Met hod for the production of a substrate and unit for
the sane The present invention arises from

requi renents ehcountered during rragnetrom“lmm‘m‘ﬂmmm
coating of substrates. However, it was f

solution resulting from the present inventioHan be
ge ly e oyed.for substrate surfaces treated by

SacHsihod 45 Rap Protetion ol s pabrirat anl awt Forihensamie
scope of the present application by vacuumtreat nent

process and, correspondingly, by its effect on a
substrate, is understood a process a) in which with

| | asma_enhancenent material is renoved fromthe
The presgy 0 B RAFBR B e er et Lo Uh o SREMeA Pgnetron
tt BRI SUBEIrAGs. Dol )i .
opster BUGAFTISLE A0S, loherth 6 SBriEinatind UGSt fom
the presessdpviertion can berganeraliy enudayed dor atbssratei tafdces tfated by

vacuum I{%g%%gﬁfé%&tg%eﬁyrface material, c) in which materi al

0 the substrate surface, be this
reactively or non-reactively or by neans of
. .. plasma-enhanced CVD. |If therein material is rel eased
Definitionr om t he sol i d phase into the process atnosphere and,

D e e T
corresponiditegyl gt iopitsadfeconn d subdtiab, ishend@ktagka Prosessd

material fromthe solid phase takes place at a
material source at which the solid phase of only a

a)Si Ngheywhirat Wit@haﬂg]la'bﬁlapérﬁ?a‘?r{&%ménft rh rféli is"?eﬁrﬁo@@ Irfféﬁﬁ the

are present with different materials in e SO
supbtrgte $urface; ab démgeadtiveoor henpeaciss phsmes ptehigg, each
of the rel ease processes and,
b) in which material on the substrate surface is modified, as in

reactive plasma-enhanced secondary treatment, for example

afteroxidation of the substrate surface material,

c) in which material is applied onto the substrate surface, be this
reactively or non-reactively or by means of plasma-enhanced CVD.

If therein material is released from the solid phase into the process
atmosphere and, after reaction with gas, is deposited on the substrate
surface, a process under consideration is exclusively understood as
one in which the release of said material from the solid phase takes
place at a material source at which the solid phase of only a single

material is present.

If two or more sources are present with different materials in the solid phase for

release into the process atmosphere, each of the release processes and,
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correspondingly the coating processes of the, or with

the, individual materials is considered as a vacuum

treatment process by itself. In such a case two and

nore treatnent processes are carried out
correspogdingly dhe seatipg pracessgmef the) apwithethes h&ﬂl@iﬁﬁ&lh&faf@iaﬁas is

r.f.ac oda al rea 0 attain goaq

conmder%cga% ?an‘gg%‘#‘fmﬁﬁ%%? i SAPFE St yoﬁtses']?,f ti’(}ls fgCasgi vo and more
treatmen€lipgbdsaed hRNcdratedSow @6flkdh %I y.ng planes

perpendi cul ar to the surface of ‘the substrate.

However, if the coati ng t hi ckness di stri butions

In magnét@éfeﬂlsghg@r cBafSe%' sgltlsgt a %%1 Sig;ég%mﬁ%%?gg%l to attain
tibsationg i
i e 91 M S LU
planes perpendignlen i ki surfags of thesehrntey dlowiwes uf ﬂm: eoaﬂiﬂ[@
tisfactor
th1ckness$§%ﬁ%?9ﬂ5%% P%%lglilﬁg ler %ggcf gﬁ n@é?ﬂn&? é’h chela id assessed as
good to eerlysgoed, exetdoenparpdrarhbhg khesselvies rtﬁﬁ@'fﬂcﬁﬂ é%itﬁﬂ% ﬁlQﬁe to

ubstrate hery, a distribution results whic
cutting p %%WF g}ﬁf Fnsistered two éﬁ?‘ﬁﬂ@pylaU}ﬁ%ta Stfmmg) ﬂchkness
e n
st RS “#%?f%t B8S & e d IO B T Blslidng
with a surface treated by a vacuum treat rrent process,

h th f h I fied two-di mensional
T, for exyfRpl Wy SputteoRsHd Grobis e Enepeg supesaes. rerlayer thickness
is receive@DAMNgOMel RUB3E-a8E F@ﬁ?h@ﬂy tz0 fs@ﬁbﬁf &1 %Eﬁulltg]mﬁ{:ljl 90 many
corrprlses est ab ng "a p asma. di Schar ge
apphcatlcpr@@anrp9se5n1hcﬂm§elyeuu@twémtotyy di stribution, exposing

the substrate to the action of the |nhoaneneous
density-distributed plasnma discharge, and

The pres@‘stt ialleh8bh st it E@ﬁdéxﬁéﬁta@ @11191f ’cot ? JsedH MRAtod ef?f‘ kllte

- establishing a specif novenent o
prod.uctu?r‘n RbAvbSESte with a surface treated by a vacuum treatment process, in

which the surface has a specified two-dimensional areal distribution of the treatment

result. The solution found according to the present invention comprises:

- establishing a plasma discharge with a Iocally inhomogeneous density
distribution,

- exposing the substrate to the action of the inhomogeneous density-distributed
plasma discharge, and
- establishing the distribution of the treatment result by
- establishing a specified relative movement of the inhomogeneous

density distribution and the substrate,

- establishing a specified time variation of the electric power, which

supplies the discharge and/or of an optionally provided further electric
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density distribution and the substrate, establishing a

specified tinme variation of the electric power, which

suppl i es the discharge and/or of an optionally

provided further electric 2 signal, which places the

subsgigahk witichigacesofHeadbstrat€ht b waltdbevari ation and

said rm_veme{Hn.'}j For. exz;\.g)le_ in order to attain a

- speci§tiieg sp BAlenanel eaifl mpgementiti on of the

treatnment results, contrary to what m ght be expected,

not as honogeneous a density- distributed plasma _ -
For examiplecinaomler its atiminget subcifidd hatrvgenaons asem dibeibitift bPthe

which is locally jnhonogeneous, i.e. has_noticeabl e _
treaﬂnef&*é@?@ﬁ% COPURIR STV hRInRTEY: WhPEPectPd, phes bamageneous a density-

‘o . L i g peci fi G. . .
s ERTARERS i kbets L0 TEARUPN SR BRSRLIL Bion e o
locally indemsbggnetius; i.ebbas otieeable hegipowerf plagrhatdedBitytWRich are
. real distribution.of t gtr atment result on the )
increased GERinAiEd 0 i Bi6ns o dTpiahh {pa RS Settgphthe relative
movemefiP Ve IRA inldtdoganébdd dBndA)S HRLPRoR Cﬂﬂzsﬁ iati

enpl oyed as ?ndependen%{%{)g{r%gﬂrlrg?g?é aglrd var gﬁ?gyaﬁgugg, the
areal disgrélbutadn Ofidhe treetment resudtionshe substrate sutifater istset.i on”

dependi ng thereon. EP 1 254 970 by the same applicant
as of the present invention discloses the follow ng:

Both parBhidterse biidrboeinding adldesdi& | tHAS 8Ariabion, bR cOARLRRRALlY employed
at nosphere froma magnetron sputter configuration

as independept PrameleEoMpyEelles to diefses0frihe funetiom Fedonent result
distributggfg%e%%ggh%oﬂm ch the particular material is

€ process atnosphere. The individual
solid substance sources are therein operated froma
C n .. magnetron. configuration. In order to set the
EP 1 2549000 the SamE ARRJICoBb ALK ItBRTEReN HEVeRiEon sbisleses bt h
followingH higfepdtt FBILIHIRhSe rdBLdd0ird thy Eﬁo&ﬁs b Rfexaeafrow a
Singl e magnetron configuration, on the one hand, tHhe
magnetrem gputter contigdrasiont. h&argey petrtsororoprised) of alifforenit snaterials form
consequently it '

each a sqnl.gr\égfjaé g\\/ﬁ%bggg I{P@Irrg%lv]ll gq?%t%%j%ﬁs Pdtisea into the process atmosphere.
The individual solid substance sources are therein operated from a common
magnetron configuration. In order to set the particular sputter conditions at the two
sources with different materials, and to do this by means of a single magnetron
configuration, on the one hand, the magnetic field of the magnetron cdnfiguration is
moved over the provided target parts, consequently it is also moved relative to the
substrate, and, specific to the target part material, with the magnetic field movement
over the two sources, the sputter power is also varied in time. It is therewith

possible to take into account the different sputter characteristics of the two. sources in

a constructionally extremely simple manner from a magnetron configuration.

