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

[ nts enco ng magnetron sputter
Egggzggngf SubstrMMMHmmmmmMMWr, it was found that the
solution resulting frQet he present invention can be
generally enpl oyed for substrate surfaces.taeatfﬂ by

toent processes. Definition Wthin e
scope oMY P UH Pradrionaat b Abgtrcnsinitdar fn same
process and, correspondingly, by its effect on a
substrate, is understood a process a) in which with
pl asma enhancenent material is renpoved fron1t?¢
d ' ctive or non-reactive
T o0 26 Bor) e AR Bro oot Sig rrammetron

plrasma et chi ng, ma

spyiterf cpeding of spbisitdtes, Hasvever, it @ant fowadphas M- sNHans &bulting from

thefﬁl%g%%)éeﬁtjt{o%aéa%e : g L%&tllgf;(qa [O}efesi ?(if)%sel\;ﬁﬁ)’éxi;ﬁgea Esﬂiﬁf)fgqqg fg;reated by

e substrate surta _
vaquima ppdatmeentoptogedske substrate surface, be this
reactively or non-reactively or by neans of
pl asma- enhanced CVD. |If therein naterial is rel eased
Definitiort he solid phase into the process atnosphere and,

after reaction with gas, is deposited on the substrate
W@H{‘ftée &CORE fr e dussamideplicaliel devativom irsatenit ysboesh wnd,

; ' [ e.r ase qf said
o Ot Tt Al h U P B RASB 0 RcEss

mat eri al source at which the solid phase of only a |
single rdal .. resent. If t Qr .npre sources
aré%preggﬁ%ﬁﬁkt n%??%%?%ﬁ?hﬁﬁ?gF?gggﬂ?ﬁakﬁé€§WWF@ﬁmnlﬁm
phassirete surélceaseini niaoctivhier poAGESE VAl SIRSAR %&&m%,a‘?h

of the rel ease processes and, correspondingly the
coating processes of the, or with the, individua

matler i alis wisich enatstidese dh@§ul§sti«é@% tthéd BANBRHedPLOGESS
' e two and nore
by I!etag’t%llef plalsrrlgla:c’e%%gngedcggcondary 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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treat ment processes are carried out sinultaneously. In

magnetron sputter coated substrate surfaces it is

today al ready possible to attain good coati ng

thi ckness distribution, if viewng this distribution

takes place in cutting planes perpendicular to the

surface of the substrate. However, if the coating

thickness distributions resulting in said cutting.
Corﬁ?@gﬁgglf‘ fk%&?%ﬁ’i‘n&a%’iﬁ’c?sée%g s eg weh the dadivedwalrmpaterials is
corgizeded as @ CRUPAT B8a @A HrbRREER \f&ﬁf.'erLH?n d

cutting plane to cutti%b pl an { then, 1 th%%“gFéandInom

treafHiet gEpesasas\ase grrrats Pehsmutaaeorsiyoat i ng t hi ckness
di stribution over the surface,. the distribution is
found to be unsatisfactory. If, for exanple, on
In mgemetapn eputtetcaeited aliztrate skefstmpieds substaiakas gdisible to attain

.t hi, .1 received al ong.the substrate , ,
go‘lﬁﬁtﬁgﬂﬁ@%ﬁgiﬁ%‘ﬁ Ton 1 ‘&d?%ggbﬁléﬁlsbmonﬁah?s place in cutting
plaagpperpendanlgruophs earfase ofther QlbsHMS At At AF Yhe dfing

7/

.present  i.nvention has as jts fundanental aimto
thi S Al TP YT G LS B R S21 5 FNT P Ghen in aviab sashaiseassessed as
goot td‘lvéryi%tfcfda@@e t610phRA MYoRg YREMEM, LY eﬁtdge%&mpgﬁﬁﬁ§§3‘lane to
[

1.N the surface has a specified two-dinmension
cutgng plang stherpiftthen ast confidered dwredimensiandlly. asTheoating thickness
dis&HuHonodh drQHB duAREOTHL RS0, EDE ; Pq&,e L nyention

conprisesf establighing a g?%gﬁégguséﬂg}%%“ﬂf¥ﬁ%§““Y

| ocal |y i nhonbgeneous density distribution, exposing

rat t Cl | of. the inho eneous .
.If, fggﬁéléxt&ﬁ _ﬁ%iogt %L&%{-ecggtegl chlsc?rlgar dﬁilgltéﬁgﬁﬁ%ﬁ{] sxén% ates t%e layer thickness
is reestivdyl flohigrthe tshbstdatstperiphitiyon dfstriibeidrl eatERhike $aH fany

y. ..establishin ecified relative novenment of the
ﬂ%ﬁ%ﬁ%ﬁ% éﬁ@%ﬁ?lsg8ﬁ§$§§”%ﬁ%§%¥?ﬁﬁion and the substrate,
establishing a specified tine variation of the
relectric _power, which _ supplies the discharge and/ or
Theo?fegﬁ“to ".g%%ﬂl s B 6‘&%#&%@%&?% SIMPEIPPPEe 2 meaghed 407, the
prodiucttn pf ace®strhe wHhst figtRe Qiea@écﬁ%yvao{ric%%%m treatment process, in
which the surface has a specified two-dimensional areal distribution of the treatment

result. The solution fourid 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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setting said variation and said novenent. For exanple

in order to attain a specified honbgeneous area

di stribution of the treatnment results, contrary to

what m ght be expected, not as honpbgeneous a density-

di stributed plasma discharge is targeted but rather a

plasma distribution which is [locally inhonpbgeneous,

i . e. hasigndt Wheebplceegiconbsofatphabn wieagkty which

are ingre d .conpared to other regions. Through the

specifi%&ggggﬁgd’w%%Pﬁé‘ faifli PevVemBRement of the

i nhonbgeneous density distribution and the power
FOIvariati.on, the areal distribution of the treatnent

