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

m
requi renents encountered during mgnetronmwmmmmm“mmm
coating of substrates. However, it was fo
solution resulting from the present inventi onsssan be
generally enpl oyed for substrate surfaces treated by
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scope of the present application by vacuumtrea
process and, correspondingly, by its effect on a
substrate, is understood a process a) in which wth.
pl asma enhancenent material is renoved fromthe
The pre&elnbs‘nwe'fttmxﬁ grifsm:fgonwe%i;érﬁéﬁisi Uxﬁ;o@l[ntéh%@l' %ﬁﬁﬁgibﬂﬁs?netron
sma_etchin in ich materi on the substrate
sputter QafiRgces TOHARES | BPWad f Wi or9d éhah trsnlaHRRresdlting from
the pres@fcioReativnidadBegsherall9 ey BRI, orafilhRLAX Eﬁffh?éé fated by
the substrate surface material, c) in which nma erial
vacuum jtreagpaent SJOGIHES-t he substrate surface, be this
reactively or non-reactively or by neans of

pl asma- enhanced CVD. |If therein naterial is rel eased
Definitichy om t he sol i d phase into the process atmosphere

. nd., af reaction th S, is deposited on the
Within €8¢ ﬁg?P%Pi%% EF'F%?E%F‘PQW’;‘}P HeRdy Vs iseaimant prosess and,
correspolNeh s B9 ee@IsH 8 dbasated B8 nind ¥ ease of
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material source at which the solid phase of only a
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are present Wt eren errals Tn-t
sulistisite Surface,elseasmactive drimorprantive plhsmadtekiey, 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
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Hovvever if the coating thickness distributions
resulting in said utting planes, in which. each is

In magnetron snfterscoaipd gubstrate %Mféwé it i todaynalaeasty pmemgle to attain
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good to vebg tg’o@tlearé hemipayed aiidrek feghsell8s L ?Rt% g%ﬁ&e to

ubstr e i phery, a distribution resu ts mhl
cutting E?lé‘ﬁﬁ @ﬁﬁ# ey e nensistased itwoedimenstionaliy a‘slasémh'rg thickness
nt al
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propose a et hod. pr oduc
with a surface treated by a vacuum treat ment process,

5, for gt A B 2y SR A b B0 0 e

is received|albhgnhé eubstrarCpEAbREry, ‘A ARE-{P t@&? Eésdl{bv%ﬁ%}? for many
ri ses: ,establishing & plasnma di scharge w a

apphca.tqogcngpmpqeﬁ%ﬁaagﬂydw fasteny. distribution, exposing
the substrate to the action of the inhormgeneous
: density-distributed plasma discharge, and
The presmt abVérstivm @as ras ith ﬁtrtdzhuémtfah afrth tbr}e:dpo@atar@{&hw%} E‘te
e

est cified | at'i vé novenent o
P mducnloxh%fnﬁég g %F‘P age §’Efia|f%gmnvaww@egmwmess, in

which the surface has a spec:.fled two-dimensional areal distribution of the freatment

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

- establishing a plasma discharge with a locally 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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- establishing a specified tithe variation of the

el ectric power, which supplies the discharge and/or
of an optionally provided further electric 2 i signal,
whi ch places the substrate at bias voltage, setting

sai d § at ' nt...For exanple in order
to at @{a!{a%rhgé\e@@ﬁeég\%gm%’tgﬁg&}&lﬁ ¥8F‘a3?'st ri bution

- of t betting sdd maraticesahd Said edveafiont 0 What ni ght be
expected., not as honpbgeneous a density- distributed

pl asma di scharge is targeted but rather a plasma
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- treatmentyesu s eePrisHYaiccwhad noighé berexgieates], vith rasUgimbBeneous a density-

‘e i £ j f. | at | t.of th .
istribultfPglashis ARhI & ielakiel Toilsuliies & Blrroih ifotion which is
locally inhoiratgeanous,hiee. taseaticdbbler idibnO6f plashite dbh g8 WRAkh are
e result o ghe substrate gurface is set., Both
mueaseSa(foéﬂE?"?:as 0 gtiey TRgiRtFe nthiovBhs thesRacHic selfingtofoine wlative
movem@ﬁﬂﬁet%@ﬁﬁhbmc%@ﬁegﬁg‘éienéﬁyidlgﬁﬂﬁﬁgﬁpé?&a}f@gbﬁférf\éag%ﬁxtéon, the

variables to be set of the function rea

areal digjribution @f Sy treripeenti legultiar SnsulERrate 264202 Gs byt. t he
same applicant as of the present invention discloses
the followng: Different materials are released into

Both patdmeiprgeaid nadvaraphesand fsadintime ﬂ‘&ﬂé]ﬁéﬁ,oéi‘res&ﬁskgﬁenﬂy employed
indersd f i guration Ta‘réget ;farts con{Jrl sed of different
as indegraden? pagamgrere 02 ATABIS0LR b6 o6 ofyhe fundtionpirestmendresult
distribufighe i Pgnaﬁgrg{e@@&gd into the process atnosphere. The
I l'i

i ndi vidual sSolid substance sources are therein
operated froma conmon magnhetron configuration. In.

tQ S i cul sputter.condjtiqnps, at the
EP 1250086 by feSBimd ARk & b ind Bitserh i etiian dbcisges ke
followingy Diferenvinatesihligire ebgied iaf topfdays ah'hegph&% £88 2
e magnetl field of the nagnetro

one_ hand, t :
magnetrg&ﬁgxggﬁ:aqqx&gqrg o%éd'gsk,gprtﬁ ﬁ@nmmdg@ﬁdgfgergat materials form
each a sBafdeSat WHIEGE HELPhIICUlAr hiat@liS0isTRYE e §LE m/eep{-é)cegsp Stmosphere.

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 configuration 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 characteristies 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
different sputter characteristics of the two. sources
one regiph of progeynced [easHy paximeeel y sinpl e manner from a
-magnetron configuration. In a preferred enbodi nent
' variant the plasma discharge is established with at
Establishingsthepeaifiaderplative meranentnisetalead in W fiFkicmabodiment thereby

i shi ecifi rel ati ve novenent is
that the SEEEI A8y VrER SEimestiia AR dB5eb PR 1% hehich the
dischargeub Stenaigteds Ty athoribBef®si i
ot r o i n b e di ?ﬁﬁﬁ‘%ﬁ%ﬁ%ﬁ@%%?é%ﬁm%ﬁé“mge