In a preferred embodiment variant the plasma discharge is established with at least
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substrate, and, specific to the target part material,
with the magnetic field novenent over the two
sources, the sputter power is also varied in tine. It
' is therewith possible to take into account the
one regio of grenousgad densibharadmemsti cs of the two. sources
in a constructionally extrenely sinple manner from a
magnetron configuration. In a preferred enbodi nent
Establish{fg tR@kpbdifie | rBRAR edndGBAIEHE it FefPAe@lin 556 WnbBddhent thereby
| east 3" one region of pronounced density maxi mum -
that the sghsmte b iy achwidpresperieth 2 slagtimre revepéadetini which the
. real i zed .| fi.rst enbodi nent .t hereby .that the :
dischargt 1§ pREREA . . B PR UT denR i S R PliSma discharge
with its desep} aebemal ahdleabity ReinihS6BREAEDE mARRANHAY Matidiiily in
I nhonogeneously densi‘ty-distributed plasma di scharge
the recepfpelg ont als@gbgsnpyeddherean.and density ninima loci can be
mai ntai ned stationarily in the receptacle or also be
noved therein. However, in a preferred enbodi nment,
Howevef, Untd preferrednsmbediahént, tditheribtenpadfatably tWikile maintaining the
subst rat,(f statioparily, establishing the specified
substratq, SREORGB v ETRLiSN g the epasifieth selativh MBOYEMEns ircestablished
through 9% g fovelifer: Qﬁocﬂg 9HAGNY enggltr1'§ H%z}{sigf( %itigtki;%%ftoﬁnwith
wi th Trespect to the vacuum receptacle. 1 na further
respect tprthé eracadne mxegiacdat of the producti on met hod
according to the invention the inhonbgeneous density
distribution is generated at |least jointly through
In a furth&egféf_ﬁfr{aa%b@d‘in%’nt' Graihe fﬁod%cﬁ%ﬂr}?kftfocf é@éoqding to the
According to an especi all referred enmbodi nent
invention fhe évhemogeneans densityadistiibytios is generaded at deast jointly through

real.izing the rel ative noyepent of the i nhonbgeneous
_ the cont%ﬁ%é% bé%ﬁ?f"ﬁ?f O?@fi TOPENR ﬁ?i&jt hereby that the equally
i nhonogeneous magnetic field distribution is noved in
.the receptacle in which the discharge is established.
Accordingnto pnaspacially gnafegeed embedéimant tharpwiteasimplogpatdity is
provided oy BAUBHBEITRASEL: Ao RS Ry Thpeflt bk Yty
distribution thereby that the equally inhomogeneous magnetic field distribution is

moved in the receptacle in which the discharge is eétablish,ed.

The plasma discharge is generated by means of DC, AC, DC and superimposed AC
or by means of HF. Optionally the substrate can analogously be connected to bias
voltage by means of DC, AC, DC and superimposed AC or HF, and in this case,
preferably additionally to the variation of the electric signal operating the plasma
discharge, this bias signal is varied in time as specified. If in the present context a

time variation of an AC signal is discussed, it addresses its angle or amplitude

variations, thus its modulation.




vol tage by nmeans of DC, AC, DC and superinposed AC or
HF, and in this case, preferably additionally to the
variation of the electric signal operating the plasm
*__ discharge, this bias signal is varied in tinme as.
In a highlyepreferzed eptbodimend qutgs enethoshaeording td the irarengipinotihe

vacum e At R SR S e
specifiedrdlitive PRe¥aheRdiseoaitaed radliddactHBhBA% H5&ied Moddénent of

the inventjion the vacuumtreatnent process is forned
the magpetran fgnet field witlt respepl toca sargeasgutter susfpeei f i ed

relati ve novenent is at |east also realized through a

speci fied novenent of the magnetron tunnel field with

It is knofas peatddidng rhagiRtors Bphttefing U4 fggnetld fidldl is?mratlaat above the
during magnetron sputtering, a nmagnetic field is

sputter syefasepicthedpsgat, widch digld fams gnefuemere twrnelahgped field line
£ i f ; r ield lin
patens 1 0, AR A0S BT 4RO NoRLe LR b
segmentssutistaretiadlydparalleh th tige targat sufgoestibsagfuehélptdrabt ¥gain into the
ar.al | to targeftqcsurfac%i Slibsequent ly enter
sputter spgface. | HRroUgReknQp T &It diammely clefFom GIRRRISHIS, 2 tube-shaped
region offihGehsed PRERIY d@ﬁﬁ?}é lfs‘;genrgérgféc?%&‘é&l&at@d Gy ki’l?é éP@aOSfj the field

regi on of “increased ensity is generate
lines in wimde theyaexendrparalehtoetheofputiver Surdhak. In thés regionhofcimereased

hey, extend paral|.el to the sputter surface.. In this ,
plasma el SiasRLALHY spstetaualneiit jnSesh sdhish, by compection
with magREtrol spultterate 1bfdd RF IRARESW o8N %fbo%@@.n 3R1drEBr to utilize

W th magnetronm sputtering, |leads to the known erosion
better ingpaysicedar the tergrirmaterial, itiiy &nopa temaove ther fielduline pattern

atong e SR TR i 2SI AR Aol movea

magnet eofiginghtidhisishiechth the pirget. di ng noved nagnet
configurations beneath the target. Based thereon it is
evi dent that magnetron sputtering is emnently

Sased USIESAN S St HEPUIAL PSR ALY o vl for o
course of\aatibaldceofding tothapraseritnhetiugk séwesmehns are Hersalryady
availabléj kSt rrnlot\)ftljrtIé an %%%Jg%%ggﬁg ptlaosrr'lg density distribution with respect to.a

substrate.

Consequently, and basically preferred, the relative movement of the locally
inhomogeneous density distribution of the plasma with respect to the substrate is
realized by the mechanical movement of a magnetic field-generating configuration

outside and/or inside the vacuum receptacle.

Such configurations are for example realized with electromagnets, coil configurations,

such as for example Helmholtz coils, deflection coils, in magnetrons with magnet
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substrate. Consequently, and basically preferred, the
relati ve novenent of the locally inhonbgeneous
density distribution of the plasma wWith respect to the

" substrate is reali zkg y the mechani cal novenent of a
configurpgighwunder the targehuraeh ﬁ@taé%@r.aga FRPYesh In gites feand Y

movemeR&d/ ﬁ{eaﬂ (€ Wi fe ny ory g@ﬁﬁ&@' e. Such

.conlgur tions are realized with
el ectromagnet s, corl configurations, such as for

| mhol t z |Is defl ection cqil.s
Howevewaﬁ”&aﬁo@ rrletC:h\a DEROVETRERE { ENEHS fiekd sAn @i be moved
electr1cafng'1%eéoﬂ’%l% ’Elﬁ{@{@n%leadﬁvﬁ%v@pﬁkefhlg elpen lééﬁgrgﬂl donfigurations.

ments, linearly and wth*nutu
It is entlrddml,ble rtrst:emlblné naealnanlmrh incavernenieakntagnietic rfmjdgerrrerators

and elecliGHRERHEE' ff%e;rgn G e o i PPaal ol bE moved
mechani€Q.i gur at i ons is entirely possible to conbine

nmechani cal anenent of magnetic field generators and
el ectric tine vari able driving of coils, which can

e mof S AR Q5pURARL RO b o pRa
currently @@srl;zl@fdreéa currently less preferred. In a

further preferred enbodi nent of the nethod according
to the invention the specified relative novenent as

| . o
In o furiH Bl P AR b of Uk F LM 12968 Invengion the
spec1f1edesélaﬁ{ze ﬁﬂmcmemBgWelllswﬂ{er spcifedd oime bgnaho?lade b:aﬁh
that, i.n genera is not required t ormthe
estabhshsérﬁq 2P§FodiG .t%%dieﬁ@nﬂsarecﬁr ablishegcthiguan cal .
ri viar I
| synchrori I%\S/telﬁigmlp gﬁa%t‘i’lfg ﬁ@blgttéed gr%}t flgr%ﬁe'rgﬂt 21%& zé‘tgﬁilréf t@tfgiéﬁhthe
partlcularrmtablisémedq&nqrhmtwd tbsheailenticely eThenpletrioplsenfofaid harne variation

her or such that the aye,a nop-intege
and saic iy ey een oy ke el fecery angreriticaly S8ch that the one
period is an integer multiple of the other or such that the periods have a non-integer

relationship with respect to one another.

