A MAGNETI C FI ELD GENERATI NG APPARATUS AND A PLASMA GENERATI NG APPARATUS FOR

USE THEREW TH The present invention relates to a plasma generating 5

apparatus, and to a magnetic field generating apparatus for such a plasm
generating apparatus. Plasma generating apparatus utilising elect

cyclotron resonance is known, and it is=known to use such 10 éggg%dﬁss;LF-{f
for the etching or deposition of the surface of sem conductor substrates.

For exanpl e, such apparatus i.s disclosed in Japanese Laid open patent No.

16732/ 1990. However , At MAGNERT g_mt@mmamnNg KFPARARTUD | ENDakl e 15 to
provide a uniforme g to the
present invention t E'RS% %% m@%ﬁ@%ﬂ%ﬁw&@ ppar at us
for a plasma generating apparatus, said magnetic field generating apparat

20  comprising mgncdissint! $ndEREIEH BU1EEALS ol P PR RAlie ARG AT

out put connected to energise said magnetic genér at 1 ng “means,

functi o gerRRRATATUSNPRYNEAES| ‘Zﬁﬁ@eﬁéﬁn@-e\lﬁegépﬁr%id‘gsﬁﬁﬂ?é%q*z‘%%gf%ans
i s arranged guytH &€ g VEsma ggﬁ@ygtihgnabpgggﬁhgald function generator and 25
to generate a voltage signal- synthesized fromsaid function generator

out put signal and a reference voltage, wherein said generated voltage
signal is appH(ﬂPIasmajgepemetlagppppanbtub hsladsangeéhamtqqﬂy'an output
to said nag whi d

dependence trﬁ)dnf%%%% dre%%&g%ﬁ%é {nggagr hg &% ér@"e'ﬂ%n ‘H: u%%u cle
of the Munctanpnexptes af@r thej ﬂtchengapgedepspsmlong ofnhe sunfage m%

in the ran@%éhiﬁéh&&béé$tsuEBErHEQH'at?QrSHRBhﬁlépp%H@%‘ébﬁé%%ﬁﬁﬁﬂ&%'C

field 35 generatl g means enables a _nore uniformion density distribution @@
to be obtai FEFHHRTLE HEn ndgRaReESS Lefd openppatent No. 16732/1990. =

However, the known apparatﬁs is not, for example, able
15 to provide a uniform etch or deposition rate for the wafer.

According to the present invention there is provided a
magnetic field generating apparatus for a plasma generating
apparatus, said magnetic field generating apparatus

20 comprising magnetic field generating means, a power supply
having an output connected to energise said magnetic field
generating means, a function generator, and synthesizing
means, wherein said synthesizing means is arranged to
receive an output signal from said function generator and

P

25 to generate a voltage signal synthesized from said. function
- generator output ‘'signal and a reference voltage,-wﬁerein
"\ said generated voltage signal is applied to said power
supply which is arranged to apply an output to said L.
magnetic field generating means which is modulated in ._:"‘
30 dependence upon said generated voltage signal, and wherein
the duty cycle of the function generator is in the range
0.1 to 0.9 and its frequency is in the range 0.1Hz to 10Hz.
The modulated supply applied to the magnetic field
35 generating means enables a more uniform ion density

distribution to be obtained when the magnetic field

L



generated is applied in a plasm generating apparatus. Preferably, said
magnetic field generating neans conprises at | east one el ectromagnetic

coil, and wherein 5 said power supply is a current power supply and is
arranged to supply current, nodul ated i n dependence upon said generated
vol tage signal, to said coil. The wavef or@-of the output signal of said

function 10 generator nmay be arranged to be a square wave, a sawm ooth
wave, a screw thread wave, a sine wave, or the like. The invention also
extends t0 a RYedw¥a el alAtdgil iR alrtdl ol igtinegax im0 Bpipar dtud .d
generating apparatus 15 as defined. above. In an enbodi nent of such a

pl asma generating apparatus, the duty cycle and the frequency of said
functi p gener at or Pareef esrakslnge csasik magreat itch f diedrd @mrta)tl’ﬂg megrs ri buti on
O sal 2appal b ot W YA |0nd |d¥ec RGN ALY WRON Sidrdiee! O
generatrn means “conpri ses two colls, supp e|ng arranged
ener.gi se | @add peweyr supplxdis $ ctséra!ltp@mrers@m Ymiifl gs ag'é:‘anged

