen hasbeeninserted into the moved to a higher resonant frequency. When the
5 noble gas and the spectroscopic test results can be 70 frequency spacings betweenthe lowestand center or
determined over asubstantial length of time, whereby between the center and the highest frequency are
on one hand the gas consumption is minimized and equal (logarithmically), no change inthe resonant
" the signal-to-noise ratio of the test results is increased, frequency of the oscillation circuit is undertaken if the
and onthe other hand the required amount of highestand the lowest supply frequency ofthehf

10 specimenisiowered. 75 generator cause the same test result for the damping/
. Inanespecially preferred embodiment of the power measurement. In that case the center frequency
invention, at least one of the components forming the will be precisely atthe resonant frequency of the
oscillating circuitincludes means to tune its impe- oscillation circuit. Therefore in this preferred embodi-
dance. Inthis manner the oscillating circuit— of which ment of the invention, the hf generatoris driven at

- 15 thefrequencyis basically determined bythegeomet- 80 three fixed frequencies, the center frequency being
- ricand electrical properties of the cavity (forinstance the actual operational one while the two other .
its filler material)— can be tuned to a predetermined frequencies diverging from it are merely used as test
supply frequency of the hf-generator. lllustratively this frequencies. Accordingly the test frequencies need be
will be rquired when the hf generator must operate at present only temporarily, and the regulating circuitis

20 officially prescribed frequencies or when it must 85 designedto be correspondingly slow acting. Thisis

‘operate at afrequency set by the design (resonance very easily done because system changes take place
amplifier). In such a case the oscillating circuit only very slowly or take place mainly whenthe
advantageouslyincludes an adjustable capacitorin apparatus isturned on. This self-regulating system is
series or preferably in parallel with the capacitor especially advantageous when the hf generator must

25 component. Such turnable capacitors are commer- 90 beoperated, on the grounds already discussed above,
cially available and accordingly the apparatus design at afixed frequency.
is substantially simplified and made cheaper. in another preferred embodiment of the present

Ifthe oscillating circuitis a series or parallel circuit, invention, the hf generator includes aninternal
then anincreased hfvoltage is set up between the regulating circuit designed in.such a manner thatthe
capacitor plates, resulting in plasmafiring. According- 95 generator outputfreqguency is automatically set to that
ly no separate energy of firing need be applied after value at which maximum poweris accepted by the
the hf generatoristurnedon, ratherthe plasma is oscillation circuit. In this case therefore the oscillation
self-firing. ' circuitis nottuned, instead the generator output

ltis especially advantageous in the above embodi- frequency istuned {(within a predetermined range} to

35 ment, wherein the oscillation circuitis tunable, that 100 the arbitrary resonant frequency of the oscillation
the impedancetuning means be rmotely controlled. In circuit. ) :
such a case the oscillation circuit can be tuged As regards all the above stated embodiments of the
automatically. ) presentinvention, advantageously the hf generator

In a preferred embodiment of the invention, the willinclude a voltage-controlled oscillatoras the

40 impedancetuning meansthenincludeatestcircuitto 105 oscillating element. Such voltage-controlled oscilla-
measure the power/damping of the oscillation circuit tors are commercially available and by means of little
and further aregulation circuit connected to the test circuitry can be designed to form highly frequency-
circuitand so designed and so connected to a setting stable generators, and furthermore, no phase jumps
member acting on the impedance tuning means that will oceur ifthere is switching between various

45 the oscillation circuitis automatically tunedto the 110 frequencies.
supply frequency of the hf generator. This automatic ltis especially advantageous for the above stated

tuning assures that following changes within the systems that a sensor be mounted near the inductor to
apparatus, forinstance when changing the tube or the measure the magnetic field generated by thisinductor
like, the apparatus after being switched on will and make it available as an (electrical output signal. In

50 automatically adjust itselfto the resonantfrequency of 115 thiscasethe sensorinnoway affects the system
the oscillation circuit. During operation to changesin consisting of generator and oscillation circuit and
the electrical conditions (resonant frequency}are delivers asignal that is substantially proportional to
automatically compensated. the power in the oscillation circuit. A coil ora Hall

. Inapreferred embodiment of the invention, adjust- elementorthelikeis especially well suited as such a