FEEIPE BrPTeRE [ AR atreclind hemageneeus amat fistribution of the

treaRAERIREEHS cofhe, FPWETRRig jg.time variation are =
]%aqonsequentfs_enﬁloyed g&°$ﬂg%%gg%%%’IBEfQ&%FB?@HEPusaCEHSU*
distyjgpiegplagme slisphargst is dargetesl buhcathena 'Hasesd Bentiba@sAkhich ic

locafll SERbRBL L, O [ reon. EP 1.254 970 by the

o e 0 S P ML S8Rl 6 Blern Sl b are
incregsed copipaged iy otidir fregivent Thadesh ahe spécEid &t8as ed thitQative

r s .atnmosphere .froma.  nagnetron sputter
oy TS R POE el diphveniaot thf prsesneriation, the
areairdisgribation botia tregetend el 68 tAE sWhkiedle G PALL i GuUl ar
material is released into the process atnosphere.” The

i ndi vi dual solid substance sources are therein

BotrOpsfageersf 608 hoCaRERhn 858 QnbL gyration. Lo
der to set the particular S6&??@%9§é%@#%%gﬂ%Kangﬁéﬂnpbyai

.0
as inqdepend g paATAMRISTH of ivRtiablento et set io&ltlse frantioh O t@atrhéhiSresult

disthyutidang.RhadhSiHagl g magnetron configuration, on.the
one hané?%the‘hagnégkc field of the magnetron

configuration is noved over the provided target

P&t A onse it . is also noved relative to the
EP 1s%é£)4sﬁoa}t9}e F}‘?ea%%‘? ¢ %%%%Clafnlt & tog Ht%ﬁ ETEEPHRVPEPT Hedlerasdhe

folloyring: tIPiéfermmg medteralsiaet telpmseenend thOPedcetNBrhYDhere from a

Qyr, { utter pover is a!so varied in tinme. It _
mag?xls tﬁgig\?\ﬁg ﬁon p%usrgifl%lll e%PEPeF MFS' GoPRPIAsesoRindiffepent materials form
eachod fbercent vapdt tier paltiRtRe tredtesihl &Sre®astdentbWRe ?ﬂ?&é@gsatmosphere.
Thehﬁhv?lﬁangﬁ%uc |onalky extrenely sinple manne roma

magnet o CoRt T YaPe 16HCes 3¢ dhptedn eppeded ootk emmon

maglmaﬂ‘rbtﬁl’d:gnﬁglﬁra@ﬂoﬂ.srm FHECRAEAGhE Da2SLAR LRSS Wnblids at the two

eas .
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

J



one region of pronounced density maxi num Establishing
the specified relative novenent is realized in a first
enbodi ment thereby that the substrate is noved with
respect to a vacuumreceptacle, in which the
disqhar?e i s generated. The i nhonbgeneously

Oneg e M I pirenquirived etbnpltmsnaxiditanharge with its density
maxi ma and density mnima | oci can be maintai ned
stationarily in the receptacle or also be noved

Establésténg thHopeifedd rdifitive plovka{en@ds edHpody '?E%Lﬁrst embodiment thereby

ﬂlf@%th%§ re preferably while maintaining the

a8 (S PPARETS {SaF OB RA M Iy reshechlsl p SBEwemt tesemtpelei fri witich the

distledr@eiiy QeREYRRE M hd Shrsh S L cified,.
movenent of the inhoané%%%ﬁéﬂggﬁ¥%$§9gg%?&?%%f?%ﬁn“‘dwChm%e

wity itth depgiypearinne anf elepgy uninime dptiacinebe hriaimtafriedt Nfonarily in

thePle8Sn R CIROGL FRAfeOfh kg Production met hod _
according to the 1nvention the inhonbgeneous density

distribution is generated at |least jointly through
trj Lon b ans, of magnetic fjeld,

Hop et AR PRI sBbetFar Yo Brahie P elbmehile maintaining the
sulshratewiatibnarily] syhelidapgbhé bperified rOAQVd B8 bt is established
thrrea_lglzmg..tae relative g@xgﬂent of the inhonpbgeneous

BI&N FeePEERSH ovement phthe iBRomesraesys: densityhdissthudionywith
respatasafenvaousmeeishile, fiel d distribution is noved in

the receptacle in which the discharge is established.

The plasma discharge is generated by neans of DC, AC,

In DEARE: SHAGHEIBRSEM:; Y b dthaa L. anal
. the subgtrate can%aﬁgggbgﬂggﬁn%gﬁgéﬁﬁé%%gadf%c%#%ﬂpla%he
nvgptiendee Byhormegeneots pensiCiisBibratnch supaterapdsedeCjdhtly through

theﬂ%“béggﬁ&ﬁb%q%%gge S%FFQ&S&gjgp'y additionally to the

variation o i°C " signal operating the plasm
di scharge, this bias signal is varied in tine as

neSpast] o Ll B D1 SO SR B TS
proyidegirfiiri tealisng the relation snovektidf SheDehiab g&itoud pidbnd density
dis?ﬂ%ﬂ%%\/%%e%bgfgé’}}%ﬂ ﬁengggélgeﬂ'ﬁ\o?r{ogteggo&e }ng%%egg (f:iglrdd !:Iir;grigu%ion 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
disc'narge, 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.



vacuum treatnent process is forned as a nmagnetron
sputter process, and the specified relative novenent
is at least also realized through a specified novenent
of the magnetron tunnel field with respect to a
target sputter surface. It is known that during
magnetron sputtering, a nmagnetic field is generated

In ahighdy pheferrsp wniterdisient aé éheofnatigy B@Jogginv ’E’g‘{h%rlnfzérﬁho% the

nor e .tunnel - shaped field ife pattern
VaCLB{TﬂEF?%?ed‘lerH%%SS S ETReLAT 7 éﬁ%&r}?éf@piantﬂ’r mcésacmdaﬁda
spea&béndlmelmoaemmg%m SURsh ' Lald el Lo the
et surface subsequeehtly eﬁtgé%?égg%}rﬁaiﬁnlt PRefiiied mOvement of

thegﬁ cSoTsnRgL BelaTwithughPIch bwm tefdet cpsitenanThye.
el ectron trap effects, a tube-shaped region of
i ncreased pl asma denS| ty is generated concentrated in

