;z{e3e "6T UZ PROCEDURE AND DEVI CE FOR,THE PRODUCTI ON OF A PLASMA Area of
the i nventi on The present invention concerns a procedure for the productlon
.of a plasma produced by nmeans of an induction coil in the vacuum chanber of

a vacuumrecipient, as well as a device suitable for carr
procedure in accordance with the invention. The |nvent|onﬂNMMNINHM|Emmerns
the use of the procedure in accordance with the invention Ing a
substrate with a possibly reactive coating or performng a pos
reactive etching on such a substrate. Background of the |nvent|on v%en
substrates are reactlvg@ép rocessed in a vacuu as ISI% case - for
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produced in the vacuum chanber of a vacuun1reC|p|ent for a nultitude of
process steps, cases in point being the possibly reactive coating or the
possi blAres effHeiieengibahi ng of a substrate. In this connection it is known
that the plasma can be produced by inductive and/or capaci tative neans. EP
0 271 341 Al, for exanple, describes a device for the dry etching of
sem co [ loff ction
nd an o R o o e By
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for plasnma pr tion.is inductivel coup i nt. he va cha r of t he
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that serves as substrate Gar and to which there is applied a so-called
RF (r adubstfatemlzhrmgc)ssﬁbaseaoqummlaang of pgrfputient ipabsiblyG@ano2 etchingortUgich

5, 460, 707 descrl bes a device for capacitative plasm production that can

al so bé‘%‘? g% or coat i ng purposes. A magnetic field - produced by an

addi ti onal permanent or el ectromagnet - may be provided in this case for
controlling the plasma density distribution or producing a locally greater

pl asma Bhskgioupd of the invention

When substrates are reactively processed in a vacuum, as is the case — for example — in
semiconductor production, it is customary to employ a plasma produced in the vacuum
chamber of a vacuum recipient for a multitude of process steps, cases in point being the pos-

sibly reactive coating or the possibly reactive etching of a substrate.

In this connection it is known that the plasma can be produced by inductive and/or capaci-

tative means.

EP 0 271 341 Al, for example, describes a device for the dry etching of semiconductor
disks that comprises an induction coil for plasma production and an electrode device for
extracting ionized particles from the plasma onto the substrate. In the device described in
US 6,068,784, again, energy for plasma production is inductively coupled into the vacuum
chamber of the vacuum recipient by means of a coil-type antenna, the vacuum chamber in
this case serving as reactor. The substrate is situated on an electrode that serves as substrate
carrier and to which there is applied a so-called RF (radio frequency) bias or polarizing po-

tential.
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When substrates are subjected to vacuumprocessing, as is the case - for
exanple - in sem conductor production,,it is very inportant to have an
r.extrenely uniform plasma density di st'r% bution over the entire surface of
the substrate in order to assure an appropriately uniform substrate
processing. To this end it is essential to screen or conpensate all

di st ur bi;8G &30, fIN@dsctibdd é’ﬁ @egforec%gﬁcﬁfaﬁlvé éla%ﬁfae]#rgﬁﬁctfoh%gtscalﬂlﬁ@Pie'qged for
exanple, it 1s theoretically possible to use a terromagnetic shell to
scr een foheoatargupurposssi Ai magnetit Hiedd i-sprodmidedrbydars adiitona peananent omekectro-
practical point of view, $ec use such a shell ul d consi degﬁbﬁé I ncrease
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di ffi C%ﬂbdﬁ&ngéﬁ&aﬂg %r?)pas{qﬁedeﬁg@}gum reci pi ent whenever mai ntenance or
repair work has to carried out. 'EP 0 413 283 teaches that a pl anar

pl asma can be obtained by means of an electrically con ductive planar

k il, the ind L field bei d d ti hi gh
P r equenBFeh hbiEes B I he ruRtaRocBIE dhds ARARET W FraUgh i
di el ect gdnficBRR pRSuctih i@%@vﬁ%W%%e Eﬁ@f{tr@}nélprutnﬂ%ﬁn gﬁ’%ﬁﬁtdeﬁsﬁy eld -

. ,@t‘
produced by a pair of Hel'mholtZ coils - should be allowed t ct on the
pl asma, digimbution amerbide ientitecturfacd pf theoshbsteate (mordat té essutre awpprydpatdly, urfior
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Appl i ede,@t@nghgﬂg@dcfes,cgspédejl kdrgalqildss 1S a direct and alternating current

conbi nati on such as to produce a weak nmagnetic field that is nodul ated by
the alternating current conponent, said nodul ati on bei ng described as a
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i mpr ov ev@nhmofectpiént Uthid & fithey ddadvirtagdoas fom a practicaDpeirdranwiaek bedautdre
device for the production of a plasma described in US 6,022,460 consi sts of
the factuchiashell Feovidiennsidsihly areascthe pesighi of fhe \asnvm ragRigst. Furthemore, it
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i nduct i errepdit Wotlohfetodeeatizdedt.f rom t he pair of Helinholtz coils, it is
absol utely essential that the induction coil should be spatially separated
fromthe Helmholtz coils. The present invention therefore sets out to nake
avai | abip o34 1B RaedaiRs A1 2 J1A8Y bESmh Qhn bESLRIRAUS! hehsXfr a8 dNcHicMg k! ¥
pl asma tﬁat woul d %tirt?ler g?o#ld ?ﬁe descri bed drgw\/‘}\)t/backsS associ at ed?vvith t he
st at e ofludtive plenaropanigakeatdicthedindyctidnefieldnbging praduced ur caxteetmg aFbighher

tasks of the present invention w.ll he hrought.out by t etalled

doscri pFOIEREPLR sgROET MetanireicoringepbAed it qubh aifafiBe Rrefitognt i on
The present invention concerns a procedure for the production of a plasm
that is at | east coproduced in the vacuum chanber %wl a) of a vacuum