55 mentmeans are so arranged inthe hf generatorthat 120 sensor.
the output frequency of the hf generator can assume In afurther preferred embodiment of the invention
three different and essentially. constant values. In that the hf generator includes a power regulating circuit
casethe regulating and test circuitsare so connected designed and connected in such a manner with the
to the adjustment means that the setting member sensor that the output power of the hf generatoris

60 tunesthe oscillation circuitto alower resonant 125 keptata preselected value. Obviouslythe sensor also
frequency when the power inthe oscillation circuit at can be mounted directly inthe output line of the hf
the highest frequency is higher, and the power at the generator. Such a power-regulated system allows to
fowest frequency is lower than the powerin the keep the power constantin the plasma, whereby

: oscillation circuit atthe center frequency. Inthe simultaneously the temperature is regulated in the
65 130 plasma {with other conditions, for instance gas supply
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being kept constant}.

Advantageously the supply connection fromthe hf
generator to the oscillation circuit is implemented by
means of at least one coil tap of the inductor. In this
manner it is possible to use a generator with standard
outputimpedance (forinstance 50 ohms) and with a
correspondingly standard transmission cable as well
as the conventional connector materials (BNC cables
and connectors) and to achieve nevertheless relatively
reflection-free coupling to the oscillation circuit. As
there may be nevertheless reflections in the cable at
different plasmaimpedances and hence voltage shifts
(interference radiation), advantageously the feed
connection shall be balanced. In that case the reflec-
tion only occurs atthe inner conductors of the (double
conductor, shielded) cable and are substantially
self-compensated.

Further preferred embodiments flow from the
following illustrative Examples discussed more com-
prehensively in relation to the Figures.

Fig. 1 shows the circuit diagram of afirst, preferred
embodiment of the invention with unbalanced cou-
pling,

Fig. 2 shows a circuit diagram similarto Fig. T but
with balanced coupling,

Fig. 3is a schematic sideview of an embodiment of
theinvention,

Fig. 4is atopview of the apparatus of Fig. 3,

Fig.5is a cut-away topview of a capacitor with a
tube located between the plates,

Fig. 6 is a sideview of the apparatus of Fig. 5,

Fig.7is a sectional view of apparatus similar to that
of Fig. 5 but provided with apertures in the capacitor
plates,

Fig. 8 is a partly sectional sideview of the apparatus
ofFig.7,

Fig. 9 shows afirst preferred embodiment of the
invention with a regulating circuit,

Figs. 10 and 11 are two preferred embodiments of
tuned oscillation circuits,

Figs. 12 through 14 are plots of frequency vsfield
intensity of the apparatus of the invention in various
operational modes,

Fig. 15 shows a further preferred embodiment of the
invention with automatic frequency tuning, and

Fig. 16is a preferred embodiment of a power-
regulated hf generator.

The basic design of the apparatus is described
below in closer detail in relation to Fig. 1. As shown by
Fig. 1, an hf generator 8 consisting of an oscillator 21, a
pre-amplifier 256 and a power amplifier 26 is connected
by a cable 7 to an oscillation circuit 1. The oscillation
circuit 1 consists of aninductor Lto the tap of which is
applied the signal, and of a variable capacitor C;
paraliel to the inductor L. Two capacitor plates 10, 11
are connected in parallel to the two components and
together bound a cavity 12. The capacitor plates 10
and 11 form the capacitor C4. By feeding an hf signal to
the oscillation circuit 1, an electrical field is generated
between the capacitor plates 10 and 11, thatisinthe
cavity 12, whereby the gas contained in the cavity 12
can be heated into the plasma state. The frequency of
the hfsignal corresponds to the resonant frequency of
the oscillationcircuit 1, typically 10-100MHz.

Inthe embodiment of the invention shownin Fig. 2,
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the hf generator 8 consists of an oscillator 21 followed
by a pre-amplifier 25, the pre-amplifier feeding two
power amplifiers 26, 26" in push-pull. The outputs of
the power amplifiers 26, 26" are applied to a balanced
line 7 coupled through balanced taps of the coil L to
the oscillation circuit 1. In this design the reflections
caused by mismatching the oscillation circuit 1 to the
wave impedance ofthe cable 7 or the generator8are
reduced.