arranged to Splsi q&"cﬁiﬁ‘e&@”nﬁﬁult&éaaqfh ‘3(5:%3‘1 upoirl Baid
Al ternatively, said power supply % be arran ed to supply nodul at ed

current to onQQHeFﬁﬁﬁftYR}F§QQ:§1 A B8 G936t supply means may be
arranged to supply a further nodul ated current to the other of said two
‘coils. 30 The plas ener i n ratu con'rrs a_n enerating
chanber having a g %%ﬁagéﬁf ﬁﬁgey ﬁhﬁﬁﬁégiﬂﬁf¥m Y the
interior 16f tbendnaﬂmr May bnuqﬂqang;dnmrmmawesnuan@ wagnest iec sfawdiadth
gener ating 35.,.3ppQy @asevﬁ%hqeéaaﬂ%aeb%e sine Whve " HRCIGd.I el d

geneyatrng medns . ‘may “conprise o

4

The invention also extends to a plasma generating
apparatus comprising a magnetic field generating apparatus
15 as defined above. ' S

In an embodiment of such a plasma generating
apparatus, the duty cycle and the frequency of said
- function generator are arranged such that the ion density
20 distribution of said apparatus is substantially flat.

Preferably, said magnetic field generating means
comprises two coils, said power supply being arranged to
(W energise at least one of said coils. Said power supply may
25 be arranged to supply modulated current to each of said two
coils. Alternatively, said power supply may be arranged to
supply modulated current fo one of said two coils, and
further current supply_méans may be arranged to supply a
further modulated current to the other of said two coils.
30 _ _

The plasma generating apparatus may comprise a plasma
generating chamber having a gas inlet and outlet, a
waveguide communicating with the interior of the chamber
for supplying microwaves, and magnetic field generating

35 apparatus as defined above.



or nore magnetic coils arranged to surround at |east part of said chanber.
5 . Enmbodi nents of the present invention will hereinafter be

‘descri bed, by way of exanple, with reference to the acconpanying. dramnngs
in which:- Figure 1 shows a section of a plasma generating 10 . apparatus
utilising a substantially conventionat3-el ectron cyclotron: resonance (ECR)
system Figure 2 is a graph illustrating that the current applled to a.
magnetic coil of -Figure 1 is a direct current, Figure 3 shows a block:

di agram of magngié cmad :@édlé&lemr@éﬁérm:@n@éawsnay difpF IWEGAEN,

0 i e (ot 8101 S0P, SO 08 S o™ LoDl Y, %36,

nodul at ed cfiirgid okamiber 15 produced by the generating apparatus of 20+

"Figure 3, Figure 6 is a graph showing the ion density distribution, mryhgn a
pl asma generated by a conventional "ECR system Figure 7 i's-a graph shomnng_.

the i &n densi tﬁ@dl@ﬁtslcbﬁttm present adprenstion enick khitkaceinaftECR-
System of HESOdMALEN bF i flt b8 ShAE, SEEU Ofe Al & dggBpggner ating
f ge

‘appar at us havi ng nmagnetic
30 4GQRNE?QN%%@W§IQW%%E§4C#Pcﬂ thsme: generating . - apparatus_havrng

ner a |ng apparatus of the invention, and -

B ».‘.‘:I'

a magnetic field generatlng apparatus of the invention which includes two f

nagnetlc coil s. é%re 1 shows. a section through a substantjally 05
conventional agptd¥Feist f SROVR R T P ‘b’{ IRASTACIRR ot ron

resonance dggadatddeutilising ad substantially conventlonal electron .
' cyclotron resonance -(ECR) system, . o

Figure 2 is a graph illustrating that the current -_r'h:. \h)-f

applied to a magnetlc coil of Figure 1 is a direct current
Figure: 3. shows a: block dlagram of magnetic fleld
- 15 generating apparatus of the invention, ' _
Figures 4(a) to 4(d) are graphs showing voltage '
waveforms produced by the generating- apparatus of Flgure 3
- Figures 5(a) to S(d) are graphs showing modulated _
current waveforms_produced by the generating apparatus of":.
20 Figure 3, . . R R '
Figure 6 is a graph. show1ng the ion density _
distribution within a plasma generated by a conventionalhp .
ECR system,-

- Figure 7 is a graph showing the ion density ls,.n "_;rzkgjffd;

25 3distr1butlon within a_plasma_generated by an ECR system of'.5;
the invention, L _
Figure 8 shows a sectlon of a plasma generating.