reci pi el §022,460spggesinthabt fgther amgnetimield nduedycsd byt paiy of Helaphojtz sgilan
~alternati L rent I e h | i | owed to
ent or ¢ hE0AE §6 A SOR B A8 R Ptk LB REHER Y BroBbaR B st Bt uum
chanber pifodiiced), fos esathplechy in@alsef GthePh Pen@ke icoid tofvhidh thersit appltedoainigh-
arrangenent (4)_ and where - for the purposes of influencing the density of
the pl aSRgpency alie@ating yolinsa or &0l Biihe Hirer ef aBrgrupubebdirrlicdde huPHERt i s
passed iy, dIE it O M %\Qi'nlxat ) currk A€ cHhERENn hﬁbﬁheﬂtﬂO?}oaﬁUerh%?k
concerns the use of the procedure I m accordance wth the 1n vention for the
possi bl ynagesict fislé tiatas mogulated bor thetedtematisg binyent eantpouentesaid muglutation be-
substrates, (9).. .,The jpventjon, further necer ns device suitable. for .pl asma
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(3) f orumforinityi ofgh¢ plasmas serving for the production of the plasna and a

punp arrangenent (4), and where the induction coil (2) is connected to one
or nore vol tage generators that




a -4 supply the induction coil with an glternating current and a direct
current, the latter possibly pul sed i[ha uni pol ar or a bipolar manner.
.Brief description of the drawings Figute 1 shows a schematic representation
of a device in accordance with the invention suitable for plasna
processing. Figure 2 shows the normalized etching depth along a di agonal of
a silicepe v%ack%ﬁ‘fgedekfn:% fB{r ﬁi%rﬁoc'i@c%gnfo?ra tlz{ggnae&e%%%% IO %8)2l2e4%6tcon-

co- produced by an induction coil* carrying S TRer R di Tect - and “4n

al t er nasisin@f cher faenthat(thi additionad pairef Elejmisoltzadotile ks tanerd diffidilt (Eobdinr d | ) .
Det ai | ed descrjption_of the inveg{?i on The devi.ce in accordance with the

i nvent i EATR3F 19GHER andraliy MCRRRSE Bt 6h ROARYIFS eXinge GaRsidRTREQNS of Bigh- 1
with a : : : v, : e
purp. ar anaacy SeRRIGky fooins 14 rARhcol AT AIeE b BRI B iR
conpri sesilsait is abmilutelysissaptiaDthatthe inducsion kofishalld baspatially sepamEdefromtthe nl ess
st eel 0{5_16 | .um ni le in order to assure good sealing of the vacuumreci pi ent
and to ﬁgl@ﬂtzic[o} S-especially against stray external fields On the vacuum
side the metal casing 10 of the vacuumrecipient 1 may preferably be
provided with a dielectric inner casing 7 that could be, for exanple,

ei t her bt preseppoventiny tharefappbdatedutas neakecatilatge v prodedurenaidde device fre that er

casing 10., The dielectric erial is ef.erably chqgsen..in sugh way as to
e not By o EpERehg sEBieea ta o RLEHEE Ao e Sohoad aRuipeRe pY-
react i vgiafQakitiithe 3ttt 6f1AB ARG DEAEREEE By tILAP 881y tH Allcd¥BY 8R! Pirthes ¥&Rs of
el ements as chlorine and fluorine, but” al so as perneabl e as possible as far

as the teupesat powetion wilt badseught ouPby the deteiladi edsedptianethergod giwdnshereinpr i se,
anong others, polynmeric materials, especially ceramic materials, quartz and
al um ni 8f°8xi de. But it is al so possi bl e, for exanple, for only the side
wall of the vacuumrecipient 1 to be either wholly or partly lined or
coated with dielectric material or to be nade of a dielectric material,

Brigf dessriptioneef theyinviendon ower faces are provided with netallic
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connections (couplings) as described in WO 00/19, 483. The vacuum

reci pient 1 described in EP O 413 283 is provided with a dielectric

scr eeni e pregtntrimentien cardeaisnegtpcddure fox drgpredudtiontoie plysperthatoy at leastlch- of
the vacuumrecjpient 1. The aboyve description of the vacuumrecipient 1 is
to be uRERSuES E’dthaé’aﬁu%rcga@g%i‘nﬁ}%Ogﬁda?‘&m FecigRid 1) YaREATA| o &t Heast one

Fnventi g o81PE) trling ah difernating current, where the gas used to produce the plasma

is allowed to enter the vacuum chamber (1) through at least one inlet (3) and the vacuum
chamber (la) is subject to the pumping action of at least one pump arrangement (4) and
where — for the purposes of influencing the density of the plasma — a possibly modulated

and preferably pulsed direct current is passed through the induction coil (2).

The present invention further concerns the use of the procedure in accordance with the in-

vention for the possibly reactive coating and or the possibly reactive etching of substrates

).

The invention further concerns a device suitable for plasma processing that comprises at
least one induction coil (2) for at least co-producing the plasma in the vacuum chamber (1a)
of a vacuum recipient (1), where the vacuum chamber (1a) is provided with at least one inlet
(3) for admitting the gas serving for the production of the plasma and a pump arrangement

(4), and where the induction coil (2) is connected to one or more voltage generators that