.. ., I€Ceptacle, X ) ) .
with its idﬁﬂﬁﬁiﬁg"@ﬂ’é‘a% P fansity,inises lasican st aeimtaitiest batigearily in
the receﬁ\ta?'cté bt §15q,e|5§h{d§,éaame[rl@mgnd density mnim | oci can be
mai ntai ned stationarily In the receptacle or also be

noved therein. However, in a preferred enbodi nment,

U frerabl I l,e maintaini the .
Howeveg,u{%?ﬁjg e rgefé)\% ﬁ‘c? ﬁ’aﬁ%e%‘,t/w%#%ﬁm@ﬁiR{qurEglyswi?@}efm@mtammg the
substrate etzatcnseilypeatashishing the tspetifeeflat V¥ AL reritPe Wskiilhea

t,of the |nhgaﬁggeneous density distribution

novene
through, 3 fH’FCIE%% FReyYemsnt f Bl egengauscdensitynd istrilutitne with

respect #f 8leevd &R HResliyeRt of the production method
‘ according to thHe invention the i nhonbgeneous density

distribution is generated at |least jointly through

' horn. b of magneti ¢ field.
In a furddf pFQRLHY Wb BRabnlBF IR Srafudih sie Bngotmeniding to the
inventionfthednhbmagesietns densiphlisiribution isPE@WrARM d0kast jointly through
realizing the retJ ative npvenent of The | nhormgenelous
the contf)‘g’a%‘f?ﬁ. 58@?’1%‘15)/0 }PABNBGHHA- t hereby that the equal ly

i nhonogeneous magnetic field distribution is noved in
.the receptacle in which, the discharge is established.
Accordimg éo pragspechillycprefepred erysodinatedhoyewithns siof p1eGa pability is

: L4, 00 AC or by 0 nsof.bl.(%tionall _
provided fof BEMBHRE thRERAY Ahanien) of B infruoger e ppiasma density
distribution thereby that the equally inhomogeneous magnetic field distribution is
moved in the receptacle in which the discharge is established.

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 neans of DC, AC, DC and superinposed AC or
H, and in this case, preferably additionally to the -
variation of the electric signal operating the plasm
di scharge, this bias signal is varied in tinme as
. cified., lf.in.the sent context a tine variation
In a high}y Brefereg %‘BPBPE‘@HF Bt Fasmethod asgandisges the snuemien the
vacuumOfreafifent! pitResy & fodtle@Ss altiblSnddl ' aid!

. g hia%téwlly preferred enbodi manté%f ?rﬁgpgnﬁeﬁyééggeggb%ﬁlﬁ‘ge
specifie Felatlve MpYATeY i3 B leash olnorreplicad rterdugit acpesifiesl movement of
the maghRER(nfitnel (EMNGL: [ REOCES e, A0 1 e

agfspeci fied relat Weﬁ%ﬁéﬁgtﬁ{)% tsallgé?t PRIBEST TR0 eal i zed
t hrough a specified novenent of the nmagnetron tunnel

- f.iel i;th. respect to a target sputter surface. It is
It is kg ey Nt RRG et B & Meratic Aeldras ganerated above the
sputter Blufhee bf tige t,adhabo e dt I - told Ti
T R M
patternsg Wé&lj ipidhlnes, aiesging pmnthe epatter swfacarendiexteridingiin a

) k . ) ' IR a nent e e
segment SELPEAURY PN AR B NIRS A boedyedLIRRE agin o e

sputter gutfaesudhroygieknowmgtfectsi namelyhelecapit frap efects2 G&ube-shaped
lectron trap effects, a

. f ts,. |
region qf |F8HIRed MRS deRleh s HaRErted CiRs AR B Ia Jren et the field

lines in geiniehahey exearkphtaleddoithe sParar earQhol Bl 1PS
1 i.N_Whi gEylt hey e?t end. par ZI Pel to f_heLsgﬁtt%%ﬂe%ﬁ?’# gggﬁcreased
Plasma dgnsify the egosian o the crraieusuriacesiseindrassedywiiieh, in conmection
with meRhfett s tté AR S LK iLg.J:ncreased ich, in
' n? connect ?lgLrl} ' Wﬁ‘%’hﬁﬁgéﬁéttﬁgrlﬁ @ 8‘5’% £ g?éilﬁxé BIPQAYER, ﬁ@"fﬂ’e’- to utilize
better irk paviicudan thotargebmearial, it Sridevwhaolhblve 2Be Ho8d 1R¥e bdttern
, he.tar material, it is$ known to nove
along “ﬁgﬂ% %Ir@qqeedggpﬁiﬁﬁ SBukg §orHBs RRRaELy by praeding moved
magnet ddhﬁggrdﬁtﬁnsﬁb@ﬁéa@h tB@ahigeg primarily by providing
nove magnet configurations beneath the target. Based
thereon it is evident that magnetron sputtering is

Based t}t?égb?ﬁ ;H Ikosy evideh Ph& ﬁtgg;n@troﬁ %?Jh%t%rg{gd?:g&hg?@?@r?\éi%g for a

he present nethod” S nce’means
course cfiagtioabacsordion; wothiengresant methogesinos sndirdsdre Kigesilfcady

. i ri bution w,th respect to.a
availabld f§ mobw}ing an mhomogéneous plasma 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

rcalized by the mechanical movement of a magnetic field-generating configuration

outside and/or inside the vacuum receptacle.

Such configurations are for example realized with electroﬁtagnets, 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 with respect to the
substrate is realized by tl-ie nechanical novenent of

configurativagnaider theahedoRRI! +digteCONEL : i de
5 and/ gr I nsi de tﬁge vacuum rece taﬁg{&%ﬁgﬁ g&&t‘%k gmd Y

movemeryps ingarky ARASVERanugialcdeparidenceal i zed wit h

el ectromagnets, coil configurations, such as .For

exanple Helmholtz coils, deflection coils, in
Howeverpirstead n§ awnetharsgalemoSennt ithel hed gt ﬁél@eéarg BRo be moved

. _tyarget igh,rotate or are noved . n given X and Y
electnca?}%v%ﬁgﬁﬁ\ﬂ'?oﬁﬁl ﬁ:é:gﬁv);xr £ \g}nrltvllpa.,g)? @Jaqedgsé pesieldedt goil configurations.
[t is entidelyepedsiblertpt@aibivle RefRaafl Sk eHE %%gﬁ%}%ﬁ?%%"&ﬁemm

field can al so be noved _electrically
and eleqiriftimevagiaple driving gf 6pils, wainhycamsdditiarmllycalsb be moved
mechanfan{i gurations. It is entirely possible to conbine
mechani cal novenent of nmagnetic field generators and
electric tine-variable driving of coils, which can