' apparatus having magnetic field generating apparatus of the

invention, and S o .
30 Figure 9 shows a section of plasma generating



apparatus illustrated in Figure 1 is enployed in sem conductor production
processes, for exanple, for the etching and deposition of sem conductor
wafers. 10 In the apparatus illustrated in Figure 1, a wall 4 defines a
chanber having a gas inlet and two gas outleu§~'A waveguide 2 is arranged

to apply mcrowaves to the %r b artz window 3. A1l
magnetic coil 1 sARRAFRHEY T&éa q %fm%/%m%h‘arf‘b’e‘?ﬂgr%ﬂm%uf% aq]%aratus
wavegui de 2. In usef the btinvereion swielels uttebudesl twgasagrse Pl ¢eills hereto
through the gas inlet. Mcrowaves at an appropriate frequency are applied

to the plasma generating chanber and at the sane 20 time the coil 1 is
energi sed to produce a Fagpre ik shews a reegkion atd’r@@iheﬁ aﬁubﬂ}:@’mmbly The

flux d ity oF thepanet | £k t r ves are
qhosenQ%%ch t hat ?ﬁ% nrcré%§§£ eﬁgrgy andﬂﬁ%e netlc f| %%ﬁs el ectron
cycl otron resonanlehxen yc %}e"r@?aﬁ%"so‘ha%s s plEshpartigulay asm
is focused by way fpard©es!si st rigedd 0K FRyWRd & i %ﬁ%}ﬁéiﬂ an a Wafer
support 6 within the phaqﬂgr The d shed lines in Flgﬁf (ﬁﬁ%ﬁg&the

density distributi¥HHOIIHEINL, Bk QF Y RERESSF 1 F ot 'the
devi ce, such as smmmhlngF%qﬂudeﬂgsxtinqﬂbiksﬁmiqpqﬂunhurrwafémsiorned by
rotating thejygagnetic field and the uni fornmty of the devel oped pl asma nmay

be inmproved by inproving the uniformty of 35 that rotation. The.
wavegui de 2 general |y Hes the anparatus rlosyraded dm dHoure dot angualadr 4 o

circul ar m cr O\@ﬁwv;réﬁmﬂé‘pthm)a iFadd e | 3P rae‘ps such t hat
m crowave energy in a circular node
O loutlets. A wavegulde 2 is arranged to apply microwaves
to the chamber 4 by way of a quartz window 3. A
15 maghetic coil 1 surrounds the part of the chamber
proximate to the waveguide 2. In use, the chamber is
evacuated and a gas is applied thereto through the gas
inlet. Microwaves at an appropriate'frequency are
applied to the plasma generating chamber and at the same
20 time the coil 1 is energised to produce a magnetic field
in the plasma generating chamber. The flux density of
the magnetic field, and the frequency of the microwaves
are chosen.sueh that the.microwave energy and the
- magnetic field cause electron cyclotron resonance which
25 generates a dense gas plasma. This plasma is focused by
/ _ way of a focusing ring 5 onto a wafer 7 supported on a
wafer support 6 within the chamber. The dashed lines in
Figure 1 show the ion density distribution of the plasma
50 generated. ' '
30 _
In a conventional device, such as shown in Figure
1, a high densitj plasma may be formed by rotating the
magnetic field and the uniformity of the developed
plasma may be improved by improving the uniformity of
35 that rotation. The waveguide 2 generally has a
rectangular cross-section and a rectangular to circular
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w1th the k1net1c frequency of an electron rotatlng under

" the force of the electromagnetlc waves. This occurs, 1n*

15

20

_other words, when the frequenc1es have been made to

_co1nc1de, at whlch t1me the plasma generat1ng eff1c1ency' '

reaches a max1mum.- For example, resonance w111 occur. -
when the m1crowaves have a frequency of 2. 45GHz and - the

'_magnetlc f1e1d generated by the magnet1c c011 1 is 875

Gauss.