In a further preferred embodiment of the method according to the invention with the
aid of the discharge a solid substance is released into the treatment atmosphere.
Further, into said atmosphere a reactive gas is introduced. The distribution of the
compound relationship between solid substance and components of the reactive gas

on the surface is set as the treatment result.

If, for example a metal is released as the solid substance into the treatment
atmosphere with the reactive gas, the distribution of the stoichiometry of the

compound material deposited on the surface is set in the sense of the treatment result
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In a further preferred enbodi nrent of the nethod
according to the invention with the aid of the
di scharge a solid substance is released into the
' treatment atnosphere. Further, into said atnosphere a
to be attaipgdti ve gas is i ntroduced. The distribution of the
conpound rel ationshi p between solid substance and
conmponents of the reactive gas on the surface is set
In an espistidlhe prefeptedaarhbodinért of the inethek asgireing 1@ tthé inBention the
rel eased as the solid substance into the treatnent
treatmeng rapalo AL ACOMINE alrfaid sHtleree Hlowevasethy eptment msulican
. g ; ter it ad .
therein s 1Fp8 e ERIBHR NG trdatenf SURALECLAIR, Endifle DERATLDE reactive
or non-r¢esivet 6 to be attained. In an especially preferred
enbodi nent of the nmethod according to the invention
the treatnment result is a coating of said surfaces.

In a mrdét@fgﬁya%rrea@nba&aﬁmf {HeStileth G AccdAg £hd 1R HO&Rid8n

Ing of the treatnent surface, both,  coating or
intermedit ehiragtmergacsulids norasnoed befmei the . enidnoftifeutrehianent, compared

with & rBrbe] S ATar, BB tES B o F9RGhT By e tBhparison
result, tr{vgf@éé&ﬁé’d bahaye ribeeraBft fhd f bethe ARl Paiati6R 1P 8éRTusted.

_ tth a nominal_ internmediate treatnment result and, 'as a
Said medayrenient takes place dmbarthen prefesendet withput ypeenny derruption.
rel.ative.nmovenent an ti varj at.j '
The subjfajcat PRI Al i R ah i oty for

exampleMtSirefiRNeatthdritoitinospbietinintotL iiaaptitiog. atmidspherd) iy Adither
' can therein be transported fromone vacuum_into the

preferrecht $del measureRIeapt eamieshouhi e s the IR drqasngnt, thus
| in the tr@atﬁ?&ﬁ;ﬁﬂo ?ssa:;t?f? REE: AY i’s.ffu?tr}fe? f‘ffrgfje?lfeﬁc%ec?ﬁ gﬂeaﬁﬁb&ent result

neasurenent s carried out in's
is supplizdbsd & aheasiredicontrv]ledl htasiable td heconted tamndt, prlticksets the

.. atnosphere. As is rther preferred,, the neasurene
specitied alafive eVl Fas S HEe LASE b S ShE FOTFEANS AP EbNe o the
treatmerltOre8uRGBELRItioR, F CUl t, which sets the specified

rel ati ve"novenent and/or tine variation as the

correcting variable for the

The proposed method is especially suitable for the production of components
operating on the basis of acoustic surface waves or on the basis of "bulk acoustic

waves'.
A plasma treatment chamber according to the invention, in particular for carrying out
the production method according to the invention, is specified in claim 20, preferred

embodiments thereof in claims 21 and 22.

In the following the invention will be explained by example in conjunction with

figures. Therein depict:




Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

treatnment result regulation. The proposed nethod is

especially suitable for the production of conponents

operating on the basis of acoustic surface waves or on

the basis of "bulk acoustic waves". A plasna ) o

t r easdchematicaljbe treadwent ichgmber rseonrding feitba invention utilized

partjcul for ' r j th .
fro%ica%[yt%g tq%ﬁ%%\yﬂgﬁgugﬁ(gn .r}igt%o@l gc%ﬁg%fn%toc a(f’l %Q'EBFIOH’ as

acco ng e n I'ON, i'S Speci

pr ef welled foprbAdidenéstal BeprabtibA ¢fl therPreddntaif@erBon) N

the following the invention will be expl ained by

exanple in conjunction with figures. Therein depict:

7 Fi : tLgal s ; t r [

(o Rt SERERSEAAR, i opfviep O ERIf BRI ARGPERIE the

pr odpifdsenhirmeiniion acaw inhagogentdusly mepsity atistritaitedglasma,
as for a fundanental explanation of the present

invention, Fig. 2 again schematically, in top view a

subs j t i,npent i on in

an | GBI R0y AREAL et itk den ShAR I alEL, 01 5
exenfitanyogmeensrdersityrdistrilatticrenf a saksbrast welrm Iy example a
i nhonogeneous.densjty,.distribution of.a plasm as well

e ok agh f S Blesirid pvler SpPRENg| B aP S Pouer

supplying the plasma, Fig. 4 sinplified and in

| ongi tudi nal section a treatnent chanber according to

t he sinvelifiecbandiin hgithdined seetibn@ weatorentrdhanoberhaccording to

inveption is. reali.z ng of a,.nagneiron sputter
sour i eTion’ BF AR e HAGR Ao RRRds e D ERHbREE
tr eafdmized N8 dand @ el ARigRGtroRdpUtgert dirirselbst r at e

treat ment and met hod managenent "‘as a regul ated nethod

according to the present invention,
schematically and acquired in situ the treatment result developing

during the substrate treatment and method management as a regulated

method according to the present invention,

in top view the constellation of the magnetron magnet configuration
such as was utilized in the unit according to Figure 4 for the tests

shown in the following,

Fig. 7 to 13: achieved treatment result distributions in the form of coating thickness

Fig. 14

distribution, at different settings of the setting parameters utilized

according to the invention,

schematic representation of the coating tilt attained according to the

invention.



Fig. 6 in top viewthe constellation of the magnetron
magnet configuration such as was utilized in the unit
according to Figure 4 for the tests shown in the

' following, Fig. 7 to 13: achieved treatnent result

The fundamientdd primaiple of theepfastuntioh me#dtdd getdridakg és she invention as

well as %%f%%%?lgélito%’@?nﬂ%efgffcge enﬁt&?ﬁ‘tﬁt#‘ggﬁﬂgalvﬁﬁﬁh?sI(letiitﬁloggf:%d in

; : [ r i t1h OR! | ' :
conjuncidy SRS 1SRRI 01 SON Achddd shematicaly,

is electritaliy amoneaedprithdhplselestionrewitclodadoigsoundtdrpdptionally, to
according to,.t i nvention. a well as the t t ment

another SEERt BBl fy A M S st BanetShenad e HREV Il GEahawm

schemat&%&illgﬁ%%biéé&o‘&iet% &th@ anlele¢thode $BC UIHE pREER dfcRadge gap 5

: , as depicted schematically, is electrically
is operatsshelectréaallyi byh mestssaf] 2 generaten’ + whidacarwbgraolfid asr AC, a

optio I t apoat her, ref erenc tentia
DC+ACHARER anelsfor, " EakSioBH PR RO R Rge B2 5B are also
impleméﬁ@&r@rf&?bh}diﬂg td) i pebeidetoslasa dibchatedpeeiet @dds familiar
5b. The plasma di scharge gap 5 is operated
to the petseptskilled iy thy affeans of a generator 7, which can be a
DC, an AC, a DC+AC or an HF generator. It is
under st ood, that the el ectrodes 5a, 5b are al so
On the démlrﬁmmdt ad acw_lescemommtn? 3bps|hd'ves pctlmzhﬂmmm atepending on the
i arge species as is fagiliar to the person )
purposesqf, {HecRPPHCAH08, dhg BORFAR GRRAIe FRECtes: Clectimally, flgating, at

. chematical r a o

ground PHALE Y, SHRESE R Co atsadns o) b s

understeodnesi sldodecictentical to/¢pf.1 oati ng, at ground potenti al
or connected to another reference potential 02, which,
it 1s understood, can also be identical to Ol.