Pt |1y al.so be nmpyved . mechani cally. The novenent
The moffiphi 8 fhe PutEate Con ered TR he pepekt o8 sealisation, is
currently deds pRIfe08d. is currently less preferred. In a
further preferred enbodi nent of the nethod according

to the invention the specified relative novenent as

. | i: £ [ variation are each | )
i a orBH pOR e eaREEALLED o E AR AARA. LS 23 onpation
specifiecbselative shedembnbaglwelb yo ¢he epbcibl Aine Warshm s-b&ch
WECRTIRT ) d, that. in general it is not required to formthe
establist i b, Pviogle B e grsicisdte it peabiishes thusigh cal
synchror2atipal iledBoald bairthtéd FRa¥ Al ahdaN;t ; flideal athve
yn' rmvelmer)t can be quite gﬁﬁlg{r g%?é,rggﬁtd@sr}goetéi%ﬁgé%ﬁ% é’&?hthe
particulareatablighegnperipdicitig tosbaidernitinabgdhenpiriody of ofid e variation
: ; e r.Qds have a non;integer
e iR B AL Bl LSRR S0 Bt B st e ome
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 freatment 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 atnmosphere a
u>beaﬂ£ﬁ§§f've gas i s introduced. The di stribution of the
conpound rel ati onshi p between solid substance and
conmponents of the reactive gas on the surface is set

as ,the treat resul t for exanple a netal is
In an espeqially pye! ﬁ@anl@%%ttbﬂé@cmchhedmem thevinvention the

treatmerd! JRS1RNE raecd/!ﬂrfgr Bpg?xﬁeﬂﬁ-%c\é@ 9‘:?[‘3 Lae tﬁ ra{t%%%%g?stlgg can

t he stol chi onet oun mait e
therein aiﬁo ecthe gtthing ¢ tlmeﬂreaﬁmmteswmeboﬂx tda;etlhge@t ®eRing, reactive

. 6 to be attained. In an especially preferred
or non. rgﬁéﬁ@aé ment of the nethod according to the invention

the treatnment result is a coating of said surfaces.

However, tpewgeat ment result_can therein also be the
Inafwm Eﬁrﬁ{? eR@odimenheh the methed agserdingdoatherigvention an
mtermecﬁh?é‘h@ﬂﬂnéﬁﬁ,gés Cis ﬁEa rlf&ﬁ%%ﬁge end 6)? d‘f\% c{égn}eﬂ& compared

preferred e ment acc
with a nonvisal inberzedia tattmmmmueult eatiment fegtibh dethe companson
reatnent, conp

s, UG B LI SO st e compar e

Said, meﬁsm@mem takes PhacedRPRT iR Dref@eHbd witliRitSRRS: %E!tenupnon
ati ve _novenent and/or the tine variation Is

The Sub?"é%‘ifﬂ ey Hhpreingbe) tiamapartederomy @keyaptmnemtu thardtther, for
examplea"iﬁ*@fr{e H?é‘&%a.%éx?ﬂé‘ﬁn(‘! Bihfd & rrﬁé’ziléié mE %W%ﬂg‘e\fﬁt% further

substrate can t herei e transpor
preferred nsaidtmeasirementfis carmedont én fsrmrdﬂlﬁ'i@g theaubBhte treatment, thus

in the tf BRER B et o frCaleiRorint Rl pradered tameprement result

is SuPPHéldr adg Iﬁbﬁlﬁ‘ﬁ@&bhwlear%metto d E&[ﬁroll 81’&‘«9? J‘/ﬁﬁ.’@\t &[Efgﬁhe
Spe01f1echEegceSS at nosphere.. As is further preferre

ative ﬁ’ﬁﬂ‘t’emeeb ARd/pg “é’%ﬁ)ﬁﬁl’léﬁoaﬁ‘idhthMg variable for the

heameﬁ%gﬁglgegqlawﬂ_abl e to a control circuit, which sets
he spetified relative novenent and/ or time variation

as the correcting variable for. the
The proposed method is especially suitable for the production of componernts
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

treatnent ch er, accordi to the invention, in.

par t F@fﬁfﬁ?ﬁ?ﬁrﬁ &FF@FH@%@%W%&%O@@% totheristvendion utilized
acCofsh agrrirmg 66t tHY 8RS d @hon she iaf] ] l.aim 20, ..
preferred ryergoodi man?s t%o&%@ﬁ@% I’lfgél:&n@@g téﬁcﬁe Jovention, as
t he Mol atvforya fredameniali explanatiorb of exe baéserd iftyention,
exanple in conjunction with figures. Therein depict:

7 Fig. 1 schematically, a treatmerit chanber according
to t Agaimschematicallyi in tepl viéwra sabstyitagneviéd beSordin t the

production.method according to the inyention, as I
DL Of pFde B 35 S8 Binahasieonsiv Heitegisbuted plasma,

invention, Fig. 2 again schematically, in top view a
substrate noved according to the present invention
in. SXCTRMFOROVEBAT FouEss Petvetinsa substrett abdanm,

Fig. ; . .S e tween a substrate
and SO EREna A BRI BlrnaSvall f heraxample
as winhe amebyfdhambtetria pavwerestpslom®ihd BRisglectric

power supplying the plasma, Fig. 4 sinplified and in

| ongi tudi nal section a treatnent chanber according to

the enwphfie@mand f WhigshdiRgl é?cfti'aﬁga ﬁ%ﬁ%ghpghirﬁbtepfi{:ce(}rding to

invention is, realized by means of a nmagnetron spu
sour £’ TR0, dp (Yehgh; thgl methashacregdingtb the ditantioneis

t r eatd@Hedr 9 Yhdarfieyel apl Lng the substrate

treatment and met ofn%%a%%%ﬂfgggﬁs} ?%'&fleat ed method

according to the present invention, Fig. 6 in top view

t he nst el I on,of the magnetron magnet

conf ggbcrléﬁl%ﬁify and acquired irt 52 the treat%nent 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. 7o 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. '




such as was utilized in the unit according to Figure 4
for, the tests shown in the followng, Fig. 7 to 13:

achieved treatment result distributions in the form of
coating thickness distribution, at different settings

f th i ili d di .th
e ol B BRI i st ng fouthe L
well as b@drbd@ndritl dhaghlbad Mr%il?\gofdj&{égiﬂv%nﬁgﬁ will'K& riﬁ{:rﬁggcesd in

i The fundamental princi of the production ne
conjunctier 3¥igh Aigtb Ima vanewmireceptaclevieiwhiah, hbdepicted BeRématically,

b o] ot r.di . Ln iaon will be | ntroduced
s electriE ) RSB WP b o Y 33 ol b stitiody. to
another tefemniceipolantidbpi, ot pthsaehdmhin g3 5 ik robvREdd, iSaoim
h connect dvvi{h th selgction switch 3a to ground or,
schema tbcﬁﬁ?'o‘ﬁ'étﬁ 3 € troﬁlﬁg%éﬁl 28 glreRede Sbt ehing plasma discharge gap 5
is operat&cﬁél@@tr.fbaﬂ?hw SO Lrg‘én&ra%i A@hids 20 BWh DC, an AC, a
schematically with an el’ectrode 5a and an el ectrode ™

DC+ACHy arkE peagision Bdnampersteeds thatsthepdeattedes 5a, 5b are also
tmplem €A corBb0Hd e FRERE Py e bR dis fharie shiecled oo X tamitiar

to the pemsdarskilbed in thetrt he el ectrodes 5a, 5b are al so

i npl enented corresponding to the provided plasma
di scharge species as is famliar to the person

On the sthiet Haddl Bs bhRi@on N itRSHOLHRIe Q@ﬂ%fx%ggaéﬁf, ?ﬁei?%%tdllr?g on the

switch 3b shows schematically, dep
purposenfr hesapplication, s Eevartiton? cahdeemerartat electréeniBefloating, at

ground BORARR o ErFEHiel ol PeeBicsoreBhil & Richniich

understodd,i canuglde bet idedticglad @.so be identical to ~,.
Generator 7 has a nodulation input 7MOn, at which
basically the electric signal E5 supplying the gap 5

" t ed Le Wit hyr ect .1 0,.,DC val ue .
GeneratbElipds®a BRURLEE hPul s R EPEh s Pl signat
supplying the gap 5 can be modulated in time with respect to DC value and /or
phase and/or amplitude 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 pp_ 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.