The area w1th1n the chamber where resonance occurs,

- as descr1bed above, is 11m1ted._ Therefore, 1n general,

25

30

the ion dens1ty is h1gh in a central portlon of the
plasma and reduces towards the perlphery.. Thus, when
‘carrying out etchlng or dep031t10n by focusing, by way?.
of the r1ng 5, the plasma produced onto the wafer 6,
problems do occur because of the non-unlformlty of the
ion density. For example, there are increasing
differences in the etching rate or the deposition-rate

~ between the centre and the periphery of the wafer.

" The present 1nvent10n 1mproves unlformlty of -

etchlng and the like by prov1d1ng a more uniform 1on

35

density dlstrlbutlon w1th1n the plasma generatlng
chamber. '

~

when
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plasnacf
towards the peri-phery. Thus,. when carryi ng out etchlng or '



used to generate the magnetic field in a conventional plasma generating
apparatus. 05 Figure 3 shows a block circuit diagramof a magnetic
field generating apparatus of the present invention. The apparatus of
Figure 3 is arranged to generate a variable @ nodulated current i(t) which
I's applied to a magnetic coil to generate the nagnetic 10 field for the
pl asma generating appama@wxe 2l shovld the ﬁa&mc&hahrkhatchhmdﬁ.mwﬁnﬁh&ﬂﬂya

vol tage synthesi 2Gely SOLAe ARG d £ @rtanded Lo ediee.q

nodul at ed vol t age mavefor zed' fromare

and fromthe outp@ﬂaﬁaﬁtQg@eﬁﬁtan95appﬁaw¢wﬁon generator. The nodul at ed
vol t age waveformso formed is applied to a current power supply which is
arrangqd:t o goduce a current _dependent upon t he i nconi_ng vol tage and

t her eby™to produce t he Fig¥Heate #homs: enbliock) cikcuiti diagssm of 2o t he

nagnetic coil. 20maghkeieuEiend @@W@&a&dh@'hpbﬁ%a@u&uafttﬁé whesehy its

out put current i(t) is_ variab enc pon _th |nput vol t ge [err]
which is normally? %WFHF&°PHe h@ﬁg@p@agngﬁ 7 I% d0us§ 31 S arypang Seen.
that in a convent genalrazppar aturdables orancdudateds currehe aemnrahxparﬁsof

the plasmm and ¢ hepBhagfnbon HRARCINTLaln’ B LaNCEALIERE! Abealigh 2t 11s

centre and riguce peri phéry as s ure 6 & noted
that in Figuré 6, firdd3dor shﬁepﬂaﬁmapggneransncfapnereénSFe @tawdlﬂhée

peripheral edges LkeeR Qka%h%h@aEﬁ&c%HQp%bhp§1QEstEevaﬁﬂﬁb@tggnQBeEHQQEe 1
are marked to illustrate the potential effeg¢t of the ion

distribution. 35 ©F V°1tﬂ§EaF9FG§nSF Vﬁécpneén?FSﬁnggdaFPaH§88u§ﬁcﬁ t hat
t he oyt put of thempaullagedcoshicage @averoihewhieh is appkhedibedt Feomnaut

port~{err] of the Cgeégg%epvmﬁgage and from the output voltage of a

15 function generator. The modulated voltage waveform so
formed is applied to a current power supply which is
arranged to produce a current dependent upon the
incoming voltage and thereby to produce the modulated
current i(t) which is supplied to the magnetic coil.

20 The current power supply has a function whereby its
output current i(t) is variable in dependence upon the
input voltage Vj, which is normally within the range
0 to 10 volts.

. 25 We have seen that in a conventional apparatus,

o/ resonance occurs in the central part of the plasma and
the plasma ion density distribution is therefore high at
its centre and reduced at the periphery as shown in
Figure 6. It will be noted that in Figure 6, the

30 effective positions of the centre C and the peripheral
edges L, R of the wafer support 6 of the apparatus of
Figure 1 are marked to illustrate the potential effect
of the ion density distribution.