: It
t : at i | t j ;
Geners G798 o8B0 B S61 0 BB ARy o MELER gl
| Supplyingm?sb gapdiodmbednpdutdted imitirhe veigiperespecd tOOW ataliee and /or
phase agcq9o19 rzlarnplitude and/or time trace.

The plasma discharge gap 5 is formed such that it generates an inhomogeneously
density-distributed plasma. A two-dimensional inhomogeneous plasma density
distribution is depicted in Fig. 1 at pp, for example with a density maximum M. The
plasma density distribution py;, can be moved with a specified movement with

respect to a substrate 9.

Although a person skilled in the art is also quite familiar with other measures for

locally increasing the plasma density (for example moved plasma beam) and

therewith to operate and to move an inhomogeneous plasma density distribution, Fig.




phase and/or anplitude and/or tinme trace. The plasma
di scharge gap 5 is forned such that it generates an
i nhonobgeneously density-distributed plasma. A
t wo- di nensi onal | nhom)geneous pl asma densi t : )
1 showsdhgtfﬁa&;bthtbr@furgald@pgctmj Y Angang of magnehg, fl%@f‘r- EQuipisepurpose

in the pf#sfr{& l%ﬁgﬁf ﬁ%gﬁ@é rmvgsg geR%ﬁ?é?sfgg 'g%ﬁ\i?ée with a coil

configurEiv@ oty ediuritier! rc@&l&@tt "lTh:toa ghubstmaterical Ahbhemeht af the coil
person skilled in the art |s al so U|te famliar, wth -
configurgtipgrL the sagneticdield| deigiytiomin %Fliﬁg fFgE SRR SHA moved as is

shown sgﬁgﬁlattl}falﬁl%%lt )éall?{gltc?r JRVE qsﬁhaﬁgglbeﬂ@ Hﬁf\%sma gﬁﬁﬁ? Ty

era to nove an I n eneous
drive 13d¢1$1brﬂ1'\latttdlbdfbnﬂ'g1gat16ni sheperifiéid at eantrbl limpwts df3,,, 13y, each in

reaI|2|n b S etic fi For this
the X ani L ettmOf e Brideris: | BAUITSIE Ssagh oF thS presant dpuSpton it is
essentlaﬂoﬁghg J@ftﬁ s]B&rt tS’éﬁE@!rSte"\Mrﬁe?s 69 ithe sGR&FABW fid ﬁ{homogeneous

er® control roug t he nechani cal nopvenent
density disttibationigy. of dhé rp@aﬂma i imposdrk onery spedifed ineddement, which

di stribytion in th di sch ] s.nmoved ., a
takes PIR ARSI Fita ! Fropeh e RBEGRDaRTS SPFHIRRgnOyement of a
magnetlyff‘eflMM1drﬁﬁpg‘ﬁed%m§mad%%ﬁ g 13 onto the coil

confrguration L ecifi at control inputs 13s,
135 ,, each in the X and Y direction of the drive 13.

W.t hi n cope_ of t e t t.ion
tnstead gt ¥t Fred\pREE o fhrdBiBt o o Depinteipaty plimal g of the
plasma H%hﬁ#%lﬁ%&ﬁB&h@ JulbBtra b eAREe Qﬁot%ﬁ sd&%ﬂ%té y gan be connected to
di stri i'on PPL of the plasma is inposed

bias volmmuhe@ermd@femslgmh generate 3 ipl priaciple @g@innf@ pE, AC,
| AC+DC ?19151F1 n‘é ﬁg‘?’ % rrga& dgr ?&p%%t%]gﬁﬁhﬁpgﬁgéﬁ@g sm%/cﬁr@ecnghls can

be carr1éd1$)ﬁ1f§&»d1tl@fre§;liétt 1O Gudahd Eﬁ)te@tﬁah or adth tdspact © a Cﬁﬁrthbﬁ reference
: el ectric supply signal E5 of the plasna discharge gap
potentia 3; he substrate carrier or the substrate 9 can be
connected to bias voltage with the aid of a signal

' generator 15, in principle again to DC, AC, AC+DC or
If this bids placedent of thesalbstoaik iprniet B ia provided; thegentrdator 15
prefe.‘rabsl\}lrvI atlscoh cg’&pr%slgé 3 moadulation input 15y4p, at which the bias signal, as was
already explained with respect to signal E; for operating the plasma discharge gap 5,

is modulated or varied in time,

The following indicate:

E;: the electric supply signal (current and/or voltage) of the plasma
discharge,

B(x(t), y(t)): the x/y movement of the distribution ppy With respect to the substrate,
in abbreviated form denoted by B, |

Ey: the substrate bias signal.
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be carried out with respect to ground potential or
with respect to a further reference potential 3. If
this bias placement of the substrate carrier 9 is
provi ded, the generator 15 preferably also conprises
a nodul ation i nput 15MOD, at which the bias signal, as
was already explained with respect to signal E. for
operating the plasna discharge gap 5, is nodul ated or

If Es, B orcll B réspetiively, TheptabliguiipalstheaittingBike ef Blace |16

el.ectric su cur
correspopfingly atd |N©gﬁb$/g3§ om(s 3o andt gparttfhemxthe panvientatamplitudes,

are set ﬂ{é’] En‘gelbi%hpwagé)%] g.‘F %gﬁ%?eez(r?? t%gng&%stl{l]?e.fee%%%iﬁq élee,slgnal
period obtfmus:ng al.. 10 If E5, B or E9, B, respectively, are

periodic signals, the setting takes pl ace
correspondingly at 7MOD 135 or 15MOD, 135, and, apart

As was SHoW §R @oRRIHCHBH l fth it Hﬁi:efé \?Eg ﬁ'éoége#nénhce?ft @e

signal traces rapezm , etc),

inhomogahsous péassnay dahsrqp e]nstmﬁuﬂbnf g cwlﬁh G¥speS tvahe %hgwaiensurface
, the relative novenent of th

to be treﬁ“‘ﬁaj o ogil\é%pxé%ﬁplaéway O @ Y§IpER @htfmvplamawdenmty
dlstr1butfo?1sﬂp 1&10re §§c(§5t8%fzécﬁtfaglesi” FAG5eydi0 P8 OL?I{CF d;@}?ﬁ it is

ace ment or  hovenent

entirely pkmmbleyopﬂoﬁaliy hdtitonathl, tinhdve eRpeatie s&fbs&@@@@éﬁfér%r the
' it is understood that it is entirely

Substratep%ggofmr%spe&bf? ShareqePiarie di Jhas pgsential Haate vigwsed Oier the
treatmen® Wi A a@&i’rﬂir% tPh };ﬁ%rn%@pcﬁf)felaév?tf}]\ ?av*ﬁtrﬂo(/g %reﬁ:ttpag the
I's essent i a a

the receptacl e Vi ewe
inhomogeheous pmmﬁedtanmt)nd;stabduanqn[ dimegpt @var PAE kAbstrate surface

bl.e th sai d npvenent, that the inhonogeneous
.Sequenﬂaafyas%é basmRgeny stafed; it the verghiopm! F \fetisehargervaliage or of the
discharg® eRfleh@bBAYBE,f@¢Rovided, of the bias voltage is simultaneously carried
out on the substrate over time. '
With respect to the movement of the inhomogeneous plasma density distribution pp
with respect to the substrate, reference must be made to the fact that this movement

is two-dimensional (x, y).