The plasma discharge gap 5 is fornmed such that it
generates all ilthol nogeneously density-distributed
pl asma. A two-di nensi onal i nhonogeneous plasna density
distribution is depicted in Fig. 1 at PPS, for exanple

: i . ' oM T | asma_densj t .
L s BN B A R TR PSR SOS s i e
in the pkis_n‘rr? lc:rjoa_ﬁpei: tﬁiﬁgmeﬁcgﬁ&dtdﬁb&s %enA?ettB@,luﬂﬁ @aﬁ%ﬂ%%ﬁh a coil
) illed in the art is also quite famliar_ wth other
°°nf‘g“‘$?§a?&ﬁ‘é°§’ e?ovn&fro%og}t@- " Heraus ﬁ‘gﬂ Peehpnigahmayemsntyof the coil
configuraition Enhﬁﬁhe%xﬁ@itﬁﬂem' apmEbRESAn and diéé}ﬁﬁ'géfn\”ggg 3 & moved as is
eneous pla y

oper at e ﬁnd Lo move an i rtho.m)%. ensi
shown sehematically giithm gotor drivieolkin hig. fleafhdimovemet imposed by
; . 4 hiSe zﬁféé{“f ti,c fields. For.this )
drive 1%%&?5“ &fl% Eét)ﬁfég%f as rmﬁllgggg%igj’ Qg %cé)ﬁ‘éﬁldnl"’}‘ {Jasng;syi' gach in
the X angk Neﬁa‘eégqn Déﬂh?ﬂafwm %Wﬂﬂamt ’gﬁ‘l écopﬁ%f_f ﬂl@;ﬂﬁbémnvtention it is
v er._cantrol. rou e mechanj cal” novenen
essential gt with xespdt o TRsate Sritters 0z the frate 9 dhe) inhomogeneous
density disttibubiohl B dffth ' 536 ' -
ensity shown sche@rmat i g:alt%Irp)?iﬁ\ji—viht§ EQWF g?rb r?\?écﬁ{ggﬁﬁngiérab&ft’ which
takes plaepacaording to Figdsthrobgh thei aperaspoodinglyhepeeifidd movement of a

megnes AT BRI BRp B0 O 1P, 19

Wthin the scope of the present invention it is

esgential that with respect to substrate carriers or
Instead Pﬁzh% %%‘!t‘?léfleng% R 2ddREeR errfothe elgemisi supply signal E, of the

lasma disthargEhe™® PRl M st i d &8 90 o '
p. ? speci flélgég gm'verrent ,5%§§E’lr?%a eés}ﬁep%d;%g&g%g o‘%ﬁﬁﬁ‘@ cpgnected to
bias voliage. with themidroft heigral genpuonai A5 in prieciplé QgaliDKETIENTAC,

0 - L& field distributign in the plasm gap 5.
AC+DCor BT, (RIMFD soifirhatoally walh + Aoar erisnben svareh b this can
be carri@l eat with Segmcy t6ipgbahd Potehtitingr walies ' -93Rf

, i the substrate céaﬁri er I%r t he substra%%eg{ ﬁcg%qggﬁeg%fereme
potential 3nnected to bias voltage with the aid of a signal
generator 15, in principle again to DC, AC, AC+DC or
. . HP. As shown schematically with a further selection
If this bisaiplecerent ofitlye sulpstrate caarier @ds pudvidied the gpasiats:015

‘  al it h f
prefer ab?%%gérbgﬁ%gb?ﬂ& 3 mBhullttoh IERASHE, L CaPuni oL 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:

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

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

Ey: the substrate bias signal.
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potential 3. If this bias placenent of the substrate
carrier 9 is provided, the generator 15 preferably

al so conprises a nodul ation input 15Mou, at which the
bias signal, as was already explained with respect to
signal E5 for operating the plasma discharge gap- 5,

is nodul ated or varied in tinme, The foll ow ng

i ndi cat e: E5 the electric supply signal (current

voIt of the, p],.asma _discharge, 13(x(1),
1 Ey, B Gy i resRechiElinoie miviocis SIS the sethg trked pince

corresp ot SRy “9 Do Enga 3Bk o appft G601 B BARGhR! Mnplitudes,
are set the énm€§18YB1 W’@Q?) éevlsectrppezoid, poangid) sms; gﬂzcaa,l also tthe signal

akes place correspondingly at 7MOl), 13, or
period Oigﬁ%{&fg and, apart fromthe particular anplitudes,

are set the tine si gnal traces (pulse, trapezoid,

ian Sin et g also he signal period or
As was {HaEfdndoruddion Wil 5l i tho s ALz o o ghe 1

1nhomogéi‘1%o[1§|rﬂbéxﬁﬁ d@l\é?(yedr?glﬁuﬁ&? Pﬂ v espec?n&o &_}S F}l’ﬁe mme surface

density distribu
to be tregLﬂggcaraﬂ:&e;p}afcadgr displarenerdaireshovamdrikf thegslesBi density
nt_or verrent 0 | asma densit

|
N I T
entirely POYEBRY, optionaflyultiatishang ltchﬁ‘{ov'etalké thé Qﬁbﬁt?%xt}é sarrier or the

passi bl e, optlonally additional Iy, to nove
substrate §ijyithaiespecirtoi the rseeptacle bulisisrassensalvihial, weame]cdbvérolhe

treameﬁtrl%nreeﬁﬁﬁta%‘é&%lfl{; thia g§gg§§ QQ; 'gﬁﬁ av{t% (%Igc?&\/zeeerrﬂent that the

f reat nent acco

inhomogreiebabplasma desaity dmttﬁﬂﬁﬁdn pnered ovéﬁﬂfé‘ﬁ%%?&é%urface
ri_butiaon pPL swe over t

.pJ,as di s e
Sequmﬂghﬁstﬁ%ﬂ i’ﬁfﬂ% a?é%fc sEHUEMEREEN pf the cﬁ%@amg@woﬁage@d of the
dischargetuyét #d A5, o pERAdLH SEHAHI6iY YIRS 19'si thtap\eously carried
out on the substrate over time.