35 Apparatus of the invention is arranged such that
the output of the voltage combiner or synthesizer is
applied to the input port Vi of the current power



supply so that a nodified current i(t) as.shown in Figures 5(a) to 5(d) is
obtained. In this respect, the voltage [err] is produced by conbining a
reference voltage V3 with an output voltage V2 fromthe 05  function .
generator. Exanples of the output voltagg. [err] are shown in”Figures 4(a)
~to 4(d). .Preferably, and as indicated, the voltage conbiner is conposed
~of a circuit: cauply ngo selvatr aa; rmiflnecklmmmt il0e) as shdwe .ﬁpparat us.is

arranged such % r t t Fi &8 Ad(a) to 4 t he 875 -
Gauss portion %regérle%g%%m% %dc(gﬁr% aés)%%%r]éég% d%hﬁ’h’té l%faa é “\ﬁll be
appr eci at ed tﬁéﬁlﬂﬂae c‘éhtlr% prducsd thieregmbining @t@fQMD@?S Gauss As

a result, an iy dens wth é“fﬁﬁﬂﬁ“ﬂl&gnggb rv%rf Figure 7 is
achieved05 I n the tlne 1 tot2 illustrated Fi‘gures 46h§ to 4(d), e
centre appr oacH¥CHION GRASFARF so BHROR RS dbﬁws"rft%/ QttRyte wkhage iV high

and the ion denss tahslirstin Ridwres suaas) Stkwvm(caﬁ._Ebeﬂ_éM [-and fag he duty "

cycle for t 2 nd t fre are ap riate estabrTshed

an i on densi t>2/1 ]s‘f"’}r}leo‘iﬂ rftﬁ%st ‘%"if}%giﬁﬁe 073/

obt ai ned. Forcanthmxhgstse\mna]oram elémentrs.f ormty .of the et ch| ng rat e
and the uniformty of the dep05|t|on rate can be inproved. = In this case; - -

t he 25 thy cycle tl/t2 can be in'the reglon of 0.1 to 0.9, and the . =~ = .
frequency 1/ T can B&he. @ma%ea/aﬂrqwem@%aham@mng ithwudtimece - is.

taken into acquﬁB 1 Ny ek W‘(%)”QQ&"@(tcﬁ)d, qg{er Vs iddusd SPO'?&% 30 -

applied to a S|n%§§ magnetic coil. . However, |s possi ble to.use a.

plurality of &S RS QCLS @sgﬁéﬁlﬁsaﬁ ughpdn shapee | dtore than-
one coil,  thewddY & dpprdciated tﬂaﬁwﬂheEﬂuﬁﬂﬁﬂiﬁdrﬁrﬁd)ﬂﬁétdﬁf(EH“r0|g_9

'tﬂceiefne)r(lld;g L%/gé'(:e{a]cte}/rartg\%bl %ﬁu%ra%'}.tss. of 35 res \ie__rted %%a!s%senasr etyUtlI | I_ .s.e o
. istribution as ‘shown at F in Flgure 7 is achleved. In
the time tl to 2 111ustrated 1n Flgures 4(a) to 4(d),
the centre approaches 875 Gauss and so the ion den51ty
at the centre is high and the_lon density. distribution L
~is as shoWn-at E in Figure 7. If the duty cycle for tl .
20 and tz and the frequency are approprlately establlshed,
- an ion den51ty distribution as 111ustrated at G in
Figure 7 can be’ obtalned. For thls dlstrlbut1on curve, o
the uniformity of the etching rate and the uniformlty of -
the deposition rate can be 1mproved. In this case, the .
25 | duty cycle t1/t2 can be. in the'region of 0.1 to 0. 9;'ana :
' the frequency 1/T can be in the _range 1/10 to 10Hz when i Su)
the coil 1nductance is taken into account.- ' S

In Flgure 3 the modulated current 1(t) is shown
'.3°-~'app11ed to a- s1ngle ‘magnetic c011._ However, it is L
- possible to use a plurallty of coils for magnetic f1e1d |
generation. ~ When there.ls,more thangone coil, the
current iy, iz ...,,,ih,aappliedathereto may be
controlled independently; If variable currents of
35 inverted phases are utilised, the mixing effect of ion-*'ff'?*ﬂfi