Again highly schematically, in Fig. 2 a circular disk-shaped substrate 19 is depicted
on a substrate carrier 21 in top view. A process chamber according to 1 of Figure 1 is
not shown in this illustration. At the plasma discharge gap, also not shown here, in
the vacuum receptacle a plasma discharge PL is stationarily established with, as
shown in Fig. 2, substantially two-dimensional inhomogeneous plasma density

distribution Ppr. By means of drives 13,; and 13, the substrate 19 with the substrate
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sequentially. As has been stated, the variation of the
di scharge voltage or of the discharge current and/or,
if provided, of the bias voltage is sinultaneously
carried out on the substrate over tinme. Wth respect

carrier 2} diselamdeneba’ctveoﬁo thecinhonuogayeous ensityshintrimrisornt pp, which is

stationacy o thé ANakitey With MiieorGoF Reneldas. tha & Phivemiegy atdhe
substratel @rh\é@léjdﬁ%ﬁ' AR tHeXeortol ﬁgg b gﬁ@. seberrbhical |y,

in Fig. 2 a circular di sk-shaped sﬁbst ate 19 is
depicted on a substrate carrier 21 in top view. A
of Fi

For exanfliRCfe gt SRR eRAL itk | 2afnBlmCl ey b £ Al 04at as of
or E, are@ﬁplct@tls THROMERMNENE T, and B, dbPRIaR S P IBREPE Ad §a1'°'1‘1e
asma di schar%g PL is stationaril yresta lished with

periods ﬁs whilg dhe signatity ord, hasoa pgriodal| ¢ & mbldi@r?ﬁ@pdnaaugnals the
B LI A TR -

the X directior batembiesent ivthel diedtion AcR@llrR el Yieadedpddiion
i nhonogeneous density distribution pPL, which is
between & apndg 9xamplq1%x@zh<ém erhe petiads pé thehvoair dirgesignals can be

cisplacec 1, K YRR R 5005 liobiferrs. 1

they are pefio@xaRé ?ha!sd.ﬂ leifﬂA(b?;,, nbe, ﬁs&ﬁ@ﬁ&a@h&eﬁettdﬂﬂetﬁe Slonhit€are
novement B as well as of E9 are depicted.

synchrorizgd i thaenss Céxa ahaseskocdferpg cfetatheﬁmro.rg fog Bhaveaxime and

minima éﬁﬁ@s gﬁ%ﬁ,’ Igﬂ,; ok th%b@ﬁ%l%ﬁg %(%Lﬂ%l orﬁgﬁg E{eﬁgreﬁ@f‘atbﬁ%lset similarly,

as showrphaﬁf.g [Bpdot theny isosehens uoipasiehhes phelb as B $ir tH 0 rEeaker

Wween novene the X direction and npvenpent in
. preferrec{) ﬁ‘@ Hme; {raess; %fn ftheagarwéplara%gw@ FhekeVpds; Kigod on the trace of
B, at(abgﬁ ween ES5 and, for exanple Bx, O4EB. The periods of
e two or three signal s can be di spl aced with
respect. to one anot her by I nteger or non- |nteger

rational f.actors re per.iodic, the
Through ¢fip BPBRPRRGEe s irpPekdat 9f Sl ERAMAE Sstih dhar mutual
coordinaBbf acByIIiNE ADitREInvéhtidie oﬁecﬁéqﬂgéma-tp&aé& suBskhROsurface the

Furthernore, for Bx, maxinma and
areal distribution of the working result is set.

Following courses of action as depicted in conjunction with Fig. 1 and 2, etching
profiles, of non-reactive or reactive etching processes, on the substrate surface can be
set as Working result. In plasma-enhanced chemical vapor deposition methods
(PECVD) with the depicted course of action the areal profile of the coatings deposited
on the considered substrate surface can also be set. If in reactive methods; or also in
PEVCD methods, a constant partial reactive gas pressure is set above the substrate

surface, the described approach permits. specifically laying out the resulting areal

12




m ni ma val ues Bmaxx, Bminx or the novenent excursion

BHx are preferably set, simlarly, as shown in Fig.

3, for the y novenent conponent as well as E5 or E9.
' Further preferred the tinme traces of the particul ar
distributivingofithes; depositedwatimgFsecificaily whith tespeet &f coddngthickness or

chi zﬁ_ ar.e set. Through the appropriate selection in

stoic 1oné)ed ¥ire{l?%lr of said paraneters and their nutual

coordi nati on according to the invention on the

pl asma-treated substrate surface the areal :
As has bgen expluinedrit if alshehamskémg ofehel presenisietvenBohl tovinoge an

. [ j.cted in _conjunction with Fig.
inhomog§ AR BIatind by FRfBLEN Tor WA TPABRS 10 8 wibstrate Stitace to
be treatef€acti ve etching processes, on the substrate surface

can be set as working result. In plasm-enhanced
chem cal vapor deposition nmethods (PECVD) with the

pronoun 50 OGNS 0o A5 RS 5 bt bbb Ml Snagneton

tterinBiid dedt le@e Abs® the tethel-sHapell MBgALHY BeltP : f hi
P erlngluso in PEVCDﬁg)rret hods,ea c?gnst an?ﬁpértieal %ﬁeig\?éenso high

plasma densitipsears generated eboxpdhe target splitter stiefaceur Aacwas ekplained

. . . L ni specifically | aying .out the
in the indSSEEAARC: WRAARGY FELTAS, BPBHES SR bR et o
reasons afGatreagirgPEE farged dnv tvidl i IS&IREL th On6GAathd Mlqwﬁﬁﬁgions,
or, %%chhionetry ratios. As has been explained, it is
and thergyvifh thednberwiReReRRs Plasa dewsity idisteibution, for exareplmby
TRy ' ' [ Lop PPL_W th
providin HOTISRA0NE SIS LI SHE B Rkt Al,
magnetr®r epotiadag is mmgdaﬂ@usuﬁédémbd'ﬂ@sémw@ya}q frt ﬁﬁé hppfoach
.are uyti.lized in netran uttering, in that here )
according i 14 S oF D& Ragete Ham BRATETsT 1t sl OF ciegpied with
DC, withoAQ)ivgith sBbasifpeaSACLETC ¥k SvERTEF ARG AR ! Ef?e sputtering
target sputter surfaces. As was expl aine in the
can be repgtive awagneston spuliterieg o melnyreatiiteomagyetnonnepgritering
sputtering, in particular for reasons of increasing
the target material utilization, to nove the tunnel

As explafrieel gh thegin®itgluction, the present invention had been worked out in
response to requirements arising from magnetron sputtering coating techniques and,
as was explained in conjunction with Fig. 1 - 3, expanded in principle to setting the

effect or result distribution of a plasma treatment along a substrate surface.

Fig. 4 depicts a vacuum treatment chamber according to the invention in the form of
a magnetron sputter coating chamber, in which the production method according to
the invention is carried out. A vacuum chamber 30 is evacuatable via a pumping .
means 32. On a target backplate 44 is disposed a target 33 comprised of material to
be sputtered. Behind the target backplate 44 a magnet sYstem 35 is located outside of

the vacuum chamber 30. This system comprises for example a rotationally movable
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and therewith the i nhonogeneous plasma density
di stribution, for exanple by providing noved magnet
_ configurations beneath the target. Consequently,
magnetron sputtering is nearly ideally suited for
magnet qBETiRE Péats| Iy daivien almutappersaadiaxiadcovithrgcomfighmtion of

i L S T C N N—
kidney-shapéd b tolrwigwer regerence hentilet {LFigN8. TRO PR HR880 i0fqhe

magnetrQn sputtering or nonreactive magnetr
magnet ?ﬁ&’t&‘%ﬁ??@ capopiignadiynleel drivenrand, s indieatedat R, Ha addition to