The mechanical design of the apparatus ofthe
invention is discussed below in relation to an illustra-
tive embodiment (Figs. 3 through 6). This discussion
in particular concerns the design of the capacitor C,.
As shown by the Figs. 3through 6, the capacitor C; is
formed by two condensor plates 10, 11 which are held
in place by means ofthe arms of a capacitor base 4.
The capacitor plates 10, 11 are supplied by (omitted)
ducts with cooling water and are cooled. The capacitor
plates are shaped in the manner of the stator ofan
electric motor so that they define between them an
essentially annular space. This annular space is
bounded by a cylindrical tube 13 on which the
capacitor plates 10, 11 restin essentially hermetic
manner. The tube is made of an electrically non-
conducting and high-temperature resistant material
such as quartz, quartz glass, aluminium oxide or
boron nitrite and is arranged in such amanner
between the capacitor plates that itencloses the cavity
lessthe tube thickness. :

Agenerator 8, i.e.its outputcable 7 with a
corresponding connector, is coupled by means of the
BNCjack 27 to the apparatus shown in Figs.3and4in
such a manner that the signal is fed through afurther
cable segment 7’ to the coil L. The oscillation circuit is
tuned by means of the rotary knob 3 of the capacitor C,
in such a manner thtits resonant frequency coincides
with the supply frequency. If the gas from a supply
conduit5 {Fig. 3) is madeto pass through thetube 13,
then it will be heated by the electrical field between the
capacitor plates 10, 11. Ifa plasma 9 isformedin the
tube 11,theninprinciple thefield lines shown in Figs.
5 and 6 will be setup. This field within the plasma9is
essentially homogeneous and accordingly the plasma
“fires” uniformly. The radiation (of a specimeninthe
firing gas helium/argon) excited in the plasma
together with the gas leaves the tube 13inthe
direction of the arrow A, arriving thereforein the
direction of the tube axis in the free space, where by
means of a suitable detector it can be converted into
an electrical signal and be processed further.In a
preferred embodiment of the invention shownin
closerdetail in Figs. 7 and 8, the capacitor plates 10, 11
are provided with apertures or boreholes 14, 15
located essentially centrally in the capacitor plates 10,
11 and directed essentially at the center of the cavity
12. The radiation also can be emitted through these
boreholes 14, 15inthe direction of the arrow B (Fig. 4)
and thus leave the apparatus. Moreover the radiation
can be emitted from the apparatus in the direction of
the arrow C, thatis between the two capacitor plates
10, 11. Obviously this is only the case if the material of
the tube 13is of a suitable nature (for instance quartz
glass). Alternativly the tube 13 may have a flattened or
elliptical cross-section.

A preferred embodiment of the invention with
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regulation is described below in greater detail in
relationto Fig. 9. As shown by Fig. 9, the hf generator 8
includes a voltage controlled oscillator (VCO) 21 of
which the output signal is amplified by a power
amplifier 24. The gain of the amplifier 24is adjustable
(VCG) by means of a control line. As already described
in relation to Figs. 1 through 4, the oscillation circuit 1
comprises a variable capacitor C,. In this case
howeverthe capacitor C, is remotely adjusted by a
setting member 18, for instance a servomotor in
response to an electrical signal. The servomotor 18is
connected to the output of a regulating circuit 17. A
sensor 22 is mounted nextto the inductor L and picks
up the intensity of the magnetic field generated by the
coil Lwhich itthen feedsin the form of an electrical
signal both to the regulating circuit 17 and to a power
regulating circuit 23. Another output of the regulating
circuit 17 is connected to an adjustmentcircuit 19 in
the generator 8 which in relation to the received input
signals from the regulating circuit 17 makes available
three different (precise) voltage values to the voitage
controlled oscillator 21.

The design of the power regulating circuit 23 is such
thatwhen the field intensity generated by the coil L
differs from a nominal value, the gain of the amplifier
24increases, whilein the reverse case itis descreased.
Inthis manner the power fed into the oscillation circuit
1can bekept constant.