- 8 - density can be maxim sed. Wth this invention, a current nodul ation
systemis able to shift the high ion density portion where ECR 05

resonance occurs to a radial. formin order to render the plasna ion density
uniform It is possible to widen the plasma %ﬁg density distribution over a
uni form surface area and thereby to inprove t'he etching rate as well as the

deposition rate i gens4dhClcas HeOtRaliad sdd.h the 10 fixed current system
used in the prior art. I't will be appreciated that Figure 8 shows the

application of the nodul at ed current i(t) to a single coil system whereas
Figure 9 shows its- appWitat ithist dn&r&ntmanhaofcummmewdaﬂaﬂmn@tysa:eﬁoiﬂ§.

Parti cul.ar enbodi ts  of en e descrlhed a ilI trated
b | BBy 3, #riEe BRI 1A L S e, Wiy e
\6/1a?:/2t |§3wev r 20resphanqwﬁi:ums ao degadiledd fmgn ?li@ m@emttdwmendear shepe
of the appended clailha 233B¥eHEi tgp%'f%’%ml ItAl@%Q)%téﬁ)]T e‘éldv&%‘?{ e

apparatus for a pFasma generating aratus, said d ‘generating

5  apparat us conpﬂﬁ§mﬁglﬂmgﬁ&ﬂﬁétw'éﬁétgéﬁ@ﬁéﬁmngveﬁbényn oFanwsur£ase v

having an out put geeReGhed the rebgr &bsqmwo@err&%e@t@hfm@l Qa&@ﬂ@@wlq as
means, a function enerator .and synth e5|2|n ans, whérein said

synt hesi zi ng mean$hes dgPESIGdP™ Fate N @ ¥R 85t6&t°§ﬁ§ﬁ§ﬁdfF8ﬁPS§Pﬁ

function 10 . fixed current system used in the prior art.

It will be appreciated that Figure 8 shows the
W/ * application of the modulated current i(t) to a single
coil system, whereas Figure 9 shows its application to
15  each of two separate magnetic coils. |

Particular embodiments of the invention have been
described and illustrated above. However, it will be
appreciaﬁed that modifications to, and variations in,

20 the invention as described may be made within the scope
of the appendéd claims.

25

30
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10 - generator and to generate a vol tage signal synthesized'fron1said
function generator output signal and a reference voltage, wherein said

generateda%QLLaggﬂngnaL—+sfappI|ed to said power supply which is. arranged
to apply output to said magnetic field generating neans which" i's .
nodul at ed w e upon sar8-generated vol tage signal, and
wherein th “u“mm he function generator is in the range 0.1 t'o 0.9
and its freguefcy‘is" in the range 0.1Hz to 10Hz. 20 2. A gener ati ng
apparatus as claimed in aiml, mhechmMgald magnetic field-generating
nmeans .conpri ses ‘at | east .one electronagnetlc coil, and wherei'n sald pomer

-supply-is.a current power supply and is arranged to supply current, .
nodul at edlin dApmagaetacuﬁdaldagéngeaeiagedpparaags fognal plaGma to sa&d;

fﬁalmavef%rn1 §@?h§thggaégggr3ﬁ§%iasm3§3%%$unc thasghérgFégkﬁgnafrangedeL2 ,ﬁt
be a %quaanpaaatuSac@mprlsamgomagnmauc f&eédrgﬂnenadadgwueansoraa sifne Ll
wave. 4. podepl dd 1963@@5@%61%%@@&059 aea' 'egaanaﬁgg‘ég gaage'

'generatl apparatus: as .cl.armed.i n any. precedi Iasna
generatldgaﬂﬁﬁﬁ%ﬁtﬁéeag gPREFBYiNG TEAPR, 42 funﬁﬁéPElHePREadﬁFy é?éle and

the frequepsayhesigdng fnéaﬁbl oahaea@habaﬁdaéyn%hégmszﬂ?smeanbhg‘v's the’ion ~
density distribu par substanti al fl .at 6.0 A

pl asma ge EFﬁ?gﬁé gﬁpﬁ?&Fgge ?RCPH Pﬂ% Fig | fiF 9moFag afHP?tiﬁﬁereln Sald
magnkd i c gemédagencandi g geaaratenarvs&sagaosignai sgatHepaved fupnly '
Conad o T eRg8CeLACIBAILEReRLEBhBAE B1gRA1%aRE' Loretdrents A PlOST™

generating. appara us "as: _ :
voltage,_wherein sald generated. voltage signal is applied _ \#)---