The vacuum chanber 1 a contains one or pore gas inlets 3 that serve to
admt the gas used for the production4of the plasnma. The gas, which may
.consists of a single gaseous conpound “or also of a nixture of several
gaseous conpounds, is chosen by taking due account of the chem cal
conposition and the physical paraneters of the substrate 9 that is to be
process : e i : t : t pat .4 :
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et chi ngulsddtie agaipotaior abipaammarner. exanpl e, argon or sone other inert gas,
whil e the gases used for reactive etching processes nmay contain, for
exanpl e, chlorine (Cz), silicon tetrachloride (SiC4), boron trichloride
(BC13) ,nrG . r i (CF4), trifluoronethane (CHF3), sul phur

hexaf | Bﬁé{?g @i &ﬁhg§§gen (QZ). When substrates have to be coated
with thin filnms (for exanple, by neans of chem cal vapour deposition - CVD

or plasna enhanced chem cal vapour depositiaqn - PECVD),. it IS ssihle to
use or gEgBIFel %Ol“fsc,a %B%é%%{esg%?%@pa( 10 8pGqr eI)‘I‘W;Fr t&‘a é“v(e%ﬁpﬁ)gm{
annnnlaﬂgggﬁéhmﬁbtr&gggn Nz) or hydrogen (Hz). The aforenentioned gaseous

conmpoun processes Tor the processing of substrates 9 are once again
to be understood as exanples and intended solely to explain the invention,

not to Limt_,it. The fl ow.of e ses .and the of the punpin
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especiaf?y %etmeen 0.01 a%d 10 Pa andereferany bet ween 0.05 and 0.02 Pa.
The devdicet and ac eltaroatingecumienh(Gumes §) oy ersly an eliernatingscuarent €awve e i nduct i on
coil 2 by neans of which the plasma produced in the vacuum chanber 1 a of
the vacuumrecipient 1 is at |east co-produced. The induction coils) 2

i s/ are pegfied ab8p@éd anusneatibhie vacuum reci pient 1 and/or the vacuum
chamber 1 a 1 n such a manner as not to be exposed to the plasnm, thereby
avoi di ng, for exanple, the deposition of electrically conducting
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a dielectric inner casing 7) fromat |east the part of the vacuum chanber 1
a in whingre PUBD pIrarasEen® Hr oduced. The induction coils) 2 may preferably be
arranged al so outside the vacuum chanber 1 a. The device in accordance with
the invention contains one or nore induction coils 2, pref erably one or
two i ndiichippeferred kmbadinend tlespeainal deyipiene 1i cothpriseo an cotedr c2sing 126 medarobf t he

i nduct i ils) 2 i ferably ch i h ner , t hat
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enbodi ment of an Induction coi Said | conprises wi ndings that are
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internal casing 7. In this case the uniformity of the induction field can
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at the ratio between the thickness of
t he coi bf grdachemexdipieht bio béeitlepiwhoily or perttyvimedtdrenoatgidrveith distestray majeght

angles to the thickness is smaller th . nd r ef.er apl mal | er_ t han
0.2. EPr@l ente bfsfﬁa(t‘i Qi %&tr{cﬁﬁi‘te?ﬂewgﬁﬁg%tz‘éﬁ% BPRE a&flghepg’é‘?e@ bt PP Panged
cl ose t Qjfddifh Sdiiili6 cORAREIBhEupliidts a9 Wesdrivedsh g OL00AQD,48Be THAG UMMM

reci pient, sald screen acting as a dielectric window and permtting the

coupling of the induction field. It is, of course, also possible to arrange
the flat coil close to the dielectric inner casing 7.



-7 In anot her preferred enbodi nent the [nduction coil 2 has the formof a
vacuum bell as dis closed in US 6,022_460. It has been found that the
.density of the plasma at | east co-prOéUced by mans of the induction coils)
2 can be influenced and that, in particular, the uniformty of the plasm
can be increased when to the induction coils) 2 there is applied not only

|t 1i t., d at,t.he. ti di. t. Th
oot caeraimnt D depitRRin gl b ale o Puiged el ARRRGPE sfrBPEdh ERE §8e (o
coupl e dohgidehofeh 2Q8MERCH tH@\ﬁﬁ]IS:ericB%? vidleo MBS Vabimaetipieant. for at |east the

co-production of the plasma. For this purpose the induction coil 2 is
connected to a high-frequency vol tage generator 6, pref erably through an

g b SR R R T O

t he i ndyederded ¢0 exshindheRfehitich, vacivy e Bhatber 1 a and/or the plasm
produced therein, thus making it possible to obtain a highly effective

coupling of the high-frequency power. In connection with the present

i ti.on th t of "hiah f '
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spectrun1fron1Preferany 100 kHz to 100 MHz, nore preferably between 100
kHz ancrornd pelsamd aapitirg i seysrafS8pem FoBRPWRSnISADOsIa Y BkHIgXyegccou e
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case of exanplelichionsic ¢04), siamondkeachbirids,(Suils); herootthelotide (BClah sagbonHeira-

of °t he. o (He) bR AL S TeRisE W ghedoneiredpofy " °°
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frequency range is due to the fact that the standard frequency of the
hi gh- f renueepysition +4géDgunplasmaeshanoed chemigal vipgwr Jepesiioni n PERMIR) dlyisj s

13.56 MHz...This f ' d i £ o i |
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di stri badgy 9,%&Bgéﬂ1@\1d§|o@$1 rdgef gHg. ThE hiRanestionde paseods ceapowidsradtpros

addi ti onal | applied to the 1nduction coils) 2 and that, preferably, the
uni f or ngsses br thehprosesedngaoCatbsiates Aeare 99cs AR IR HS UNGFrSRd s Fampiesraidhe

surface._of 9. I: t t.nduction coil 2 is also
connect g‘:’n’flgd §°lf§§&£é§‘ﬁ3‘g‘|?gglé%gfé%‘é?gf‘é’rm@t ?t' preferably through a | ow pass
filter 12. The low pass filter 12, which may conprise, for exanple, a coi

and a capacitor, connected in parallel with it, is preferabl signed in
such a Hew of tha gaspbang ﬁhéé’PW@h# BRPUERI %"é?élﬁe‘flﬁ‘gt(ﬁ? ﬁﬁ%?f%ﬂg@é’i OFMhi | e
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way intot Irect current s i i