The system frequency tuning is described in further
detail belowin relation to Figs. 12 through 14,
independently of the oscillation circuit 1 designed as
shown in Fig. 9 or designed as shown by Figs. 10 and
11 as a series oscillation circuit with either tuning
inductor (Fig. 10) or capacitor (Fig. 11).

InFig. 12, the curve K, denotesthe field intensity (as
afunction of frequency) before the plasma hasfired,
the curve K; denotes the field intensity when the
plasma has already fired. Thus this plot shows that by
lowering the resistance R, representing the effective
cavity resistance, the system is damped. The system
resonant frequency changes only slightly after the
plasmafires. The regulation takes place as follows:
the oscillator 21 is alternatingly supplied with three
different voltages by the adjustment means 19 so that
its outputfrequency corresponds to the frequencies f,,
f, andf,; when the oscillation circuit 1 is precisely
tunedto the center frequency f, (about 10-100 MHz) of
the generator 8, the positions of the three frequencies
shown in Fig. 12 are obtained. On the other hand, if, as
shown by Fig. 13, the oscillation circuitistunedto a
resonant frequency which is too low, then the curve of
Fig. 13is obtained. This curve shows that the field
intensity is highest at the lowest oscillator frequency
f;, butis lowest at the highest oscillator frequency f,.
Such conditions are communicated by the sensor 22
to the regulating circuit 17, whereupon same so
controlsthe setting member 18 that the capacitance of
the capacitor C, is lowered, hence the curve of Fig. 13
is shifted in the direction of the arrow Y toward higher
values. In the reverse case shown in Fig. 14, the setting
member 18is driven into the opposite direction.
Obviously the “testfrequencies” f;, f, need be fed only
intermittently to the system to achieve essentially
propertuning ofthe frequency. In particularthe
system must betuned when being turned on, when
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possibly the generator 8 or the outputamplifier 24 is
operated atlower power insufficient for firing the
plasma asthe system resonant frequency—inthe
manner already discussed above —does not signifi-
cantly change (see Fig. 12). The supply voltage forthe
capacitor plates is approximately 1-3kV.
Alternatively, the generator 8 need not be control-
led, butthe oscillation circuit 1 is tuned in some other
manner. As shown by Fig. 15, a sensor 22 may be
provided in the oscillation circuit 1, forinstance a

magnetic field pickup near the coil L. The output signal

fromthe sensor 22 thenisfed to a regulator 17 of
which the output is connected to a setting member 18
tuning the capacitor C,. In thisembodiment of the
invention, the reference value fed to the regulatoris
set between three different values {in relation to the
fixed output frequency of the generator 8) as already -
explainedin relation to Figs. 12through 14. The test
results are used similarly to the case of the previous
embodimentto adjust the capacitor C, so that the
oscillation circuit accepts maximum power. In this
case therefore there is no switching of the generator
outputfrequency, rather the oscillation circuit 1 is
tuned to three different frequencies until its center
frequency corresponds to the generator output fre-
quency.

Afurther preferred embodiment for frequency
tuning the generator 8is shownin Fig. 16. In thiscase
the output power from the generator 8 is detected by a
sensor 16 and fed to the input of a regulator 20. The
output ofthe regulator 20 is connected to the control
input of the VCO 21 of which the output is connected to
the input of the power amplifier 26. Similarto the
regulator 17, the regulator 20 includes a subsequent
adjustment means 19. But the essential difference
with respect to the circuit of Fig. 9 is that instead of the
resonant frequency of the oscillation circuit 1, itis the
center frequency f, together with the two different
frequenciesf; and f, which are shifted for tuning.
CLAIMS

1. Amethod of producing an hf-induced noble-gas
plasma, characterised in that the energy required for
firing and maintaining the plasmais coupled into it
capacitively by means of two mutually oppositely
located capacitor plates within which the plasmais
formed orlocated, the capacitor plates forming .
together with an inductor an oscillation circuitand
being supplied with an hf voltage of which the
frequency corresponds to the resonant frequency of
the oscillation circuit.

2. Amethodas claimedin claim 1, characterisedin

thatthe oscillation circuit is driven at a resonant
frequency substantially between 10 and 100 MHz.