.to said power supply Wthh is arranged to apply an output .
- to said magnetic field generatlng means which is’ modulated R
15 in dependence upon said generated voltage signal and
| wherein the duty cycle of the functlon generator 1s in the .
range 0.1 to 0. 9 and its frequency is. in the range 0 le to |
lOHz. - o '

20 2. A generating apparatus as claimedzin Claim 1, wherein =
said magnetic field generating means comprlses at 1east ‘one
electromagnetic coil, and wherein said power supply is a
current power supply and is arranged to supply current _ . _
modulated in dependence upon said generated voltage s1gnal :\‘1_:
25  to said coil. L - _:;fﬁ.~- -

3. A generating apparatus as claimed in Claim 1 or Claim .
2, wherein the waveform of the output signal of said - y
function generator is arranged'to be a square_wave,_a '

30 sawtooth wave, a screw thread wave,.or'a sine'wave,

4. A plasma generating apparatus comprising a magnetic
field generating apparatus as claimed in any preceding'__ o -[a};“*-
~claim. - : - ' h _'”g.ja e
35 | _ - _j _ | | o
5. A plasma generating apparatus as claimed in Claim 4,



wherein said power

of said two coils. 8. A pl asma generatlng appar at us as ai m
6, 15 wherein said power supply is arranged to supply. ’,gﬁ nﬂﬂﬂ! ML

to one of said two coils, and further cur nt supply nmeans

supply a further nodul ated current to th 0t her of said two coils. .
A pl asma generating apparatus conprising a pl asma generating chanber haV|ng
a gas inlet and outlet, a waveguide communicating with the interior of said
charrber for sufenging the rdviaw axyclen dnhding ifrequeineyy efe i Funspaieat us

_claimed i ”g@ﬁér‘ﬂ tdd LB aer.téh d Zsuch)- ttéto'm&ﬁwr@ﬂﬁ}g apparat us as

c+a|ned 4n d wherel n said gnetic freld generatl nmeans conprlses
one or k’(re g IOWHian off reaik FRRATATS difd SubStandl ag-d-rl't tsai d
chanber’ 30 11. A magnetic field generating apparatus substantially as

hErelnbef %(rascrlbecivmth referenceto Fi ures 3t ~and 7t 90f4the
acconpanyi ng Plagpma genergt ﬁﬂQnﬁﬂ¥ Clain’4 or
subst anti al | yca:a:hersal i desicd inkghetiich fa@‘lsa gmxfaﬂ:ﬂﬁg;mrms? to 5
and 7 to 9 of c:tor?nepr:aj_csceormc‘f’ma/'c:noq.lesr ’avganigis power supply being arranged to

energise at least one of said coils.

10 7. A plasma generating apparatus as claimed in Claim 6,
. wherein said power supply is arranged to supply modulated
N current to each of said two coils.

8. A plasma generating apparatus as claimed in Claim 6,

- 15 wherein said power supply is arranged to supply modulated
current to one of said two coils, and further current
supply means are arranged to supply a further modulated
current to the other of said two coils.

20 9. A plasma generating apparatus comprising a plasma
generating chamber having a gas inlet and outlet, a
waveguide communicating with the interior of said chamber
for supplying microwaves, and magnetic field generating

\_ apparatus as claimed in any of Claims 1 to 3.

25 _

10. A plasma generating apparatus as claimed in Claim 9,

wherein said magnetic field generating means comprises one
or more magnetic coils arranged to surround at least part

of said chamber.

30 _ _

b 11. A magnetic field generating apparatus substantially as
' hereinbefore described with reference to Figures 3 to 5 and
7 to 9 of the accompanying drawings.

35 12. A plasma generating appératus substantially as
hereinbefore described with reference to Figures 3 to 5 and
7 to 9 of the accompanying drawings. '