It ig yeownehatoftutihg nidgrietronl spugering, ‘ﬂ'flihﬁéi?]étﬁeﬂelﬁxi& %@Herated above the
n this regql On of

S er r.face.
spullt BEle L ASRT otk §EIRBTE: 656 g pre herepeianse field line
patenns agth ﬁsldl lnters@aﬁ@@md/\hbﬁhthel $huRRRECHLO ﬁndvgxtte!hdmo in a
Segmegget r9 trering, | eads to the known erosion

3‘%‘% r pERLEbio e treget spEpeesubseqpantly entearaghireinto the

SPu'ttaf @effafmt Bdclgh Rrdow$ eBAWMARe] €
ern al on% “the sp utet er surf%g‘y%ﬁé}ﬁgak éfPeC%suf‘?S}Pe -shaped

reg 8&? Lﬁ{jreBFqcerﬁ SR cg)e}\sgydg bgmgr@tqﬁ)chctennagmbm the area o_f the field
line§ @A figidh %héﬁ@ﬂeﬁggﬁ?éﬁblw%é gétgt%r SUT Sed&é gssroergiolnt 0 %creased

evi dent thdt magnetron sputt
plasgy? dgBFiEy thysr empsionoufr e aputwmunfaca(m oicdear@df Whid}e in connection

ﬂQﬁﬁ@cq@hi S| s, are here al ready

avaiabl e r%ﬁ%l\‘i’( %Ca%ggelqﬁ%)o(ﬂﬁ‘ggn%Bﬂan?@Qﬁﬁs dEngidey to utilize
bettgr én- plattu,ctulazrnth‘m thi'gelt asfrensl, itas kaoSkPES 1Rfve-the field line pattern
alofPhse s¥1 n ba3|t§\zglsl ﬁ Er eferred, the relative

ovel t fh BELE1 e SPRHBHEREMEoREMEH  ibyproviding moved
maghe:tconhgﬁramn@fbeh&&hﬁha&aﬁiﬁrew th respect to the

substrate is realized by “the mechani cal novenent of a
magnetic field-generating configuration outside

Based) dh@reoh nsisderiddie tMACHHAEH E186:E Q}t)ﬁ“ﬁél%w Rueh;in ntly suitable fbr a
configurations are for exanpl e real ized W th

CouggEy JHEREiing & theBrfsPRfumatiiosnsince snedmsaareftere already

BXSIeTbE nidR t b f
aVamag Egt rons uv’{&]tg}r\} lﬁn%%%gfé%egglg |a é%?{aﬁ ?cg)?]gsi%}uﬁi ’mfjltnﬁ%n Piftyesspect to-a

subgiten rotate or are moved in given X and Y

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 . . . , T . ) . . .
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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novenents, linearly and with nutual dependence.
However, instead of a nmechani cal novenent the magnetic
field can al so be noved electrically by controlled
time-variable driving of fixedly installed coi
configurations. It is entirely possible to conbine
corfRahanbealn ARVEER Aty 0w HIBIY Rtk & of hed Hm%ﬁ V\E '\z&?x A0y

electric tinme-variaple driving of co
H“%ﬁﬂ??ﬁb%&FW&Sépgd”B%nWﬁVéb eﬁ@@ﬁﬁﬁﬁcally The novenent

of the substrate, considered under the aspect of

realization, is currently less preferred. In a
Hor»«mvghenstpméfoé ﬁrredd@mlmél M et Mmmgiehmchad&@ﬁ(ﬁlﬂgbe moved

e the cified re tiye. novenent_as
ctel et 1F oY PREREHE G g FRE TiPRard dhreal S bialfed con &onsgurations.
It 1est1’ab3|1} Sfimesibleotoh@n}iiﬁhe etkhchaning] h’ﬂﬁ»lehléilﬁﬁﬁﬁﬁﬁﬁ{é%c'@eld generators
{ hed t ht ynchroni zation. |t shoul d be

and BleB HE Ve 4ine & G b rtequ AeinaBal sk he moved
nmm@ﬁhuggLar established periodicities to be identical.

The periods of said tinme variation and said relative

novenent can be quite different, and specifically such

Thi Redveh8it U qhe Q@Eét&q T Sndlek %%ar* m 5 ClB q rega(i)lgatlon is

ot her or such that t e periods ve a n

currentd ie(§ﬁ$>h¢fprrwit h respect to one another. I n a further
preferred enbodi nent of the method according to the
invention with the aid of the discharge a solid

In SLﬁthampeefelsecﬁ eirdasietenindotheh etiRPAdBRL ingtBRER i@ éhtion the

rt into sai d atnosphere a r actlve gas i's
spictad Sliatn xRany & PRIMLoRE sPerfied tmnsgangon are cach

esta}ﬁlsabd ctnstm pizarhﬁh&\@ﬁ& tREik IddpshBSt @Ng RsARHsKQMABERES of
C?g reactiv on the surface is set as the
SYRPER AR ¢ Otﬂd Pg nofest thek dmmeaern] Aetsalotitequised 4s éarm the

paBiuldiestolikcled phsbanaRsithtR HBRtLAE \_r];oc@t SOSPHELfe variation
an%%%ﬂ.the reactive gas, the distributio

diRlasivs RO veIneRhean o Apbesdtfaensraral spisifosily sdcbrthat the one
pefift® iSM ideSer SudBlle I thd SRS R t}\thhterfeaf EYave a non-integer