g

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 fllustration. 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 pp;. By means of drives 13, and 13, the substrate 19 with the substrate

11



di scharge current and/or, if provided, of the bias
voltage is sinultaneously carried out on the
substrate over tine. Wth respect to the novenent of

t he i nhonbgeneous plasma density distribution prr.
reference nust be nade

o te,
carrier 2 15 ﬁq%}elgg%cf 1?1ﬁ§tv<. Qﬂi gﬁ% é&g%{enepgs gimsi@y wagtsibotian g, which is
tati | | 2 |
sta ona:y,b in Agaciariben WithciM@rited %%%&lﬂlct et ﬁ ;38‘\5'%'{}%{{’;‘ 8? réhe

i sk-shaped substrate 19 is
Substrat% salfr;e@rlsﬁnvqn,twh\mewonnq@ sigred sl g hivebe in GRGAERE, NG t O
1 of Figurel is not shown in this illustration. At
t he plasnma di scharge gap, also not shown here, in the

For examplouimBigce mamaee'aopézaamae Hbs eha fiseRbond
d wi.th, as shomﬂﬁsl?r’](x,é’) as yell as of E;

or By are Bl RRET ThY RS ERan e B, démiewdgenbius Iohasthe same

periods Nendiileythedighsl BUbi @) HaPla rof VESs
the su traﬁtje 18 vvlthpf!)ih%an:{b}bs,traI g 1p%9‘$1Fe°‘F3’?ﬁs the

|.a
mutual PI%XS& gcgﬁ@g@ds sat, sk @s the plisseipdsitimy mgyob&‘/\fé%ﬂ%bi(zement in

i tationary i'n the chanb
the X dn‘ycﬁbh ﬁ& OV e an o gn thﬁgfc%mph@s)w ge the phase p@gmon
betweené.ﬁbmd doe exampleBx, A¢gy. | TRE patidds éﬁﬁeg% Bg t{‘nﬁéegﬁ&mls can-be

For exanple in

t he novenent .
d1sp1acc% vg%g ﬂ?/g% tpione angthey hy lﬁtﬁ[;mgn‘tn@(-mtyegetamtmﬁidl fagors. If

th nts B nd By

& ane g;gé’.%?me’%"% i Seﬁhgﬁha\% a1t Fé?%’rﬁ; sghiang thaysiganls nee
synchrorgreman ths somseE@f hq:shzm Aecltiag. TFurthdrmdre, ?&eBp%ﬁthﬁ%q 4
minima %191%%'133 thﬁ ti hase position is set GS

h ‘?“Uhm( QY RIS URBO8 Fantare lprefdmbly set, similarly,
as showrd fivt |3;rfoﬁm1d @&B Qn,
) &gﬁase pos? i_on %&n&&g&?@&ﬂé{ Se‘%gn agxra‘ ge Bijurt?ter

preferre ages pbihe particvdar signals, abshowsi ﬂnHigS XN thP®race of
B, at (a), #réRkpced With respect to one another by integer or

non-integer rational factors. If they are periodic,
t he phase shift L1 ,C), 4&E13 is preferably set and

[ l.s. ar nchronlz d in the sense of a phase
Through K8 SBAOB 1< lreriii in parviariar pdgnisapamdncernimd et mutua

coordinaﬁahmoﬁﬁngl tB'ﬂweKnQén El@ﬁ d@ﬁ%ﬁ%m@(ﬁgéédofuba%xte Strface the

. _preferab set, simlarl
areal dISIelbutIOI‘L o} 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
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as shown. in Fig. 3, for the y novenent conponent as
well as ES or E9. Further preferred the tinme traces
of the particular signals, as shown in Fig. 3 on the
trace of B. at (a), are set. Through the appropriate

| ar_of. s araneters and their
distribuekfy B th AehBoiRE FOAEA %EES?‘&‘F?@Y R et acpatingthidkaess or
stoichiombfrgrmatioseat ed substrate surface the areal

distribution of the working result is set. Follow ng
cour ses of action as depicted in conjunction with Fig.

: |
A s e P e ching o e setee 81 APREERE V& Bn b mpee an

inhomogsagope plasma genaidy Idistyibruson Dy Withpteapa®t- W@ﬁ@ﬁ?a’c@ surface to
be treatedl hem cal vapor deposition nethods (PECVD) with the
épicted course of action the areal profile of the
coatings deposited on the considered substrate
e can al so pe set If in reactive nethods, or

sur f,
Pron.oung(gé 6%@%@@%‘% afeps depsity istaibuitions tira utilizad: i mvmagnotron
teri , y rface,

sputer e ESUEE e e SARUE B oL e T o i
plasma deswitties mtg gerexhtetDalbbwd thdatﬁrgeﬁspﬁttéﬁﬁn@@d@as%§@vas explained
in the mgr%%.tt ?% Etegl fic vv| th respect to coating thick neg

S8 Hi @Yr §lgRaridh fHagpelcen spptiaringd in Plartn@.llar for
reasons of Ferétdsng ke omdtbBaPLEH

e B (B A BT e
and therp‘érggb je gt Rlasmar IWodIStIebmiumtf@d example by

idinkr Ity distributi

provi mgr%%gtﬁfl%g rr% klg\% @eﬂ% er | %ége\./ﬁ tf)ﬂg& qyently,
magnetrgn pytieking mrmrlysidqaﬁgf smgambfmcbémgledn ploged 1hel%e0<{ﬁaroach

sccoraing o by BB R S St e bt it
DC, with Q. 08itht suprimpbsdch ADCEbY Witk HITO R BrfBIOGH L Fputtering

sputtering, in particular for reasons of I'ncréas
can be TRATEVE AP gEtietian sprblering 01 panfesstive enagnarodeptiteniels.
field regions, and therewith the irthonbgeneous
pl asma denS|ty di stribution, for exanple by
As explained in the introduction, 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

13



provi di ng noved magnet configurations beneath the
target. Consequently, nagnetron sputtering is nearly
ideally suited for being enployed in the approach
according to the invention. The magnetron di scharge
Lherei operated. with DC wth AC, with
magnet ifie} ipﬁ%tgs%d GrBeg g Rl 285 A nwiioR eonfigeration of
permanenpuhigiatd @0 dispofel hSAG ME AR REHA QBsb kb & LN f8{ xample
Kid Bonr act | ve.,magnetfron sputtering. As Xﬁ| alned I'n ﬁe
1ANey-sPRAPES AR PP oA W hEeipraasais madeta Fig halhbenagneis KOS the

magnet #ifighita tibﬁ%%ﬁnéﬁtiéx‘?allf%ic{r%{‘ﬁﬁﬂ aLd sldNg, Lholp R, jp gddition to