1
urce. The direct current may be either
uni f or n oomertudli¢ edpecially between Ol 1eandil0 Rasandipeefprablycietw eened. OhapdP 42 Por  a
bi pol ar manner. Bearing in mnd the nunber of w ndings of the induction
coil 2, the direct current will be set in such a nmanner that the product of
the numpgs 4Qficeinlefaan@nith B i éfioh cobfalAnk 1aakt dnediButiionketll2 BAmawer age
and as an absolute value to between 10 and 1000 and preferably between 100
and 400o&whishdheiptasimaguodimed intheapcusm ghavabaide ffthe yacyume Geapgnt Léi ft 2 i s

preferaply at | eas byt a m ni um. of ] ..and a
P i et <Spraditen, Thg Rithorel YOTARyate pErHRE LARRAN L NELBRERiCANT, B
di stri butshgir e PhARKR chdthb&’ ™ W kichi Hefa@aseansott focbaraxgised of thd ptismgs

di m ni shes, so that the demands nade on the djrect current generator 6' and

t he | owtheeeby avpidieg, fop examples thedlepesitieit ehelegiricall v condngling inferierenes o4y

di stribution can be. e | ' k Si nce
"t he T 8" of R pofindl BT aubin IR el B e A B Gt Ll
also in the case reactive coating processes, the uniformty of the plasna
density distribution over the area of the substrate 9 affects the
uniformty of the etching depth distribution and or the coating thickness
distribution along, for exanple, a section through the substrate, the
uniformty of the plasnma density distribution may al so be neasured by
measuring the distribution of the etching depth and/or the coating

t hi ckness.



g_ In the case of a thermally oxidized,silicon wafer, for exanple, the

et ching depth can be determ ned by usinhg, for exanple, an ellipsoneter to
“.nmeasure the thickness of the silicon-&i de | ayer prior to the etching, for
exanple, in a raster covering the entire surface of the silicon wafer or
along a dianeter of the silicon wafer. The thickness of the residual

silicon oxide |la i.s,.then W ed _aft e etchin rocess. has been
conp! etuaie BB cHe BRI e Phreh PR b e R SRR e

t hi cknegsRaingf (fohexmpleCoidleeres iRt Qaen@ MY fivhi af 1dabiethet st ORI eeess Thi s
procedure can be applied in an anal ogous manner to nmeasure coatin

t hi ckneshember Thin wglchdhmtaym@ s produersls $he indusborireil(s) bmayareisrably g@ ar-
exanpl e, t et chi.ng.depth, a of the plasma density or the coating
thickné@%?gﬁ%$)%Qgﬁ%pgfgﬁwgﬂﬁﬁg%gégﬁfon t hrough the substrate 9 can be
characterized by the so-called uniformty index, which is defined as
Uniform ty index = (Maxinumvalue - Mnimumvalue) / (Mxinmm yvalue

+M ni nukhs/8gvies) invgrsprdanerowith therivenBP BT HAS OR® ORTIATeHUSHPY 01T &, pref-
respectj r t : lyHg: of characteri zing
distri béﬁ%ﬁﬁg)rél’ngh?ﬁg%gl,dgﬁ&e}l @fgizf %?%%J}?Jgégfg?éé%dg 1°t%hcé)ws?'ﬁbst rate 9 or along a
section through the substrate. The uniformty index is usually stated as a

percentage. The direct current applied tqQ th Hﬂdu tion coil 2 is

pr ef er abis/fosmafdhe Induetiporeoil(fedmay vaw and isprederably chasendn siehya reaes that ¢ he
pl asma | LSEL k : i ' - | e,

B ong. 2 st S pEpghEHh iftfieaGh BRI opERled tn RRENAGLER S Bireo Vup RAARP
exanpl epasoiteough thaidductibmcoif(@y2. of or the entire surface of the substrate 9
anount to not nore than 10% preferably not nore than 7.5% and, even
better, not nore than 5% In yet another preferred enmbodi nent of the device
i n accopdancseWbd Rnfhb&inldtY @ dnOdadidh S8V bCRiL oMl *bRpridls WaRBlgsathpAhfe Of

el ectrodes Sa, Sb separated by a certain distance. In the Eggtlcular desi gn
of a vavoum ¢iretlyosithgvaduanbehantes tz pker prafevidlyor 2 djeldaric nterblaasingdes Sa,

Sb b : f | .th tallic., ] in.th d
Cower e ERRe e hAEOGaTe i fbidear affrdiner fubOBE N AR el iRt Ca )
separ at @ fillQeRated B@F%@ﬁégl HEHi1 Whdin a8¢ dRune fos exeraifle Ofn the@iROK ElisCof

material . " US 6,068,784 describes an arrangenment of three electrodes in
whi ch tthe dieleitie interneheasings?. Jarthiscagsthe amHermity Af theniadusting frld icam be die
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el ect r oglgl(s)l ardl thP gedrattti¥ dimnedstsnsed tigndioidetie iiitemabcaicl.r ode Sa of the
el ectrode pair Sa, Sb is formed by the substrate table 8 that the substrate

9 bears against and/or to which it is attached by neans of the normally
used elgc ' ' ' [ eot LHiN ' IaRad he
case of Pouier At e Ph BobEn O &4 ihe for Y Bl e Br bl
subst r atel thabneay tewist, for lekampleyraf hynuobeelod spiraleshipsd immsdihgst exda fsemen efhe

casing 10 of th hanber . . Th ter-elect S h
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present. In a speci al preferred variant the possibly Circular substrate

t abl e 8mesnssthat thamatdaibetyvean thanthickinass ofshe esil asd dluuentent-of] the coibde thenavo s
usual |y described as.dark ce_sgreeni ng. The jnsul.ation betwen the