result 6 .To be attained.
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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I n-an especially preferred enbodi nent of the nethod
according to the invention the treatnent result is a
coating of said surfaces. However, the treatnent
result can therein also be the etching of the
tol&!%ﬁtng t surface, both, coating or etching, reactive
or o<t eactive. In a further preferred enbodi nent of
the nethod according to the invention an internediate
treatnent result is neasured before the end of the
In a1y esheqisdly, Prebarprst embodineentaofribw mathoidndceordidg ab @he invention the
- : cti.on of the conparison
I e S Uk R R h e
thereimralopare tte enhing ofehdjientradnt SaifscaTBaayBABAE of 2k@Sng, reactive
or P88 LD further preference without vacuum °
iﬁ}errup?ion. " The substrate can therein be
transported fromone vacuuminto the other, for
exanpl e fromthe treatnment atnosphere into a measuring
In ‘”’aﬁﬁg%i HEeterTest empgrimgnt of fhemagthed, acsardinggadhe emention an
intdrfncG@dtt itR9 noeht | I ' treat nent
e e LR it i eSyalapbiofe TR 8 By LBRMEY compared
With g pefeing) ikfesmedinte figatmerdseseliand, res fhihctidrsob thepddreparison
i - r. iable.tq. a control . ,
e TP ek o ot e yafet MM gt ufe ERORA R e
Saidmeasurament taked placen &srthévepreberacd mathovavhabhe hedrruption.

f t_result regulation. The proposed nethod
T e Bl B B Rl e prceerian TgR the Other, or
exaggipbroenttse hepanaitt aithoaphémeanbasifehur#GosldspheMd! bACR rther
or, on the basis of "bul k acoustic  waves". A

pre “\ée 2y, MEPHFRTDR inEReFied QLBrinisHy dwinththe substretomeatment, thus
in tha tt@f&bﬁﬂbﬂfceﬁ@éﬁﬂ&'ph}éfé) AW furttll?@r_ ;?{egegi‘l{tf, itR{;I n{g:gsggeqnent result

- accqéfing to the invention, is speci In claim

's SBPRYY fed MERbEET fenreliehareatleith crartm RTulindhich sdtn the

spetiffied freldtow mevément H¥eNr ihe WakiariBg a%xtﬁkI abAEDY
le in conjunction with figures. Therein dep

exa
“aﬁ?ﬁgPF&%%%%%%ﬁ¥%51Iy, a treatment chanmber according to
the invention utilized for carrying out the
production nmethod according to the invention, as
The proposed method is especially suitable for the production of components

?18?}?18 for the

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:

~



wel | as for a fundanental explanation of the present
invention, Fig. 2 again schematically, in top view a
substrate noved according to the present invention in

an i nhonogeneously density-distributed plasma, Fig. 3
exenpl ary novenment course between a substrate and an

i nhonbgeneous density distribution of a plasma as wel |

as by exanple a tinme trace of the electric power

Figuppl yin gCheneatmaHsna treEimgentdcheinnipdri dcceriiag do ithe invention utilized

| ongi t ud i treatment c cordi

t he |nveﬁ?ﬁ%ﬁagg &% %PFh‘“WEPHSSBEEg6¥BF ﬁ%ﬂﬁiggé“@nhon as
i nvent i owdllsas foeal haedntintaleapiarohion GRGRES et SRR,
source, Fig. 5 schematically and acquired in situ the

treatnment result developing during the substrate
Fig reat menbg#intcRBinA B B RAISHNRMw %SSLQDSEI%QPEJ{T@VQQ acPBigied Lo fo the
according to the present invention, Fig. In top viéew
t he consF%ﬁﬁﬁfPﬁwnﬁpnﬂﬁ@ﬂmﬁéﬁgﬂﬁﬁneﬂ@@n@Enﬂﬁ“d$hmu&ﬁIﬂamna
configuration such as was utilized in the unit
‘according to Figure 4 for the tests shown in the
Fig.ol | owi ngxerRplury 'mW)enl&t @uhicchath deneasuimntate asdlah
di stribu n n orn1 ating_.thickness
di stri bu%nh fRog Ptnegluf’ fd SN ?@?Vﬂ%%%éfa RlAEma @ welhas by example a
paranetensnmhhtezéduaaeﬁﬁt¢dw$ﬂsmg@mangﬁM€@ﬂa§ﬂ& Fig.
14 schematic representation of the coating tilt
attai ned according to the invention. 8 The
Figundamensahppfiéeh@lif 16hgihiBndr RAHEH 100 B Fhamber according to
accordin to t he |nvent|on as well as the treatnent
chanber AteBIERHE™M B vhch heaneihod adeprdibe torthe dulereidn is
in  conj wanide@byenEola rlagrdirdh YARWHML eGPt acl e 1,
whi ch, as deplcted sghengtlﬁg} 'S eIe%’rlcaIIy
connected wWith the selection SMAtCh 3ato ground or,

Fl%pi | onal loher i 2B 5ciu§rfe8rzﬁr§gt | dﬁgtt?&%ﬁ\ bt Gesuft developing

| asma di scharge gap
during the substrate treatment and method management as a regulated

method according to the present invention,

Fig. 6 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
distribution, at different settings of the setting parameters utilized
according to the invention,

Fig. 14 schematic representation of the coating tilt attained according to the

mvention.



schematically wth an el ectrode 5a and an el ectrode
5b. The plasma discharge gap 5 is operated
el ectrically by neans of a generator 7, which can be a
DC, an AC, a DC+AC or an HF generator. It is
. understood, that the electrodes 5a, 5b are al so
The; iypdamenta prinsinle s1f dhelipnod waidrhmepital hdrddplga®Mie invention as

i ' is famliar . to the person _

welf p® IOLERTRRE EhERb R s B B ibfeon Pl Roheenen in
congwictioh v3ith §ippvls Isichenatiraakiahtadenendiifg ééndécﬂ]@ced schematically
. ﬂy%ﬁ9§g of the gggglcatHon, Fhe_ enerator 7 can b?, /
15 CEGHHACT STBFLTT MIER T SHlechion; sygitcapa tezanmad pot emidrally, to