) magnetron sputtering "coating techhiques and.”
their rotatignali meveinent ohjhenalsd clisplacdabie gbotit axi, AexiisrdedialNdriving,

e | R etting th f ect it -
As show dhErBriftally . bYmteits of bie Fraanesrongurasinn 0 a pronounced
inhomogeuebas enagdidic HeldeRimbsed WAk %ﬁlééc]{t QéttﬂEghbgﬂé{H’Eée PP fhe

according to the invention int ormo nagn
substrate,eannea43c oat i ng charmber, in which the production
nmet hod according to the invention is carried out. A
vacuum chanber 30 is evacuatable via a punping neans
The rotadpnalomayereanaif theakppnetecobdigirationBss geh @ata] E?ta dtor with
he

o] 3 bsed, of terial to .  be sputtered. Behind
control lﬁ ﬁﬂg é?s % as&%gpga éa%amgnﬁéyé ﬁ\etgetgg’gqr guratipn 34t ebhe scanning
Ises I 6fitiet nitt ’ : | i
Pl | 0 ST S BI TR P e i
time-del Pulsep| 1w drigger orisyachedioze the, foniexanplii Sndsoidhl Bignal E..
Conse ua | onfirgurati n.of Eerrmne_nt rmgmets 40 di sposed )
TUEDHVAERRIRRE © Tik i Fas SEFTted Wihebeksf dbt & farbee control input
38, at gelbm6Y 38 ERakRsibAR MHeWir | O F
at gelbH6Y 38 ies duﬂblbﬁlfbfvt‘lqu%"ﬁlnuécﬁf:lgf ﬁgﬁ?ll Sﬁrpﬁ%@ﬂ% 85?5 % set.
in

6. The magnets 40 of the nmagnet C
optionally be driven and, as indicated at R,

. : Lt Lo 1.0 wLheLT, ational, Jovenent co, be also |

As depichtfiat 4 enb Mt leht Bhablls KR & i e fy @ Werking gas,

preferablyhangons ehdnap ficradlly vai tHd sdwte gga@_ﬁﬁlel@f hé%@v@@??&i‘erabl by means
tion, .40 a prongrg)ace magne |cy

conf i gur , . nhgnbgeneou
of a gas FPRAYead A, RASHIYE 878 dpUERTFeH (D SiBracsss ctigmber Fomreactive

magnetrénBpltaE Qog@hgl er 43. The rotational novenment of the

maghet configuration 35 generated by a notor with
. 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 magmnetron 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 accoraing to the invention, by
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control input 37, is scanned by neans of a detector
configuration 37. The scanning pulses | of detector
unit 37 are settably time-delayed 'C at a unit 41; the
output side, tinme-delayed pulses I(Tr) trigger or
me g%nchroni.ze t he, {ﬁr exangl e, . sinusoi dal signal P.
ans of A JOERTHINRE JeVidetRle fPHEXaBDIe §y means pt elipsoridtey elédthical
resistancéYR8asuf¥enferit UpEdTEE RPN t 38- at ,gener at or. 38,
_ the excursi onﬁ_of the %fdﬁgigg%ﬂga‘f of Hﬁacsé’&p%‘ﬁ@ﬂﬁ ofopgical
rflction 8o ssBcuepitcataionas;, optiavaliys buowbgeBinsihg int e
dlsmbu-ar goﬁ gaﬁ a%g‘?’ Toha ltyb\ﬁcéih?‘heg(g'a%@ gashemsuatace nfsabstrate 54,

The meapusirsentbiesublyx feemspasdd i goagiffepbde figates @;ﬂ@é‘%{:&éﬁﬁed result
di‘;tribut?og'g i s\;ll ntroduced into the pr ocess chanber Tor
: Wi Jde CRIBRATIFOM 18 furiask oubaf theyinstantaneces rémlt
distributit, fderrainddey sl 45 L&ask: dppL oxi.matel y .
e incc Y ThOh e oP The trcafiths HRE PR a5 hrreaay
taken placeadritly @ peming distripitiohudiichys swotdingedshenallynaygliatle.

g . i nsi.t vi- dj, st i but ed magnetrton
Discrepaflics BetVagRTRATAT Rl ASORIMT G il Bionerrar simaiegevia o
computipgwerit R as sdting si%mls B85 bf at gerfwifoR it 58%0r the plasma
discl gl(%{dir/ bution, of t @éﬁn‘ﬁ)om tion of the coating gr e

ischarg g & Ahdeuay 8 URPYREaHh of ke imhomagenedalisnglasma
density diotriiv@io® p, Wit | ceor di t ,

, 4 the | nvent i 'on, f;é?f&%&a%%@%b%pﬁgggﬁgggg%B%R?Faeor}%ﬂcg an in-
situ reguiations of e trepymentiaffedf detingrherdaveloprabREPFO®@ES, it is entirely

. i . Tant file, f th
possible aft2; SpANHEA SIS reihery: T copmnRoicgavsieatibe.

substraterfrbin ghe treataent yhaobet okl & YnéhstPH"Eh WAl mainkaing
nt the distributjon of the tr g’l;t rraerﬁts‘&fgsml}(’tmﬂnmmmg

el e 3
_ vacuum 5%551%@, hasqyie hewe the teaimank resuls atiseved eibth thifhine or
e i I ' eddn a difference unjt
s st RS G IR L ENEE 18 Bt e T
treatment shpertiesgmd & comtiiveel howt thof prdvess natRALPIGOHEEIP SUhbted
t he

parametc%% Z\g{tf&gr%%fsfﬁégq%ﬁ%hnvﬂégngﬁ gg% gﬁjﬂgnqgg‘éhegfsr plasma density

distribution and the plasma discharge power E,,

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 PJ9744445
Magnetron magnet system: MB 300DK ALNO?2

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 e asma..di scharge and/or a
gui de unit 60 for t%éPi?gevnéﬁ%@ Bith 3 CHRHShYe ME ORI s315243E-
plasma density distfDAution p,,l, with respect to the
. trate syrface. Instead of such an in- situ
Coating ?‘5‘3%1‘8%% HeIgFaR tﬁ?&@%ﬂﬁﬁi@ﬁpgte\tenjwmgﬂtmezooon Version
devel opnment processzagy is entirely possible after '

specified or specifiable treatment tine segnents to
Substrategansfer the subst Basdidonowaférs treat ment chanber

MagnetrbAt PR G m‘?i& i pint ai ni ng  vacuum
. getrofl ot ons, ﬁ?ggg%I re erﬂg "%‘%@P&é’?ﬁ@ﬁ?&fi‘égﬁpmg atmosphere
with AlNchieved up to this tine or its distribution as an
knternediate result, to the substrate back into
Mean Vathf'\%c’%t %%F‘ﬁé?wﬁ’omm‘eéf»’a"gg\i‘t continue here the
Form of piode@smmodiildti@Rpr opkirdisdiyaladapt ed parameters with

respect to the novenent of the inhonbgeneous plasnma
Power ntﬂ@dﬁ?ﬂ?“ feeauancyut i om98ddzt he pl asma di scharge power

[,.Qw sults wil].l be introduced, such
Settable E@a%é }‘se&g‘{‘% gs}f r?%%n“\?mgﬁ&pcf’&g“&wéﬂ“ “nERRHEE TPaveMent cut
accordingdodfigi dgvith theggr@sent invention with magnetron

sputter coating by nmeans of a unit such as is
m""d“latﬁ&b?£ged in principle in Fig. 5. Test set-up:

Settable TRRIARBA SLARISH of@.C 200 BB281100 x Vacuum punp:
Cryo CTI Cryogenics BJ9744445 Magnet ron nagnet

system MB 300DK ALNO2 DC Power supply: Pinnacle

In Fig. 6 if REGRAE] in Wob o kst PHBRE IR of I ahioargonfiguration

driven aSpendtant rathtivpabgmdcel VWASE M 2000x, 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 E,.