3. Apparatus for producing an hf-induced noble-
gas plasmaincluding an hf generator and characte-
rised inthat the hf generatorfeeds an oscillation
circuit which is resonant atfiring and during subse-
quentoperation and consists of atleast one inductor
and at least one capacitor, and in that the capacitor
comprises at leasttwo capacitor plates so shaped and
arranged with respect to each otherthatthey enclose a
cavity within which the plasma may form.

4. Apparatus asclaimedinclaim 3, characterised
inthat a tube made of an electrically non-conducting
and high-temperature resistant material suchas

o



GB 2183087 A 5

10

15

20

25

30

40

45

50

b5

60

65

quartz, quartz glass, aluminium oxide or boron nitrite
is arranged in such manner between the capacitor
plates thatitencloses the cavity less the tube
thickness.

5. Apparatusasclaimedinclaim 3 or4, characte-
rised Iinthat the cavity is shaped in cylindrical or
flattened-cylindrical manner or has an elliptical cross-
section.

6. Apparatusasclaimedinclaim3,40rb
characterized in that at least one of the capacitor
platesis provided with an aperture essentially
directed atthe center of the cavity in such a manner
thatradiation from the plasma can pass through the
aperture.

7. Apparatus asclaimedin any ofclaims 3to 6,
characterised in thatthe oscillation circuit is designed
as a series or parallel oscillating circuit whereby atthe
time offiring an increased hf voltage is builtup
between the capacitor plates.

8. Apparatusasclaimedinanyofclaims3to7,
characterised in that at least one of the components
forming the oscillation circuit includes means for
tuning itsimpedance.

9. Apparatus asclaimed in claim 8, characterised
in that the oscillation circuitincludes an adjustable
capacitor.

10. Apparatus asclaimedinclaim9whereinthe
adjustable capacitor is connected in parallel with the
capacitor of the oscillation circuit.

11. Apparatusasclaimedinclaim8,9o0r 10
characterised in thatthe impedance-tuning means are
remotely-controllable.

12. Apparatusasclaimedinclaim 11, characte-
rised in thatthe impedance tuning meansinclude a
test-circuitto measure power/damping in the oscilla-
tion circuitand a regulation circuit connected to this
oscillation circuit and so designed and so connected to
a setting member actuating the impedance tuning
means that the oscillation circuitis automatically
tuned to the supply frequency of the hf generator.

13. Apparatusasclaimedinclaim11or12,
characterised in that adjustment meansin the hf
generator are so arranged that its output frequency is
adjustable to three different and essentially constant
values, and in that the test and regulation circuits are
so connected to the adjustment means that the setting
member tunes the oscillation circuitto a higher
resonant frequency when the power in the oscillation
circuitatthe highest frequency is higher than the
power at the center frequency and when the poweris
lower atthe lowest frequency than atthe center
frequency and in thatin the reverse case the oscilla-
tion circuitis tuned to a lower resonant frequency.

14. Apparatusasclaimedinanyofclaims3to 13,
chaaracterised in thatthe hf generatorincludes an
internal regulation circuit so designed that the output
frequency of the hf generator is automaticaily ad-
justed to the value at which the oscillation circuit
accepts maximum power.

15. Apparatusasclaimedinanyofclaims3to 14,
characterised in that the hf generatorincludes a
voltage controlled oscillator.

16. Apparatusasclaimedinany ofclaims 12to 15,
characterised in that a sensoris so designed and
arranged in space near the inductorthat a signal
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proportional to the magnetic field of the coilis -
presented atthe sensor output.

17. Apparatusasclaimedin claim 16, characte-
rised in thatthe hf generatorincludes a power
regulating circuit so designed and so connected with
the sensorthatthe output power of the hf generatoris
maintained at a predetermined value.

18. Apparatus asclaimedin any ofclaims3t0 16,
characterised in thatthe feed connection from the hf
generatorto the oscillation circuitisimplemented by
atleast one coil tap of the inductor.

19. Apparatusasclaimedinany ofclaims3to 18,
characterised in that the feed connection of the hf
generatorto the oscillation circuitis balanced.

20. Amethod of producing an hf-induced noble-
gas plasma, substantially as hereinbefore described
with reference to the accompanying drawings.

21. Apparatusfor producing an hf-induced noble-
gas plasma, substantially as hereinbefore described
with reference to the accompanying drawings.
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