GHerGoftneedegshtbRiANQL H et | ,
anOwheirch, it ﬁ?tundeﬁgt o?éﬁsﬁﬁfsgﬁg%e%%i gtégn?%%‘gflg%’oasqsm“n
schesaplcallyowith anagleerodaing anid em ¢lapoede MODThatplwdrhe kiischarge gap 5
; [ el ' | .. ~supplying the gap 5
s op Bk LlekrlcR Ry Bk b h B Rrabor 7 SRR AR ATy R Ac, «
DCaAf/ or an pHageneaaitodt anphddrstdedatttd ahe ldreroteass- 56T also

: di_ schar is far such that it
i P T pal R ST e e gUiteroras Hrcias as is familiar
to th¢ asmen skiltasbmdtheedisi onal i nhonobgeneous pl asma density
distribution is depicted in Fig. | at PPL, for exanple
wWth a density maxinum M The plasna density
On @hé bitied tah@NaPPlbcleaio SwieN 88 i iLhe ing
movenent with respect to a%gJ%%?&H?%égﬁﬁ%%?hgﬁaﬁngu*°onthe
PurpafsohtheiqRRlisation thaeeartatos? ghs beqonnectbd rdlédtacaliyi fiduting, at

or reasing th | a L

B0 TR o Coar s R SRR i i 6 PR et

undegstopér @nealente identirak ta@m,. i nhonogeneous pl asma density
distribution, Fig. 9 1 shows the feasibility of
realizing this by neans of magnetic fields. For this

GerpuatpoJehasi anmiokelatoasimmput 0Gal, lay vehifR®ABIchGy e El@ctﬁé%ié‘r?al E;

nerated, for exanple with a coil configuration
SUPRERR Ui aap DccﬁﬁsqeoWOd?HtB‘ajg‘h“f‘#‘eWﬁ%Wéﬁ?@ép A waltenand /or

phaof ahligo€ @inbline RN @MiAki@dect he magnetic field
distribution in the discharge gap 5 is noved as is

shown schenatically with a notor drive 13 in Fig. 1.
The Fh18srAR\BE@ALed PROSEE th¥ned 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 pj, 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.



drive 13 onto the coil configuration L is specified at
control inputs 1357, 135y, each in the X and Y
direction of the drive 13. Wthin the scope of the
present invention it is essential that with respect
to substrate carriers or the substrate 9 the

 spemaaengs (9505 3L RUMAED Bl HIRE AR o
in the plasdiankpctldy Eirgavr:lettcrfneddl gitHit he geoemesp dodexeghyle with a coil

eci.fied no net| field distribution
conﬁguﬁwneo npﬁngsﬁ% “glgﬁf gontfﬂst t?‘ﬁé“%@&llc& v emintjqf the coil
conﬁgdtettio@lnL ttiee ntfenkbhie flelcEdIsEﬂﬂﬁutSd;kpm YheS HBORArgE%0f 5 ishﬁoved as is
@@bgr?\? di sgﬁarg gap 5 the substrate carrier of the
sho gagic 8 RORRGEVEE B Pl &s M8l mayemgnt impesed by
d @ 5 BhtcAHRl @NAlor@@Re oL id 3pedifle®h
"DC AC  ACHDC or HE AS Showh. fledlt R &c‘:tg{)fm?’g@ Fosy A3y each in

the fXJ%ﬁ@Ch & dgéﬁ@é‘t plothesditec b3 3Withini hesaope be tkmaprasadf owention it is
ess%Mt%arﬂ t}rtéats&g é%cgg Hﬁ\?stﬁ% g{ktrgg% lo? t}ﬁ;] s&@%{a%g’ B ; éxtéd?%H{)geneous

rther potenti a 1ras’p
denefty tdmrlbubsh rmat ef t}wrmaama Qs iisippsey bﬂ&dspdctfﬁecgﬁfd)@éﬁieﬁf, which

kB LR . RIS P U movemcn o

ma@(eﬂicaﬂlélﬁCH1Wrﬂ3|iht1bﬁS.ﬁQﬁé pl&ntd gARls. E; for operating the
plasna di scharge gap 5, is nndulated or varied in
time. The following indicate: E5: the electric supply

Insteh @R lthé %Jﬁﬁ‘ﬁoﬁr&/ 19%(1‘5?1‘!1&@9@)0@ e &Rl 8SP Ry siU%al E; of the

di scharge, B(x(t novene
plaﬁngtqu@@rgeoaarp t wsuhstraés pemertcv t&\h@Ubatbsﬁer%taa] be iconnected to

bla%ibg%%’/é_ a’&%\dﬁrwfeoa'é@joggnsgé&aggi %rdtor 13 1}1hner1ﬁc’ lil ’Séta;,r%t e b%s,' AC,

Fespecti Vel
ACpB odi[-E shg lshbsm dchemadtdllyngithak ésrtidragdection switch 3c, this can
or r onding at 7MD and,

be FHEE R0 ot MR B G 8 ap s ¥ PP reference

potsmtgaiail traces (pul se trapezoid, triangle, sine, etc),
al so the signal

If this bias placement of the substrate carrier 9 is provided, the generator 15
preferably also comprises a modulation input 15,5, at which the bias signal, as was

already explained with respect to signal E; for operating the plasma discharge gap 5

i d

is modulated or varied in time.

The following indicate:

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

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

Eg: the substrate bias signal.