With a modulation excursion of 5.6%, the plasma power E; was now modulated at
locked phase Ay = 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 Adgg of 90
degrees. |
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3.333 Substrates: 6" silicon wafers Magnetron sputter
coating fromalumnumtargets in nitrogen-containing
at nrosphere w th AN Mean val ue of discharge power:
-E5> - 8 kW Form of power nodul ation: sinusoi dal

r “modul ati.on frequency: 5.95 Hz Settabl e phase

Po
Moreovqro;gﬁ}eh‘g“@@%nﬁa?g%{ WHaHPR gxFatsion of 5k aeicoat further phase
i nmeat . regli [ ' : .
rotation R e P P oot B Pl cbtpinea
When furtheFiigereasirg; thepphasddifferenge nipgnto 270 degres, Swesdisisition
be the%rm netx.on gori:‘fi urati,&g drive?rﬁgi caonstant
came 35 showny Fignddy &H‘.ﬁl‘%ﬁr §iy congpat medulafign excursion, lastly, the
phase pd¥iSéh voal bphnaBed b6 Ay, SUBT dadR0f ThRG1LEAAIER Hepicted in Fig.
result, nanely the réactive gnetron sputter COAE ng
12 resultgdt h the AIN layer, al: reference exanple without
nodul ati on of the di scharge power E5. Wth a
nodul ati on excursion of 5.6% the plasm power ES was
To obtainaivendistritattinh atcortirgk esl Figh deaeoristan iOphdsedp oshiSRWS,, =195
the result 'Thl coating thickness distribution
degrees aOrgieg i Fif 12 56 7oK IRREP BreETig8 v es Rarther raised from 5.6%
to 8.7%. nodul ati on excursion of the discharge power. Es of
5.6% at a | ocked phase Aorn of 90 degrees. '16
Mor eover, when nai ntai ni ng a nodul-ati on excursion of

9 f r ti to #.8.= 1.80 .

The seqfbrR it i ELDSL RSt M LA gy o BRron
optimizatinrgishew thé\hary Fuwlier acdataes te thé Peedeh®$8vention by setting,

dlfferdenﬁe 0,,Oto 270 degrees, the distribution _
on the one hand, the mévement between inhomogeneously 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 Fig. 13 a desired azimuthal and radially maximally

homogencous, i.e. uniform coaling 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,/y, the z-axis has the

direction of the surface normal N, at said location. At the coating surface S now

17



became as shown in Fig. 11. Further, w th constant
nodul ati on excursion, lastly, the phase position-was
optim zed to dam = 195 degrees. The distribution.
depi cted in Fig. 12 resulted. To obtain the
di stribution according to Fig. 1.3 at constant phase
according Geuti\ﬁ dRveRfion ay toe sa @@glpé@somcxcbymhngsurfadeu mpridal2N, with

especs g b e, St 0 B0 FO g

the syst Letrh of cobtdinatesiinathiecsuréace s at tovatiopt x‘,vf‘yg. atrhen t:ltﬁt%kfyf e coating

surtace SN frebBelih BRCSHASRiRNE b S hshem Sbgeemanor Also generally
of a nonplammgeﬁae@ashy refeRsidt iy 44 éédtixbgib?td AR ﬁﬂﬁ:aﬁp QPEng?tlon case

tinme variatiqgn_ of the plasma disScharge upp y S
of the prgsefdnveRtign da layiag e th&l"é’tf\lniL gulilt spatinldy @ccordmg to prevailing

condmorgzit t%?:&'ﬂ?’é&f?&lﬁfo Hsn cﬂ%rg E\ﬁ‘t%&"’t?ée sﬁﬁ%gejr locally differently.
The coatingstittefor. Whlz:hmhtlﬁhah/eahdn rsudiv e tayn ﬁmmﬁ"ﬂhf Jeast in regions of the

surface TiBERAFR T ghe % 8 icheBiog e phaldusamip siseetion N,

application of the present i nvention froma sllghtly
di fferent viewpoint than the previous one. As has been
stated, one of the distributions obtained according
to the invention of a treatment result is the

di stribution of a coating thickness. According to Pig.
14 on the surface T of a planar substrate a layer is
deposited accordh-ig to the inventive nethod, with
the surface S and the distribution of thickness d
along the surface T. If the system of coordi nates
x2/y, and z., is placed. onto the planar surface T of
the substrate, at l|ocation xo/yu the z-axis has the
direction of the surface normal N2 at said | ocation.
At the coating surface S now 17 according to the

i nvention at the sanme |ocation xal/y,, the surface
norn-ia |l Ng with 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
x"ly,,. 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
case of the present invention is laying out the
Patent Cfaqa{d,g:ng tilt spatially according to prevailing
conditions, and specifically optionally along the
substrate surface T locally differently. The coating
tilt for which the invention strives can therein at
| east in regions of the surface T be zero. In this
1. MeasR tdedi pret baveh e itWi 4 Bufh FE Gl .
B P T oy e AuffpbE Bea L Bl vt
treatment preeesa: Braunface bavingore specified direyl distrifoution of the treatment

. ss, the surface having a specified
result, Chté‘?%%fgﬁglgétlﬁitggfi on of the treatnment result,

- a phamecdischargt isrestdtdishadpivithre lshasighiahderdgencous density
1.es£qat%lr ished wwth a | ocally inhonbgeneous cf’en5| ty
AFFEH By i on, the substrate is exposed to the effect

- thelubbRald ROARERREAHThY BRDB bE Yhe ﬁ%@%g?ﬁ%ﬁfﬂ Bty

discharge, the distribution of t esu
dighsibaied gHasmpydischaapei shing a specified rel ative

: €, | eneous. densi i stribution
i fh%‘#é&gﬁf*wg‘f ‘s’%gi‘i #’%}F@?ges SHit 1§tﬁ*§’§’ﬁ'§i"é8 fied time
- var iestaldishifig ahepeelftel ralatipe wesverrept ¥f {1k idH¥noseneous
di s%arge ?nd/.or , Of gﬁ &pﬁi onal |y provided furt h%r
el e HEYsFisHaputiGh oHWetuRStigt® substrate to bias
- . volt ; [ ' | 8k i i . .
ot Hoo ek b heTilel KRG Qo M (R el SR sabrlying
t he theaineharss eidl/ge ofsan eptiabhily pedvidachfiathéreelattrionggnal

€01 9RiR She A NGRS AR W IR THD

- 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 maximurm.