: ' i td. onse. to, . .
i ST U, MR BP0 LB B
As showhesthsimtiesllpnd H, g m@seopihai Iﬁﬁgnéﬂc&rﬁ’tf%ﬁ&ﬁ@ibho@ WidrBnounced

se

3, expanded in principlée to '
é@@‘i’%ﬁ

, Fig. 1 - _ , ing the
inhomoggn i kg f1eld gp wikhrespest o tharsubstestebnon the

substratedd2RQr agsubstrate surface. Fig. 4 depicts a vacuum
treatnment chanber according to the invention in the
formof a nmagnetron sputter coating chanber, in which

t. he .producti on thod according to the invention is
The rotaiGiiaIiaaVREN? R Ve AT RBCEVSH 9 95 ERsmtan] & 9imoter with
trol iMYAP37Gs SERANS By f i ' '
conent i spos ea Sa targe %%ﬁ%%ﬁ%?ic%g%ctgfﬁég%g‘?ﬁg#ﬁ %ﬁ 6%‘ € scanning
pulses I gfdetectordiniB8Riand setteblyatigetddapidlraites dAitadlyabe Qlutput side,

time-d I%y%teni 35 62 l.ocated outside of the vacuum chanber
ime-delaygd Rytises {71 trggeropmsrduonize theafan exampls; ainuseidal\signal E.
C i ' €,:36.,.dri yen abgut a .

onseqo BRI B, 1Y el Byt X SR ool inpu
38, at gemmgtiet 38, 4he dixsprsie oasly@‘ﬁiﬁdsbi?cl?dl|sy§r\lﬂltch)nﬁp§nﬁ@:ﬁtoﬂ B, istset.

and for exanple kidney-shaped in top view - reference
is made to Fig. 6. The magnets 40 of the nagnet

As depicRRNEi 2Tk ' N '
s depicfe@fied Un1ifid Ot RALARA ADAbY 3G 160daF Balilfhe BF o porking gas,
preferabljrargapnand optierallyovidithplsaneagheirdbip biovassies phetirdbly by means

adigl driving. As shown schematically at H by neans
of a gas Sy Heall arishiee, B Tt SRR BPrORGINGSS chamber for reactive
magnetrombPiRgenRalig. mgnetic field is noved with respect to
the substrate 45 on the substrate carrier 43.

If above the surface of the substrate 45 an at least approximately uniformly
distributed partial pressure of the reactive gas is established, by setting the
movement of the inhomogeneously density-distributed magnetron plasma and the
time management of the plasma discharge power E; along the substrate surface, the
distribution of the composition of the coating or the coating thickness distribution can

be set.

According to Fig. 5, while carrying out the method according to the invention, by
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The rotational novenent of the magnet configuration 35
generated by a notor with control input 375 is
scanned by nmeans of a detector configuration 37. The
' scanning pulses | of detector unit 37 are settably
means of ameeamiringdevice 1, fowexample by mecanst pluellipsdmetry, electrical

. time-del aye ul.ses 1(t) tri [, Or nchroni ze the, .
resistance cme%g}g eg?, }Eﬁoﬁﬂg @%%p)rgmgﬂgg?%e su . £ By JBRRS © oOptical
reflectior @hathBHEdetkQ Witld a s'iaﬁibndugi Rinkl19th ﬂdd\hn%,“é“‘éi‘lsﬁ{g 8lement the

~ " further control input 385 &t generator 38, the -
distributinre of ghotreatmemierasuiuis sicqaired @ity enthenanfacefof BEbsate 54.

el j.cyed at 42 .intog.the treat.ngnt anber .30
The meapiepél {581} Rbcdibpafe BTt e BT3P B Midcyt resun
distributégid VoptTiHen@rhparécn iheargrdeo@ast thy Bistarioney@y result

. preferably by neans of a %as spray head, a reactive
distributiayy dederminegddeic Seeasurement 1pF she sagnarbiime yhich has already

act. t 1:00. . i 4 .

taken pIASESE S pSTRIA SRBIAR Qg0 D iblenBRRTY Splgeple
Discrepamiidsdsativeendhatial Xt axnld Nomiwd] (97 edsttibutibntdre supplied via a

.react,i ﬁ‘e gas. s estébl i shed, by setti ng %gg m)visrrent
computigg Wik K; ahsiip8iieRAF pedehaigeemrior unitpe dorthmetasair

: I ' . b SERR

dischargg B a0 T AR S 2EPLmeh B v hERROBRA P
density diisstibution ipgnwoth téspecotptss sulmtrasé subface.odhstegd arf sulth an in-

) oating thickness djstribuyti Oﬂ can _be set. According .
situ regulgign 6Y the URAIRENE SHFSH HABB(NE (v RIARTDE Rt gt 11h 1§ Gntirely
possible %a?t%r's?\é@?i}eﬂoc%b sﬂééifiébl@”&?é&%r’r@ht {rHE @égk&lbfl% QeMLASIeP the

or exanple by neans of ellipsonetry, electrical
substrate éwing tthe dreatmasti chamber imhood Mensueingurrameher whilehmaintaining

: surf.ace by nmeans of optical . reflection.nethods t.C..
vacuum i8pt RSy Yo FRAARS Peshene drrye! VAT ER Higto 84S time or
its distriBLEBRMs drhehtefth8liait® wédi0f) tofmbhe the eabseae WakUinto ithe

acquired in situ on the surface of substrate 54. The

treatmergechagnlareand @ sontinge here ghpRreeess wish @pprepentedy adppted -
; e Cor . .
paremet T BoBRCE e ohERRR of R e bRt p o ity
distributiibrs andbiinei asmd ediechmrge pdwemBasur enent, for the
treatnment tinme which has already
In the following results will be introduced, such as were attained with production
methods carried out according to the present invention with magnetron sputter

coating by means of a unit such as is depicted in principle in Fig. 5.

Test set-up:

Treatment chamber: CLC 200 BB281100 x

Vacuum pump: Cryo CTI Cryogenics P]9744445
Magnetron magnet system: MB 300DK ALNO2 -

DC Power supply: Pinnacle (Advanced Energy).
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taken place, with a nomnal distribution which is
two- di nensi onal |y applicable. D screpancies between
Actual (X) and Nominal (W distribution are supplied
via a conputing unit R as setting signals 58, of a
generator unit 58 f#ipplemesited vaith didscurar g AWnsi/dY 345243E-
guide unit 60 for t venent of the inhonbgeneous
plasma density distribution PPL with respect to the
Coating thibknesstregpiratiose. SpedtadtlRpssrueteraVViABE NI2W00F, Version
regul ation of the treatnent effect during the -
devel opnent pr ocess33P8 is entirel y possible after
ecified or specifgaphe L nt tinme segnents to
Slﬂjs’tratetcs'?ansf er the subst?a?gﬁ?lﬁlﬁﬁe e treatnment chanber
Magnetrontsputteneasting fpmheutvanuwh tdrgetsbinnhidiogengcontaittitigNatmosphere
. onditions, to acquire here the treatnent result
with AIN chi'eved up to this tinme or its distribution as an
[ ' 1, . the substrate back into
Mean Va%ﬁSftH%‘eégta%%n?%gn‘ggsga%K% continue here the
Form of poweessoditdiicappr opsinaseidal adapt ed parameters with

r ect to the nove f the inhonbgeneous pl asnma
Power n@ﬁ@ﬁl@ntfﬁqq&ep%.u“ ﬁ&[ﬁﬁ% the pl asna di scharge power

Settable FRasd Ibckgg bPHROM AP et @éﬂﬁ%ﬁrdﬂdr{ - %tt%%gcfg ﬁg(g\?e?ﬁ%raﬂgc;h

_as were ai ned with production ut
accordingdodfigi agvitlo thévpoprezsent i nvention with magnetron

Sputter coating by nmeans of a unit such as is
mOdUIatlﬂ’gip?éﬁéd in principle in Fig. 5. Test set-up:

Settable HRR{lABGH ekb@Ra! of €.C 200 BB281100 x Vacuum punp:
Cryo CTI Cryogenics PJ9744445 Magnet ron nagnet

system MB 300DK ALNO2 DC Power supply: Pinnacle

0 i RS 4E06E o 8 BRI S e B8 688 B frtion

driven atSpeestamd rezhtionedwpredro WASE M 2000F, Version

Fig. 7 shows the areal distribution on the 6" substrate of the treatment result, namely
the reactive magnetron sputter coating with the AIN layer, al: reference example

without modulation of the discharge power Es.

With a modulation excursion of 5.6%, the plasma power Es was now modulated at

locked phase A¢gy = 0. Fig. 8 shows the result.