subot r 286 Grpceons AreRiabelBrn g TSGR Sameily 1R A2k urteistt Yokl
dark Sp@gg 0SELIHeNidg 483 dsA¥ied Hathte bR akaeoilhieprifReablpattigcdnasdeas sl a.
Inits |lower part the dark space screening is fixed to the substrate table
8 - t hodiglecyisl sezasning inythe epter sewBg 1P oithe vacuum peipiens, seid sgreen &Fthg asent er ed
with res .to.a I 1 G: | . . LraSa, Sb
oy be- Saamis Sirop PR ARRRe tF et bEtucnd Biefl. 361 BETBEL sy (0
in a unpdreibdd totirangdiHrdiad coilelreto thadisMdite ikt ¢wgingdl.t age source, or
sinmultaneously to a direct and an alternating voltage source. The plasma is
capacitatively excited by the voltage applied to the el ectrode pair Sa, Sb,
which is also described as bias. Preferably applied to the el ectrode pair
Sa, Sb is a direct voltage or an alternating voltage, especially a

hi gh-frequency alternating voltage having a frequency between 100 kHz and
100 MHz. When selecting a suitable frequency of the alternating voltage,
due account is preferably taken of the effects on the substrate 9 and/or

t he vacuum chanber 1 a described in US 6,068, 784, columm 4, |lines 23-52;
specific reference is here nmade to this discussion. In a preferred

enbodi mrent of the present invention, in which the substrate table 8 is used
as electrode Sa and a dark space screening is used as counter-el ectrode Sb,
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--11 than 3 Mz and, specially preferred, nore than 10 Mz, while the dark

space screening is grounded. Figure 1,fhom5 a schematic section through a
.preferred enbodi nent of the device infaccordance with the invention. The
vacuum reci pient 1 conprises a tank 10 - which is nade of, for exanple,
stainless alloy steel and is capable of being evacuated - encl oses the
vacuum.chanper 1.a and coptains a dielectri,c innekr casing 7 de of,. for
exanp o5 MG preghrl SR be SutleBRE S gues M ForBiaY kel Rl ibund
the di eJjgetin US 0B 46Rsi ng and is connected to the alternating voltage

generator 6 through the adapter network 13 and also with the direct voltage
generator 6' through the Iowpass filter 12; the circuit is conpleted by
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scr eenititg, colifs)cNcarSbainTRAGd dnd tha¢ e0batieglanabé LhiBstnafdofa®k Hlasa can be
counter-electrode Sb. The vacuum chanber 1 a is subject to the punping

act i on ipereasegurhende thmigdnetinn epil(sfRetharsge epplindarot galyl anpflternpéing sutrent, but

recipie i rovi Wit h inlet 3 situated at its centre. In a
concr et%goearl{‘goagiﬂ%es% eg[frg? ﬁghg?t?c%gtﬁent schematically illustrated by Figure

1, which had been designed for processing a wafer having a dianmeter of 200
nm the dianeter of the dielectric inner casjng amounted to 275 nm_ The

di st ancEhaRpPlieaien Réhe iguetion eil(al ef B alitanaling cuppel scEvss 49 counle therhighre
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wi ndi nghis phrgsa thoindsqtidnt eil 2isclonneptedis o Wgh-ifregoercyerotthgarbarerdtbr dupfeft he
inlet 3, t hat ti f 10- ttained. Th
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served §sscounter-éF§ctr de ﬁggﬁgﬁgﬁﬁheg. %%ga§néﬁct on co?f 2 vvas'g%n
connectail(4)@ amd #iet eacnami cigmbet tlagadpe ke plasma progueed tienteial tHBGnkrg tithr ough
an adapter. network 13, that_.consisted of. two. acitors. The magnetic field
" nducePFOHPSbH & SHEet e CREP IR AL B Bigbd SR AN @ duct | on coi | 2
anounted to about 5 Gauss. The induction coil 2 was al so connected to a
direct voltage generator through a |owpass filter 12 that consisted of a
capaci tlorcoanertipncwith theopnessst eaventiop diea¢dnseptvpit high frequeacyi tseesed dor eleert |,

whi ch s _chasen.in.such a nanner that fhe .sputte chi t .
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produced a magnetic field of about 12 Gauss. Fiqgure shows the normalized
sput t erblEtlORikily WelOnMElzs t pURTEEHRAY batgvesn di08 ddtzeandof4 MHEZ ped pyen ®Prd con
waf er ! i t hat had previously been subjected to
thernah§§§$%%?P%h%g§%§6%@%3@&2%@%%s wer e made under the operating
conditions described in connection with Figure 1 and in a sim/lar device
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current of about 10 A were applied to the induction coil “2. For conparison

pur pos esxanmple, wdich [the bl indingsspe wosnd exvnditheydigleptrle idhertoabibg (7i amd in Méich s

obt ai ne xen.only an alternati current is appljied to.the inducti.gn coil.
e can e 8L FoiheY duprey SpCoERER i JarymARBmbE: b it cubne tE

appl i edspta@e Witgin MAUFhERR, 4RI dho:séﬂ"ﬁec%i%ﬂ&& Q11 PHTaDE BERdtiech TDOKEhendas the
edge of 'the wafer substrate 9 is approached; furthernore, the sputter

et chi ngMdbparid edpetialibbetiveen A0 kEizramdtlr Mitd In theroase of trmdisnansiomal prncalkae

uni form ty of ,the sputter, et chi.n epth distribution j.s,clearly inproved
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| onger associated with any lack of symetry. In particular, the reduction
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the direct current reflects in a uniformty index of less than 3% If so
desired, the anperage of the direct current can also be chosen so as to

obtain an overconpensation of Curve Il and therefore greater etching depths
at the edges of the wafer than in the centre; in that case the
unconpensated Curve Il, which has a convex curvature, is in a certain sense