3. Method as claimed in one of claims 1 or 2, characterized in that the specified
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 receplacle 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 irthonbgeneous density distribution and of the
substrate is at |east also realized by noving the
substrate with respect to a vacuumreceptacle, in
whi ch the discharge is established. 4. Method as
' ' ) [ , ract erdized in that
5 MERRARE dahRntind bP LI L Sk FORBR AL R e
mhomoggpeou$ dedsity disteivtutioh ishe leastaring griadysgarpsictlyby means of a
ma eﬁ%?ﬁs%{]' bution with respect to a vacuumreceptacle in
& Féh the di scharge is generated. 39 5. Method as
clainmed in one of clains 1 to 4, characterized in that
t he _inhonogeneous_density distribution is at |east
Mfhod

6. poictImpdyhela it &y Bprartenisedin shantigneeigoetic deitl

istH : L LR, teri.zed i.n t .
distributiyn, MAORE AR e AR LR 36 51885 § ebliBlisnea
the receptacle in which the discharge is established.

7 t hod . lained. in. f clai | to 6,
7. MEghTlar SaiSd 1 00R of TaiBep) 2 fnChRGtarinegesu it she pasma

dischargliaasi/tg the 9REAKAL QdnbiathB MSihnPoer HE,
gsuperi gosed ACgor %1@? | F supply. n8. ngtéhé?;EQC neﬁ' med

superimpesesh&Copr FRPHEPY -t 0 7, characterized in that the
substrate is placed at bias voltage by neans of DC,
AC, DC and superinposed AC or I-1F supply. 9. Method
8. Mathad as miadmiad tmenefof elamss] ko 70 cRaraekaiaet B HeAdhk Bubsirate is

at t vacuum tre nt ..pLocess i s a nmagnetran
placed af §fts {806 Y tThana TR ACEFRY 833 spefiroporsy aont HF supply.
conprises a specified novenent of the nagnetron
magnetic tunnel field wth respect to a target
9. MsHipd ap claimesm one of aimsdl 48 7¢ Khavaeterizedoirethoft the vacuum

o =T S PO o) ) ' [ hat,the specified
retone sl s REAGASEL Ll MR b8R8 mmovement
comprisesaa ispetitindinsoventene of abé nsptbttan beagreeid @ingl &t with respect

relative vement and variation are synchroni zed.
to a ta.rgeg spuéter surrace. y

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 teactive 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 clains Ito 10,
characterized in that with the aid of the discharge a
solid substance is released into the treatnent

at nosphere, into which said atnosphere a reactive gas
is introduced and the distribution of the conpound
rel ati onshi p between solid substance and conponents of

L r b S t js,set,as the ]
12 MM R TRl E 1) e R pB s ateng oty s o
coating of lthe aurfacezed in that the treatnment result is a

coating of the surface. 13. Method as clainmed in claim
1, characterized in that the treatnent result is the

13, Metwd a9 cRimkiant d8ah 'T'?@I\a&‘&éﬁii‘e? intthatYRE q?éjatﬁganlt rxl'e:s.ult is the

. claimed in one of clains 3 to , Characterize
etching of the trrataient sHefacend of the treatment, an internmediate
treatment result is measured and conpared wth a
nom nal internediate treatment result, and therewith
14.  Methodsaeclafined inedrae b elaimsvierens, dnghcerizbé ihithBt before the

. . Lat] Ls.readl usted as a functiqn of the

end of fh};‘-‘?k%%%%ﬁﬁmr%_ﬁm@i@. SR Ul e andi earapared

with a nehfcheiietiatentreddheAtRsORAGHA ARBRIwRA thBQpecified relative
treat internedi ate result takes place w PRout

nt
movemeyangaes M mpYaoation ds readineiedaas 2 Ifanctioh of thé abmparison
resule, 15, characterized in that the neasurement takes place
in situ during the substrate treatnent and the
measurenent result is applied to a control circuit as

asur ed, cont.rol |.ed ri able which sets the specified
15, MEOR pg SlaTmsgenestoma i 6haToRteTizadein, Bt 4hF snesssicement of the

treatmen€ QiteeSletinge rashlabhlees Phcatwitheat $EA] i
regul ation. 17. Met holg. as clai ned ¥%ﬁ§%£grg?ng%] nms 1

to 16, characterized in that the substrate 1is kept
16. MR R0l mdHrl t ! oW th respect to
MR A Bt Tl ER TR gt SRR o raes
Place in giiatlueihg theonbstfate taatmeht hndhelmeaditenineddsil 8 aphlied to
& 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 preduction of

coated workpieces with specified distribution of the coating thickness along a
specified surface region of a carrier.
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T

coated work-pieces 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 of claims 1 to 18 for the production of

n the ba Is of acqustic surface

] t
19, USnbtie BeRoRes et K ORE S SR Bt yadt PRAl production of
componﬂté’%ﬁ@rﬁt!ﬁ%bﬂﬁﬁb BRATHeAc R b%r?é&sxtv[x%ﬁ (%%I & obulk

| asma source, which i1s for
acoustic mayiest (BAVWbutter source with a nultlpart target or in
which the substrate carrier is not novabl e,
characterized in that a magnet configuration. is

20. Plpsmw tedrvdritathagereraithsa subdtbatet daesibiastwahasgheslagma source,
netic field and which is

which is (BER R G ERANS SPLFCROH S DO F GRRURRet tnget Ay in which
the subsﬁ'ﬁfé‘ Eriedtib @bt mEVabIe %}&rﬁéte&“&b&hnttﬂ%t her%HQF%’kﬁrgi’gﬁLrl‘xtzon is

distributed field is noved under control
provided watgl generues inithe élieaﬁmpnhshanbres ahdnberymeniesus magnetic

. e ol | bI e ernat or
field and R OBRRARELRY cobuRete PR holnetn BRI AR capfigaration,
by meankofoihidn 24, uﬁhmaga:musgddmmﬁmd 312,231 1sqaab&aldraﬂrecomro1 in
the q?ﬁ;v Qﬁ%ﬁcﬁﬂfl gur%l on ._geperates a peri_ od| Cc novenent
e chanhes, thatfoxinse feBIRsPR BisShaTasE#R! 13 PEPYIded AU
conirolla® ok ﬁ@rag&ngdgﬂq%gmq@,ﬁfl guration generates a periodic
out put signal d that generator configuration and

driving configuration are synchronized. 22. Plasmm

1. PSR B BIATASoa s LALIEY B8 o] A2, Bt e

controllabbe tiriyingiconligsatidre gdf\emltéhga GRModIE by @Re ofithe
%net rog ma]g]net fcc?l i guration. 22
inhomogeneously distributed field in"the chamber and 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.