The coating thickness distribution according to Fig. 9 furthermore results at a

modulation excursion of the discharge power E; of 5.6% at a locked phase Aggs of 90

degrees.
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3.333 Substrates: 6" silicon wafers Magnetron sputter
coating fromalumnumtargets in nitrogen-containing
at nrosphere w th ALN Mean val ue of discharge power:
<E5> - 8 kW Form of power nodul ation: sinusoidal
Moreoverg werempthintining # atign eXcomsith ob&tG%nel phtather phase
. ' . [ tion,- tion
rotation {8 Afve iy R, AESEB e S EIP I ASERRing o ElEewas obtained.
hen f RAckQRi 1D aty Qigtribyti
Wren A ) S R GRS RGNS Bl
became ahehowgniet Fign 1¢ orfurtherawitn constauematulatiostexotirsion, lastly, the

r of.at i onal eed,co., Fig. hows t areal. . ) L
phase pohBh it PBARGRCH f Ades 455 Feitecer T elipeiutinmeepicted in Fig,
12 resultegsul t, nanely the reactive nmagnetron sputter coating

wth the ALN | ayer, al: reference exanple w thout
nodul ati on of the di scharge power E5. Wth a

.nodul atj qn .excursi Qn o . 6%, the pl as power E. was
To obtaifl e, et 4R inuish A entAGEBLAN (P (posiash rtes =195
degrees b.&‘%)rﬂﬁ?% kd Fig e, Rl Sulahba kexearsidh Sbdd A raised from 5.6%
according to Fig. 9 furthernore results at a
to 8.7%. nodul ati on excursi on of the di scharge power E5 of 5.6%

at a | ocked phase ACEB of 90 degrees. 16 Moreover,
when nai ntai ni ng a nodul ati on excursion of 5.6% and at

The sequéiicdeBefirspRaisie pHaeé djpitRmizh Ao EERWABOMIRE £85n ekB&rsion
di stribution accordi nwgl to Fig. 10 was obtai ned. Wen

optimizatigry sepwW Hig wayi ingwhich peeesding o theepesent #ERNtiOORY setting,
on the ofl€ Ha2 25 thd BEolrRLh) DY inhomogeneousljr density-distributed
plasma and the time variation of the plasma discharge supply signal, a desired areal
_effect-distribution, here distribution of the coating thickness, can be attained, for
example according to Flg 13 a desired azimuthal and radially maximally

homogeneous, i.e. uniform coating thickness distribution.

Fig. 14 shows schematically a main application of the present invention from a
slightly different viewpoint than the previous one. As has been stated, one of the
distributions obtained according to the invention of a treatment result is the

distribution of a coating thickness.

According to Fig. 14 on the surface T of a planar substrate a layer is deposited
according to the inventive method, with the surface S and the distribution of
thickness d along the surface T. If the system of coordinates x,/y, and z_is placed
onto the planar surface T of the substrate, at location x,/ Yo the z-axis has the

direction of the surface normal N, at said location. At the coating surface S now
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becanme as shown in Fig. 11. Further, w th constant
nodul ati on excursion, lastly, the phase position was
optim zed to L EB = 195 degrees. The distribution
depicted in Fig. 12 resulted. To obtain the

accordingj tst thebimvientionad dheisamet lockiign 4By(athecsmﬁa@rmmhalsu with

i ti. ACEB, 5195 .d d . th
respect (0fe iFPertor O R Sun GoRSRTATRE R Pnnitaly” Hltsfh somsspansting to
the systein B cobP@irs@bURN@RSsurfhdeSs a‘lf‘”l('ié&ti%ﬂaﬁm i E?ttni\g e tl’ﬁe coating

then with nodul ati on excursion opti ation
surface Wt}il HESHECE ko ﬂ@%@ubﬁtagua]d)y phengradshnté suefacé @nobwlso generally

ot a non B Mgt SRR S ch L eSS Bepfontion cae

of the pieséRt irdieh&ibhas 18§ ingheutrihasdoa tih Sﬁf@%pﬁﬁaﬁy RREYrdthg N8l prevailing
a desjred. areal effect dlstrlbutlon her e

conditiogs,sand ppeqificalr opHenaldrelong the swbrimate suafaced locally dlfferently

C n 0. Fi 13, a desir
The coadhi AL whRE EIRERLAoRSSACAL P el B ek T FEORS Y e
surface Tibiefzeron daahisgaserthekdiesdioi N Ebﬁ'ld:ldé%nwﬂﬁ Giredidors ROWs

schematically a nmain appllcatlon of the present
‘invention froma slightly different viewpoint than
t he previous one. As has been stated, one of the
di stributions obtained according to the i nvention of a
treatment result is the distribution of a coating
t hi ckness. According to Fig. 14 on the surface T of a
pl anar substrate a |l ayer is deposited according to
the inventive nmethod, with the surface' S and the
di stribution of thickness d along the surface T. If
the system of coordinates xT/y, and zT is placed onto
the planar surface T of the substrate, at |ocation
xo/yo the z-axis has the direction of the surface
normal NT at said |location. At the coating surface S
now 17 according to the invention at the sane | ocation
xo/yo the surface normal NS wth respect to the
direction of the surface normal N. is spatially
tilted, corresponding to
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the system of coordinates in the surface S at |ocation
xo/yo. This tilting of the coating surface S wth
respect to the substantially planar substrate surface
T, or also generally of a nonplanar surface T, is
referred to as coating tilt. A significant application
ase of the present invention is |laying out the

Patent Cgaéglsl' ng tilt spatially according to prevailing
conditions, and specifically opti-onally along the
substrate surface T locally differently. The coating
tilt for which the invention strives can therein at

teingregigns,.of the .surface T be zero. In this

Lo MEERH thdng TrodRan oF Koo svish ers utaceceaRdND, 3 pmcuum

treatmenPpi&dtiss, hal stlrface havih H A JeRifidd rdall GAMELLPINCHS the treatment
substrate with a surfacetreated by a vacuum

result, characierigsst ipthatess, the surface having a specified

. [, gli ' [ f e _.tq eat t. result, .
a 8 OB U5 LOBRRtndd Syl BACRRRY il GR0kEneous density
' distsibakionshed with a | ocal ly i nhonbgeneous density
distribution, the substrate is elgﬁosed to the effect

- thopubstraterpsipgrark busg eldesisof e iahomagsmeeuslyl demity-
disisehad gﬁasgq%giéghg%' bution of the treatnment result is
bl'1 she ’

esta y est ishing a specified relative
- therdisdribntionfoftthe tredtomngeenduss estebBsted Byystri bution
and of bi}hﬁ subst ra%.e, eft,abl i shing a specified tine
var CEEPHRUNE 3 ARedfied rrladivsoner emieps o) ithg inkeraogeneous
di seleastsp dasebotiod ardf oPha 8aBLktepr 0vi ded f ur t her

el ectric signal which, connects the substrate to bias
- vol eagbliskiegta apecified time ivatriationaridtheadldetrioveswet suplying

Met lained,in glaim1l, characterized in fhat
t hetpéj 8‘255 rcr%\lgr aes%% 4%%04; an Oé%’comﬁi" QY 1&?‘# ﬁughe; @tﬁfﬁn‘bﬁ’@nal
r egindiiclicoAnpete NReBGBStrSRNGI ks AR iagm

- setting said variation and said movement.

2. Method as claimed in claim 1, characterized in that the plasma discharge is

established with at least one region of a pronounced density maximum.

3. Method as claimed in one of claims 1 or 2, characterized in that the specifiéd
relative movement of the inhomogeneous density distribution and of the substrate is
at least also realized by moving the substrate with respect to a vacuum receptacle, in
which the discharge is established.