10



period or frequency. As was shown in conjunction with
Fig. 1, the relative novenent of the inhonbgeneous
pl asma density distribution PPL with respect to the
substrate surface to be treated can take place by

di spl acenent or novenent of the plasma density
distribution PPL with respect to receptacle 1.
However, it is understood that it is entirely

If FpoB sirtH,eB, eppécenalyl, hr@ﬁéﬁbﬁﬁnﬁbﬂuﬂs, e eRME Bhe0 pide
e substrate 9 WitH respect to

substrate carrier_or tl] L :
COW%BOPQE@’& 5&?@01.134 ' 130eskeniN@l apankfrony tanpartivudr amplitudes,
arelsBethd figRtABM tHd R | ng, agpat n :

settable with sfgdic? r(‘r%lsgéjﬁent , toﬂ%tr{ glta'ﬁgl & ?%%bén%ge?%sé)o% signal
Perpch ORiredEARI y di stribution pPL sweeps over the

substrate surface sequentially. As has been stated,

the variation of the discharge voltage or of the
As gvascifemge irc comjendticaneitbr Figi 1, preaeidsd, moferhbst bi a8

. .voltage is sinmultaneously carried qut on the

e e BB R WAtHioRBePaot Wi TeoHOveRetberate surface

to Beh@rehtrbaBORRE pliSe PlyasiBladSRsht ¥r tovletd AUk ARe E@sma density
with respect to the substrate, reference nust be nmade

disfrgputin pacyith Fespeehiosrenemiantent Howvevno-itlisrendemtald hat it is

AN ' ' at i Gal | | n, Fi 2 ircul ar

e DR PR PO W amoPtP O sl Fafler or the

substretg & wif réspettop the eecephagie aceds s elsaniidrthag GswedGvbOthe
Egure 1 j .not_sho in this illustration. At _

fregths Bffélgér;a&‘%&i s %tt%Sp?a\%rgogeﬁa*?les‘ﬁléhﬁéﬂewyemmtfhéf the

inhvacgeneseceptmal dengitpldshibutbs gha rs%eI%LO‘iIe_gf the subst?fate surface

stati narill?la}5 stabli%ge with, as shown in Fig.

seqlgpeeint 1) SHiteR SR oREIR LIRS b chwbargepyaltage or of the

diseengt irredt 8hd j Bt SR vRRld, BYLIBARS, Ofa.dr Lo N
1(2&% t he substrate I%g wth the sgagst?%f’g 1%\%312%1%%e§}1§glcame
out; H?%WG%E@EF P 9e to the i nhonpgeneous density '
di stribution pPL,which is stationary in the chanber.
_Wth the control signal 135Y the x novenent of the
Wik\pspegitte thammowemarg ofthy émompgéndohe pimmta densthygamtribution pp,
- t,..For exanple, in Fig. 3 the
i iatnedt 06 dhe BRAGHRD spieb Bl Denen s eoyile &8eniBin) thig movemen
is tpfo-@Bnensional (x, y).

Again highly sc.hematically, 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 pp.. By means of drives 13, and 13, the substrate 19 with the substrate

11



or 'E9 are depicted. The novenents Ba and By depicted

in Fig. 3 have the sane periods T, while the signa

E5 or E5 has a period T'" < T. In the periodic signals

the nutual phase position is set, such as the phase

position-Qg,, between novenent in the X direction and
carrf@\VRNE [fisplatelin@la¥ivdl foakiifRom@ds Medls @shdideg Hﬂ%ﬁ]

p05|t|onEjbetmeen E5 and, for. eiaan% f§ 1? on peuwhich is
statigBRTIOHS thsfchameber Wi/ it thengasdral; sggmalswgame bemosremphaoé the

0 t non- |nteger

sublihl chERRAE R PR e sl o 62 v R pmaed

shift AC,,, ogEB is preferably set and the signals are

synchroni zed jin the sense _of a se | ockin _
For RERRRIS T 6. o B Brcen et ehdinitntio o oorh 86 8) 25 e as of E,
or B hge Bt@pﬁl’@mTRé(ﬁLtﬁE’ehﬁHhtBH amc’;era Pr8ERHARAIRIg SPhave the same

sim_| ar| as shomn in F| for the y hovenent

pene&ﬁﬁfoﬁéﬁf e the signql Laores g aeeen@@ﬂ“t lfeF- Iprtet periedictsignals the
r i

B e ar e dr ray oty oy HRHR hvement n

the pheiregiionoprd atoyegeing di ithon Yi dlrmm aa Iwnﬂ af theaplthse position

s, and_th ua coord on accordin
berP R ERPL A 0B B B Ml e Sl G i & it Sgbals can be

displaeed atidadespbcs ko Iohétaln@theﬁ:fbyt RN dei itgh- ﬁﬁ@g{irtrahénﬁeﬂadors If
Fol | owi. n ?ér es of action as deplcted i n"conjunction
eYAF%P?:H@f%C 1t age shift APng deerdPreierablppenand theagignale are

syn@hroh@Ra! intgie REALY H0x PHASERR RS Opulttlt?&n'?cjf{las Fdr® Cmaxima and

surface can be set as working result n ¥
mirgng sipduesnaac Ban.chretfiecabvempot emagntB@ mrmtdfed@lv set, similarly,

of, acti
a8 &8@9’1??13& t Otéqg%gﬁﬁ ngé&gep(gog? ﬁglaentoar? ‘fv As) r?t;} g{ﬂmher
premtmit thattems twrakec ef tenpattisolabeigefs, akfshomr ﬁ\aElgl $&n the trace of
B, 4 %g§3eor also in PEVCD nethods, a constant partia
Fetive gas pressure is set above the substrate

surface the descri bed approach permits specifically
ThII % ﬁ out thet ﬁu tlng}areaI112 distribution of the