"reversed” with respect to the conpensated state in accordance with Curve
|, so as to produce an overconpensated curve with a concave curvature. In a
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I'n such a cluster the transport device will be used to introduce the
substrate 9 through a transfer slui cegate (not shown in Figure 1) into the
.device in accordance with the inventi8n The transport device deposits the
substrate 9 on the substrate table 8, where it will be centered (if
necessary) and appr opriately retained. Follow ng vacuumtight closure of

the sl ui. ate vacu LS ng
ar'r angdHony Uit {HingustEY 1ol T fHot e FRARE L SR Br Bl SR
subst r 3fatoradteicomainiéRiohhgredahised processi ng terrper ature, possibly by
means of tenpering devices contained in the substrate table 8. The gas

needed to produce the plasma is then fed into the chanber through the gas

inl et :
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subst r aufrehtdblagdifiondlly psplirdltekhd dueivnt doil(d)e atidr that, peeferabiy, thesulafminiitgd to
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carrying an alternating curren ere the ed to asm
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t he i ndiedkedysochatith Bitter parowtifind it wiapfitto dncdiracheupdrsoutcelensity. 2. A
procedure in accordance with Claim1l, wherein the direct current is
nodul ated, pref erably pulsed, especially pulsed in a unipolar or a bipolar

manner .t} difscPERESH Wy b eﬁl@&%ﬂ%ﬂﬁ %r%&dﬁla@é‘cﬁlfﬂﬂ dxadfipl€] id iy e phaxiahn t he
alternating current i s produced dvtg frequency generator (6). 4. A
e

pr ocedumépolar @adwpolanomanngn Be@llzg mIBm namhen ofevinditgs fof dai é&tle’efr‘i’é]r at or

(6) op .er s at a fre bet en 100.a et ween
400 and é@%@ ?&fiﬁ B:Fos W%&%@&Q@é ébll}ocmg og{r?lzeonr@{b(;%? Ea%“%{r%&

4, whergiqnné Bﬁe&lcﬁﬁeﬁt fA ﬁﬁ@ﬁmaduﬂh bhaverdpbend of amnsbmg vahie tbhetidduer i on
coil (2) are chosen in such a manner that the product of the nuynber of

wi ndi ngandalP@0wené priferebly hetweaant00and|408 m@@@r‘a@él%ﬁdﬂé&n@ﬁ%%%n@ag%f

anmount 9, b t r.a tykeﬁﬂwﬁﬂﬂggﬁs
wi ndi n rb?%ligd gef%r(r%g&ca?gr stge‘ﬁ [ mr&l Igll ns 1 to '\g\%‘eﬁ?&eﬁﬁ?
direct zﬁidrd ﬁﬁﬁlmluﬁu &bt betkrtstllf §igcd the wairemmeeded to(2hdértthe dgtsity dlsimquas‘s

filter (12 oo .
cgf plzlsma uniform will increase as the number of windings diminishes, so that the demands

made on the direct current generator 6’ and the low-pass filter 12 will tend to become

greater.

The plasma density distribution can be measured, for example, by using a Langmuir probe.
Since in the case of sputter etching and reactive etching process, and possibly also in the
case reactive coating processes, the uniformity of the plasma density distribution over the
area of the substrate 9 affects the uniformity of the etching depth distribution and or the
coating thickness distribution along, for example, a section through the substrate, the uni-
formity of the plasma density distribution may also be measured by measuring the distribu-

tion of the etching depth and/or the coating thickness.



7. A procedure in accordance with anyone of Clains 1 to 6, wherein the
pressure in the vacuum chanber (1 a) 6m)unts to between 0.01 and 10 and
‘.preferably between 0.05 and 0.2 Pa. "Y-15 8. A procedure in accordance with
anyone of Clains 1 to 7, wherein the plasma is co produced or co-excited by
an electric voltage applied to at | east one pair of electrodes (Sa, Sb)

separated b | i 1 | .t aim8,
anor e i b Pf SIS SRFAIRicEn VD BRI TnaE IR U dhie

| at t er tgafsddoby ugitg, S0l exdinple,ldn §iipumeer tbinpeisare thetrieknesd 6f thé silicaerkir e in
accordance with Caim9, wherein the alternating voltage is a high ..
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etching process
This procedure can be applied in an analogous manner to measure coating thicknesses.

The uniformity or evenness of the distribution of, for example, the etching depth, as also of
the plasma density or the coating thickness, for example, along a section through the sub-
strate 9 can be characterized by the so-called uniformity index, which is defined as

Uniformity index = (Maximum value — Minimum value) / (Maximum value +Minimum

value)

where the maximum value and the minimum value are, respectively, the largest and the
smallest value of the characterizing distribution on, say, the entire surface area of the sub-
strate 9 or along a section through the substrate. The uniformity index is usually stated as a

percentage.

The direct current applied to the induction coil 2 is preferably chosen in such a manner as to
make the uniformity index of the plasma density distribution, etching depth or coating
depth, for example, along an arbitrarily chosen section through the substrate 9 or, for exam-
ple, over a particular part of or the entire surface of the substrate 9 amount to not more than

10%, preferably not more than 7.5% and, even better, not more than 5%.

In yet another preferred embodiment of the device in accordance with the invention said
device contains at least a pair of electrodes 5a, 5b separated by a certain distance. In the
particular design of a vacuum processing chamber described in WO 00/19,483 the elec-
trodes 5a, 5b may be formed, for example, by the metallic connections in the upper and

lower cover wall of the vacuum recipient 1, these walls being galvanically separated from



count er - el ectrode (Sb).