4. Method as claimed in one of claims 1 to 3, characterized in that the specified
relative movement is realized by a specified movement of the inhomogeneous density

distribution with respect to a vacuum receptacle in which the discharge is generated.
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3. Method as clainmed in one of clains 1 or 2,
characterized in that the specified relative novenent
of the inhonbgeneous density distribution and of the
substrate is at |east also realized by noving the
substrate with respect to a vacuumreceptacle, in

5. MEHAL o CRERG T oL BB Tl & e sciveriBanar fha nat

inhomogtheogpaendite distfiBlifibh i§ At '
t%FeCi fied rr}gverrént of the | nhomoggﬁn%%ggegéﬁég?%?ibfmeans of a
magneticgfi

eldk i bution with respect to a vacuumreceptacle in
whi ch the discharge is generated. 19 5. Method as
clainmed in one of clains 1 to 4, characterized in that

6. Metiod anbimgdriaalaindenehiactiraidd Buiflia®iht SnffndiRaftig
magnettc field.

. ... .also jointly generated by neans of a
distributign Mﬁ&ﬁé Jécalivaimihe Taseptagienits whiglathe désdhaege isesthblished.
the magnetic field distribution is noved locally in
the receptacle in which the discharge is established.
7. Methadkadoldimsd dhaimeedf ¢lairmnd wf 6,cdfairattedized if that the plasma
disch chaazct rized,in that the plasma dj scharaé. and/ or
ischargq gRdgpr Ehe, fiasing s geanrete by maerns of DBG AGCDDEnANd

superimposear AROSEg: “HF supply. 8. Method as clained in
P I:gdr?e of cl ai %%P?g 7, characterized in that the

substrate is placed at bias voltage by neans of DC,

. DC and superinposed, AC.or HF supply. 9. Method as )
8. MElod i, AR mEBS arE PESRnS 1% % chansiiatized in hat the shstrate is
laced atthias watidgBbyt iLahfRADE! ACEIICishP 1Wﬁ%~ t -
P process gndyi he specified relati veS ve m@éﬁ%&gﬁggssupply.

a specified novenent of the magnetron nmagnetic tunnel

| 9. M%%xt%lrc]ig%é’\%léﬁnfe& 3R %glte. of &agn%?rtgle%i cﬁ;@%%ét%%z%ﬁj rlIfl ?ﬁgf thleO\'/acuum

clainmed i n on
treatment pacess &3 b zrdgnétrdhaputtbe Fﬁ@@%b fan@dther $leRtAME rdIBMGERRE vement
s wel lfg%ﬁ the specified tine variation is each

. a
compriseg & SHACHIILIPETHNT Qfeiiequrgnetien mepgtetictumsv fishd vaitll respect
to a targé’c%ﬁj@{ér%ﬁrﬁ%g synchroni zed.

10.  Method as claimed in one of claims 1 to 8, characterized in that the specified .
relative movement as well as the specified time variation is each established to be

periodic and relative movement and variation are synchronized.

11.  Method as claimed in one of claims 1 to 10, characterized in that with the aid
of the discharge a solid substance is released into the treatment atmosphere, into
which said atmosphere a reactive gas is introduced and the distribution of.the
compound relationship between solid substance and components of the reactive gas

on the surface is set as the treatment result.
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11. Method as clained in one of clainms 1 to 10,
characterized in that with the aid of the discharge a
solid substance is released into the treatnment
at nosphere, into which said atnosphere a reactive gas
is introduced and the distribution of . the conpound
[ bet SQl i ubst n onents of
2. MRS aOTRIRA L OREY §Rbeta Rt B B thedtediiment result s o
coaﬁngcﬁﬂhﬂhﬁ&ﬁkeresult 20 12. Met hod as cl ai med |n claim1,
characterized in that the treatnment result is a :
coating of the surface. 13. Method as clained in claim

13. M]zthcﬁ{‘%é %o ﬁ{eﬁé OIclh tlh%%xa};{}‘f?}é egc?l }Wgt@?ﬁg!‘&}tggﬁtresult is the
etching Qfllhlerteehtmemmarﬁifcecl aims 1 to 13, characterized in

that before the end of the treatnent, an internediate
treatment result is measured and conpared wth a

14. MegHEdak cld"ﬁt%ﬂni%dd)ﬁé 8f b8k "Bl 1 e&{él %cotreﬁggd tnthﬁh@%e%re the

the specified relative novenen

end of theatrpatonent, b lnwd}adsaiedreastnaeﬁtunsﬁltd@ ndasub@d and compared
s.clained in claimil4,

with a ngRIPE B hed SRt bttt Sl Sheravioh thgpecified relative
movemeht 888 iBNthd (e VBRAAGSS i§ ?e%id& tgaas CF%.J?&%J{A% Af‘ comparison

vacuum i nterruption. 16. l\/b
result. 15 characterized in that the measurement takes pl ace

in situ during the substrate treatnent and the
measurenent result is applied to a control circuit as

15.  Mevasiisedatantrial digeh 1a) HaiheeMdie8inS@hs thd %Iéa%ﬁ?%rﬁkﬁﬁof the
e

nmovement. and/ or the tinme variation as
treatment H?tﬁé@teg‘%?ée vetulh kakesiplpce vithautnerauune suterruption.
regulation. 17. Method as clainmed in one of clainms 1
- to 16, characterized in that the substrate 1is kept
l6.  Methad andaimdd inngninhast cleatorpizedne thiat bhe 65d8GerhOnt takes

. t.he,vacu e cI e. 18. Use of the nethod as
place in S BRE WelBSBRA Heaimaent and the fefasiFRMBRb st srapyilied to
a control circuit as measured controlled variable which sets the specified relative
movement and/or the time variation as the correcting variable for a treatment result

regulation.

17. Method as claimed in one of claims 1 to 16, characterized in that the substrate

is kept stationary during the treatment and with respect to the vacuum receptacle.

18.  Use of the method as claimed in one of claims 1 to 17 for the production of
coated workpieces with specified distribution of the coating thickness along a

specified surface region of a carrier.
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coat ed workpi eces with specified distribution of the
coating thickness along a specified surface region of
a carrier. 21 19. Use of the nethod as clainmed in one
f c)ains to 18 for the production of conponents
19. Lgsﬁe?gﬁlenﬁle%?ﬁ A& claimied By one Ohslaimsslite 48 dondhe prodaion of
compor¥nt®bpefitie of ' YV BRisti ce Wavda £
PO eat hent r%ngrrgg?%vtamhftgh&ga@u E%rg &°E4 ar‘fegr(%zgw\)\éﬂrl(’fa?ulk
acoustiawplvash@®BAW)rce, which is forned by a nmagnetron
sputter source with a nmultipart target or in which
the substrate carrier is not novable, characterized in
20.  FhahadrdRapat o898l 'O HefrasP LOME SEG WhATCh
. .gene?a¥ es int ﬁgﬂltfblre gg@%ﬁt%ﬁ?ﬁ%@éf g%llrheri %%’ﬁggaesn%é’é%sma source,
which isnfigrmaed by 4 nedghedruh spiitér scureperihionalltipafoaReat&%in which
i.th a controllable driving confjguration, by means =
the subglyate,Artiéy Wen?%ﬂ‘&ﬁ(aagenégagwew 1 Hiatetntagaey cpafiguration is
rovidedDwettH peRdrat@nin’ e tréatnidit HR r rﬁﬁ}na i
p. pl asma gi schar.ged?ap IS provide coaﬁln%acte Bg%ﬁ%b‘?fs r%agneuc
field andgwhichl issapesatenaliiatonneased ivgidh at canrtrolkible ldrixdng configuration,

h | ai med i | i) ;
by sl SFL0ED AR R BT M Myt comrol
the chaibbef, thdf alither §YNLIAL WschaPé gﬁ?'dlg iﬁ}BYEiéé‘?f;%oﬁHecttéE to a

i nhomogeneously "di stributed fi'e n anber and
controllahle grayesater sontigufatipmati on  generates a periodic
out put signal and that generator configuration and
driving configuration are synchronized. 22. Plasmm
21.  Plasead meatmehtothenbas aslchiin®d inncleng 20f cBhRichd i 8 that the -
112131,1’ (fhar acterjzed in that the contr ol I'abl e dri vi ng
controllabls qriVing: GBIIgUeatinR gereiatay amiadjomaeyemnent ofithe

inhomog@ttitstP BidtRBAR ROl 1O A Mberand the generator configuration
generates a periodic output signal and that generator configuration and driving

configuration are synchronized.

22, Plasma treatment chamber as claimed in one of claims 20 or 21, characterized
in that the controllable driving configuration is the driving configuration of a

magnetron magnet configuration.
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