GEpDLTT BHPTFAAT G EpeEt F RACH A% A P Bpchetets Fshiliggmutual
coot&lhﬁkﬁx&%&c@ﬁmosmmthBieﬁdry ofi 2hé @SasrAiS tiea&dDR@Birate surface the
mﬁgﬁs ajned, it is also the essence of the present

stribudion of theweotking 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



i nhonmogeneous plasma density distribution pPL, with
respect to a substrate surface to be treated.
Pronounced i nhonbgeneous plasma density distributions
are utilized in nmagnetron sputtering, in that here
al ong the tunnel -shaped magnetic field | oops regions
distrgfutisingef theldepesitee gerting spenificajloneitht rwepeddv eottmeg thickness or
stoichPl 98k, $ der surfaces.” As was explained in the
Introduction, it is entirely customary in nagnetron
sputtering, in particular for reasons of increasing
the target . materjal utilization, to nove the tunne
As Tpf Begh EREPEIEL 1 Brisq i BRPEH Dhie PRSTOGEHEAT B B an
inhod@ b yudlb Bl friabadn ey, dibebu@anh) evisl respdv & H9uPRMAE surface to
magnet configurations beneath the target.
be tregipslequent |y, - magnetron sputtering is nearly ideally
suited for being enployed in the approach according
to the invention. The magnetron di scharge can therein
Proryeirgpe isha@doggrndous Dlasmm thndG; disttibuSopeaienpised iAGrBEghetron
r.wth HE., Furtherpor t sputtering .can be . .
pulrlh 10 T AR TR Frab Tt rihESe £EGoRgs reiprn,of hien
plas&Puldraitidithre ARnerdibdiabede the fabgeti sphinpdyatiaem, Adevas explained
_ resent invention had been worked out in response to, ‘
in heBRARITERT st 47 FRITRY FRORTIRRY o fRaAmSSisay %wfr%ﬁﬁgc Gupprftpular for
reasbfS BNitHESiIBNthe tadSetWABteMPLIAIRSEL, NoGRABY &R @ReMibld regions,
Fig. 1 - 3, expanded in principle to setting the )
and ghereyfitipther BHOMOZENSP RS Bﬁ@@ér@%ﬁﬂﬁ HrEdions Exteremple by

profbct bt alecreclaen: Ry dehels, Somy

magretnenaiputterimggn aterols idpaltt suitasbariregng kavpeyed innthatrpgphoach
t ogduct | on.. et NG o i ti ' :
ccc QP O R 180 RRERBE st Pk M B b Dk watn
DC puithiAg, witbangpe3Zup@edaACabgeor batkplFatBurdderirore, the sputtering
i sposed a _target 33 conprised of nmaterial to e .
can SRR ki i PSR G POl i f g rgiBrine
system 35 is | ocated outside of the vacuum chanber
30., .Thi,s stem conpri ses_for exanple r.otational L,y .
as Rt Tn 4 iTRd O TS pbhe CEGARkGp ol PRt out n
respx@i3t kdlrequirdménts Wirlsh@froanagteabh @puabring &b aane dchniques and,

t di d [ | i th t . to it
as g;%gﬁg?mggdﬁ'ﬁ%g?fnecﬁogs‘%mg ca LJS, gxpve\fnded rine Spei%cciple (’20 Ise’cting 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 backplaite 44 a magnet system 35 is located outside of

the vacuum chamber 30. This system comprises for exampie a rotationally movable

13



ki dney-shaped in top view - reference is nmade to Fig.

6. The nmagnets 40 of the nmagnet configuration can

optionally be driven and, as indicated at R in

addition to their rotational novenent co, be also

di spl aceabl e about axis A under radial driving. As
maghBOMIrisE b C&s : f d:ne magnet .

“confi g S r gfa{{%ggﬁ%ﬁg%p ?%Onlgtluan g%rggﬁ?z[nlﬁ%%b g‘fsel ﬂé ous gﬁﬂﬁf?é]tolncc’f
permignging magnets/€ddwipobed espeutetticallyhwithulespedtte idondfort H@mple

L 2 carrier 43. The.rotational npoyenent of the
idrBURREDA] S B LRl - feberdlllE o] BN 8B B R GRash i 20 of the
magoentardiguraet <37 bptisnsibabaediy RS iAFicAtdeLeR B addition to
.configuration 37. The scanning ul ses | of detector
theiz ftgtichal APQVeTRttap B tipaelicRipcapbte ahoudtaxis Arimdet Iradiahdriving.
As sQHWRUSchehBically hiBr, del Q¥ Suheesabid) 9 “ég?lg forPk

~ synchroni ze tHe, for~ exanple, sinugoi ghaqn g pronounced
inhogygsagoeh flagnefie figichisrmoved Mith r&pett tol thesdeirhieats on the
subsald & EPg3At @ further control input 385 at

gener at or §8, t he excursion of the sinusoidal signal

conmponent of E5 is set. As depicted at 42, into the
treatment chanber. 30 leads a gas |line_for a working
The B P PRRG CL o eht BRE RN §° BPRCAS! B anoror with
contg@lsinpat 8%, is Beagiear byp hefaBE @b layd ¥ -tBE amstio0h ti8n 33 TR &¥nning

E . (=]

hegd, a reactive gas is introduced into the process
pulsgh, 4 oh detecki Ynihat ryesetinRin SMmonelaped tet acwait dhgtheldutput side,

_ f ; n_at, | t . .
BB DSR4 nRICHE, 19 Aol bk gena .

Conefquehdyr edutrivg tg&ss. i%s 1ds spdiifishedth by, Seit i fgrthBecontrol input
38 Jrovement 9% 1%he i nhono &%OUSl%ﬁénsi ty-distributed
s TrEgNEtT on Pl aSs M HR P Hethei St FEFFER COBPONRB! Bf Bsieset.