12 to 13, wherein the alternating cur.yent and the direct current are
in such a manner that the unif]o mty index of the plasna density in

".chosen

the plane of the substrate (9) and/or the planes parall el
greater than 10% and preferably not greater than S%

14. A procedure in accordance with anyone of C ains

thereto i s not
15. A procedure in
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g of at |east one substrate (9). 18. A device

e for plasma processing that conprises at |east one induction coil
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self will normally be electrically insulated from the casing 10 of the vacuum chamber. The

counter-electrode 5b may be constituted, for example, by an electric connection in the upper

"cover wall or the end face of the vacuum chamber when such a connection is present. In a

specially preferred variant the possibly circular substrate table 8 is surrounded by a ring that
serves as counter-electrode and is usually described as dark space screening. The insulation
between the substrate table 8 and the dark space screening in the upper part of the dark
space screening is provided by the vacuum in the vacuum chamber la. In its lower part the
dark space screening is fixed to the substrate table 8 — though galvanically separated from it

— in such a way as to be centered with respect to a ring-shaped ceramic insulator.

The electrode pair 5a, 5b may be connected, for example, to a direct voltage source, possi-
bly pulsed in a unipolar or a bipolar manner, an alternating voltage source, or simultane-
ously to a direct and an alternating voltage source. The plasma is capacitatively excited by

the voltage applied to the electrode pair 5a, 5b, which is also described as bias.

Preferably applied to the electrode pair 5a, 5b is a direct voltage or an alternating voltage,
especially a high-frequency alternating voltage having a frequency between 100 kHz and
100 MHz. When selecting a suitable frequency of the alternating voltage, due account is
preferably taken of the effects on the substrate 9 and/or the vacuum chamber 1a described in
US 6,068,784, column 4, lines 23-52; specific reference is here made to this discussion. In a
preferred embodiment of the present invention, in which the substrate table 8 is used as
electrode 5a and a dark space screening is used as counter-electrode 5b, the substrate table 8

is cormected to a high-frequency voltage generator 11 with a frequency of preferably more



19. A device in accordance with Claim 18, wherein the induction coil (2) is
connected to an alternating voltage generator (6) through an adapter filter
.( 12) and to a direct voltage generatél'(G') through a | owpass filter
(13). 20. A device in accordance with anyone of Clains 18 to 19, conprising
at | east one pair of electrodes (5a, Sb) separated by a certain distance.

21. A ' ; d ith ' 18, t 9, wh inth
vacuam hb 02 Gy HeRRG ity HYB el M Tk e el wal g ). 2o
A devi cg&oimdedccor dance with Caim 20 and/or Caim21, wherein the substrate

table (8) is formed by an electrode (Sa). 23. A device in accordance with
anyone of Clains 20 to 22, wherein a dark space screening is used as

count er . trode (Sh). 24. A device in cordance w th.anyone of Clainms 18
o 23, TiRuict MRS FRbmel' sroBTitofS) - PraSERLAARGRBY! BLARYSHR B ebfocti c
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vacuum recipient (la) in which the plasma is produced. 17

for example, stainless alloy steel and is capable of being evacuated — encloses the vacuum

chamber la and contains a dielectric inner casing 7 made of, for example, quartz or alu-

minium oxide. The induction coil 2 is wound around the dielectric inner casing and is con-

nected to the alternating voltage generator 6 through the adapter network 13 and also with

the direct voltage generator 6° through the low-pass filter 12; the circuit is completed by

grounding. The substrate table 8, which sustains the substrate 9 resting on it, serves as elec-

trode 5a and is surrounded by a circular dark space screening, which is arranged in a cen-

tered position and acts as counter-electrode 5b. The vacuum chamber la is subject to the

pumping action of a pump arrangement 4. The upper cover wall of the vacuum recipient 1 is

provided with a gas inlet 3 situated at its centre.

In a concrete embodiment of the arrangement schematically illustrated by Figure 1, which
had been designed for processing a wafer having a diameter of 200 mm, the diameter of the
dielectric inner casing amounted to 275 mm. The distance between the substrate table 8 and
the upper cover wall of the vacuum recipient 1 was 180 mm. The induction coil 2 wound
around the dielectric inner casing 7 had a diameter of 304 mm and consisted of 15 windings.
Argon for sputter etching was fed into the chamber through the gas inlet 3, so that an oper-
ating pressure of 10™ was attained. The biasing voltage applied to the substrate table 8,
which served as electrode 5a, had a frequency of 13.56 MHz, while the dark space screening
that served as counter-electrode was grounded. The induction coil 2 was connected to an
alternating voltage generator 6 operated at 400 kHz through an adapter network 13 that con-
sisted of two capacitors. The magnetic field induced by this arrangement in the inner space
of the induction coil 2 amounted to about 5 Gauss. The induction coil 2 was also connected
to a direct voltage generator through a low-pass filter 12 that consisted of a capacitor and a
coil connected in parallel with it. The direct current, which was chosen in such a manner

that the sputter etching depth distribution along a diameter of the wafer that served as sub-



25. A cluster containing several processing stations that are connected by
nmeans of transfer sluicegates to a co n transport device and wherein at
.l east one processing station is a devrig‘e) in accordance with Cainms 17 to
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s@10% & () - @ @10%d0%v& () - @10%VE&' () -Zs-#10%V&' ()-! Tl 1090V&' () - 10t
10t 10tp(rpgﬁj;(g% igr gepordance with the invention in which an alternating current and an additional
direct current of about 10 A were applied to the induction coil 2. For comparison purposes,
Curve II shows the sputter etching depth distribution that is obtained when only an alter-
nating current is applied to the induction coil. It can be seen from Curve II that when only
an alternating current is applied to the induction coil, the sputter etching depth diminishes as
the edge of the wafer substrate 9 is approached; furthermore, the sputter etching depth dis-
tribution not symmetrical. Curve I shows that that the uniformity of the sputter etching
depth distribution is clearly improved when an additional direct current is applied to the
induction coil 2. To all intents and purposes the sputter etching depth distribution is no
longer associated with any lack of symmetry. In particular, the reduction of the sputter
etching depth towards the wafer edges observed in Curve II is now compensated. The ho-
mogenization of the plasma density distribution attained by means of the additionally ap-
plied magnetic field produced by the direct current reflects in a uniformity index of less than
+3%. If so desired, the amperage of the direct current can also be chosen so as to obtain an
overcompensation of Curve II and therefore greater etching depths at the edges of the wafer
than in the centre; in that case the uncompensated Curve II, which has a convex curvature, is

in a certain sense “reversed” with respect to the compensated state in accordance with Curve

I, so as to produce an overcompensated curve with a concave curvature.

In a preferred embodiment of the invention as a processing station the device in accordance
with the invention can be a component of a so-called cluster. The term cluster is here under-
stood as referring to a combination of several and often different processing stations that are
served by a common transport device, a handling robot for example. A PVD (physical va-

pour deposition) plant might here be named as an example of a further processing station.
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In such a cluster the transport device will be used to introduce the substrate 9 through a
transfer sluicegate (not shown in Figure 1) into the device in accordance with the invention
The transport device deposits the substrate 9 on the substrate table 8, where it will be cen-
tered (if necessary) and appropriately retained. Following vacuum-tight closure of the
sluicegate, the vacuum chamber is evacuated by means of the pumping arrangement 4; in
parallel therewith or immediately afterwards the substrate 9 is brought to the desired proc-
essing temperature, possibly by means of tempering devices contained in the substrate table
8. The gas needed to produce the plasma is then fed into the chamber through the gas inlet
3. Thereafter the plasma is ignited by applying the high-frequency voltage to the induction
coil 2 and the high-frequency bias to the substrate table 8. In parallel therewith the direct
current is applied to the induction coil 2. Following completion of the desired processing,

the substrate 9 is removed from the vacuum recipient 1 through the sluicegate.
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1. A procedure for the production of a plasma that is at least co-produced in the vacuum

chamber (1a) of a vacuum recipient (1) of a device suitable for plasma processing with
at least one induction coil (2) carrying an alternating current, where the gas used to pro-
duce the plasma is fed into the vacuum chamber (1a) through at least one inlet (3) and
the vacuum chamber (1a) is subject to the pumping action of at least one pump arrange-
ment (4), characterized in that a direct current is also applied to the induction coil (2)in

order to influence the plasma density.

2. A procedure in accordance with Claim 1, wherein the direct current is modulated, pref-

erably pulsed, especially pulsed in a unipolar or a bipolar manner.

3. A procedure in accordance with Claim 1 or Claim 2, wherein the alternating current is

produced by a high-frequency generator (6).

4. A procedure in accordance with Claim 3, wherein the high-frequency generator (6) op-
erates at a frequency between 100 and 14,000 kHz, preferably between 400 and 2000
kHz.

5. A procedure in accordance with anyone of Claims 1 to 4, wherein the direct current and
the number of windings of the induction coil (2) are chosen in such a manner that the
product of the number of windings and the direct current will on average and as absolute
value amount to between 10 and 1000 and preferably between 100 and 400 ampere

windings.

6. A procedure in accordance with Claims 1 to 5, wherein the direct current is applied to

the induction coil (2) through a low-pass filter (12).

7. A procedure in accordance with anyone of Claims 1 to 6, wherein the pressure in the
vacuum chamber (1a) amounts to between 0.01 and 10 and preferably between 0.05 and
0.2 Pa.
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9. A procedure in accordance with Claim 8, wherein the voltage is an alternating voltage or

a direct voltage, the latter possibly pulsed in a unipolar or bipolar manner.

10. A procedure in accordance with Claim 9, wherein the alternating voltage is a high-

frequency alternating voltage having a frequency of at least 1 MHz.

11. A procedure in accordance with anyone of Claims 1 to 10, wherein the vacuum chamber

(1a) contains a substrate table (8) for a substrate (9).

12. A procedure in accordance with Claims 8 and 11, wherein the substrate table (8) is

formed by an electrode (5a).

13. A procedure in accordance with Claim 12, wherein a dark space screening is used as

counter-electrode (5b).

14. A procedure in accordance with anyone of Claims 12 to 13, wherein the alternating cur-
rent and the direct current are chosen in such a manner that the uniformity index of the
plasma density in the plane of the substrate (9) and/or the planes paralle!l thereto is not

greater than 10% and preferably not greater than 5%.

15. A procedure in accordance with anyone of Claims 1 to 14, wherein the induction coil (2)
is separated by means of a dielectric inner casing (7) or a dielectric window from at least

the part of the vacuum recipient (1a) in which the plasma is produced.

16. Use of the procedure in accordance with anyone of Claims 1 to 15 for the possibly reac-

tive coating of at least one substrate (9).
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serving for the production of the plasma and with at least one pump arrangement (4),
and where the induction coil (2) is connected to one or more voltage generators that ap-

ply to the induction coil an alternating current or a possibly modulated direct current, the

latter preferably pulsed in a unipolar or a bipolar manner.

19. A device in accordance with Claim 18, wherein the induction coil (2) is connected to an
alternating voltage generator (6) through an adapter filter (12) and to a direct voltage
generator (6°) through a low-pass filter (13).

20. A device in accordance with anyone of Claims 18 to 19, comprising at least one pair of

electrodes (5a, 5b) separated by a certain distance.

21. A device in accordance with anyone of Claims 18 to 19, wherein the vacuum chamber

(1a) contains a substrate table (8) for a substrate (9).

22. A device in accordance with Claim 20 and/or Claim 21, wherein the substrate table (8)

is formed by an electrode (5a).

23. A device in accordance with anyone of Claims 20 to 22, wherein a dark space screening

is used as counter-electrode (5b).

24. A device in accordance with anyone of Claims 18 to 23, wherein the induction coil (2) is
separated by means of a dielectric inner casing (7) or a dielectric window from at least

the part of the vacuum recipient (1a) in which the plasma is produced.
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25. A cluster containing several processing stations that are connected by means of transfer
sluicegates to a common transport device and wherein at least one processing station is a

device in accordance with Claims 17 to 24.