_ di scharge power E5 along the substrate surface, the
istribution of the conposition _of the coating or the
As Cgeé’éﬁtf‘% & e ok B TR SHERBIT S8readser gex lmaxg@rpar #orling gas,
prefé@bk} g0, alllidp@iofally Yhd theOditmd BEs (LD %w%%o@&jéf&%g%ﬁ’bv means
¢ the invention, by 14 neans of a measuring device ,
of a 287 SBIAYNPEA! By CABEITS ST iISeNIPRYeRfRinty the peetess cladmber for reactive
magh8&ba lspneer BRASIY ement, pr of il e measurenent of the

surface by neans of opti cal

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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reflection nethods, etc., with a stationary,

optionally a noving, sensing elenent the distribution

of the treatnent result is acquired in situ on the

surface of substrate 54. The neasurenent result x is

conpared in a difference unit 56 with a specified

result distribution W The conparison is carried out
neadb dfMEmeASiAY a I ¢ b $1 Irh P4 i L NGt
T e o eyl Sy b A L ARREEA Merical
resigippes HipasuigRERt Mradte mepsuremand el wbe sdifsta bpunéans of optical

] LS, Lwo- di ' appl.i cabl e Discrepancies

re e TR e T S R PRl L e b B P oment e
distsibppibhed the sreatmenpestlt igacuniitedirasiiset the gugh@na Substrate 54.
Th%%ﬁ%{re%eﬁﬁ NELALOL (ta:28 it OF ale PSR o € S NAr 98 e resut
distribReFBgEN TS cqthpation @eRsiiéy ot of KhdiHstaRamiusWieb it

. respect to the substrate surface. Instead of such an
distripution; figfeFRRAcaRY BIFastr et Fedh AdtRatBFRIeBIedRidighas already
takérh?lefé@,v@lifﬂpafrﬁ%h{éﬁ QG&siButibh WRicRNL kBl AmeRORBAY & pplicable.

~after specified or specifiable treatment tinme séegnents
Disergpaneias befwaeneActyabe) randeNoroinmt (W) tistdbwion achanpyglied via a

' A ' G =ahicl e _mmj I i N V. u

corkglih £ufRIEH; L0 E MRS S e BT TS O Hlhome
disdehgewad/ opa tgoidenusit 60 fer tre midveneing bf itutritemaeger@bus plasma

internediate result, to nove the substrate back into .
certfy EFRAPRE b BHisaP et (66 LORETH o Er o FRTERd Of Such an i
situPfe@GREHG A theapREABRI ef@) YiuadapiRddeRAARBLEh B ! is entirely

respect to the m)veme_n% of the inhonobgéneous pl asma
Posgbie AT SRECHTISS BUTRSGHIARM TEREN P S RE SBEBERkT 9Ty the

subsRatd Rol el PedRWhPBHARBA 80 Wi ﬁm@a&ﬁiﬂﬁﬂa%%h%@ 'ﬁﬂ]ﬂta'ming
d wth d out

as were_attalne . production netlods carrie t
VacEEb FENGIony PrHeqpirederr thenrermem rgtulhadigrrst pprfo this time er

its SRMWibShon GO iNGrAYIARAAS B! tR el ths YaBs@Se Bhck into the
depicted in principle in Fig. 5 Test set-up:
trearment ishAmbehant ¢p cOTLTIQDEreBBRgIrP0s:s W Naeppnopriatpty adapted -

P N RED P SIFTANAS DRGSR o

dis{riglvtanTc and Enrepgayma 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 ALNO2

DC Power supply: Pinnacle (Advanced Energy).
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15~ supplenmented with ad cup 10 kWM N 315243E- 100A
Coating thickness registration: Spectral ellipsoneter
W/ASE M 2000F, Version 3.333 Substrates: 6" silicon
waf ers Magnetron sputter coating fromalum numtargets
i n nitrogen-containing atnosphere wth ALN Mean val ue
of discharge power: <E.> - 8 kW Form of power

nmodul ati on: sinusoi dal ulation fr ency: _
5.95 Hz Settabl e phase SFE@%%I{%)? Wﬁ% a%ai:ﬂ?ef&iw M7N 3130438
configuration - rotati dA0fovenent co according to
Cohtifle tHichid Lh wer dul ati.on of E5 Settable
“rodul alf%%%ﬁé%ﬁpgﬁ n og%ﬁéTTalnelgpﬁf?mStqré“’él’é*{ﬁEch%DOOﬁ, Version
top view the magnet syst3m of the magnetron '

figuration driven gt constant rotational speed ca.
Suﬁsﬁgate shows the areal %disﬁicp}‘b‘&i@feéﬁ on the 6"

Mamgohapetef chiiend Foat FRAntES W ke AMBLY,  Lhe .
.regﬁ%i ve magnetron sputt ermcoatt%l ﬁS"Svn&%ﬁm%éﬁsf‘&ﬁfﬂfaﬁwsr%ﬁnosphere
Wil &l¥ef erence exanpl e without nodul ation of the

MdhSedas gﬁdi%,@}’l\@ge%’bwégt&gég@g(% ation excursion of

5.6'/'0, the plfasma power was now nodul ated at
Foymp ok @9wsiaved WEBon: 0. BirgisoRlashows the result. The

' o] distripution according to Fig. 9
Po%?}ﬂ(ﬂﬂllh@&g mgﬁ%tmcgr at %93 H}d 9 9

furthernore re ul ati on excursion of the

Setttitde phrgelopiingr offhe ahagnddQoatigArdtREKe d o pRSEmBER 2L 90

degrees. .16 .
accoraing to Fig. 4 with the power

modulation of Eq

Settable modulation excursion of E

In Fig. 6 is depicted in top view the magnet system of the magnetron configuration

driven at constant rotational speed .

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 Adg; = 0. Fig. 8 shows the result.

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

mo . . ¢ . ¢ = o .
dulation excursion of the discharge power E; of 5.6% at a locked phase Adg; of 90

degrees.
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Mor eover, when maintai ning a nodul ati on excursi on of

5.6% and at further phase rotation to OPEB = 180

degrees, the distribution according to Fig. 10 was

obt ai ned. Wen further increasing the phase

difference A EB to 270 degrees, the distribution

WA 9. ..Furt her i I h, const ant

bAOH%%%%ﬁ?P?@ﬁﬁggcurs%&g, dﬁé%F?fe¥%5SK%%§%%Q%d§ﬁ FIHIiRgE phase
rotatopt {aggd= 180 Aefress 106 ddegfbasen athsrddhsté FHN0A0as obtained.
Whde |¢qed in Fug. 1% rgfglted. To obtain the

B 'HIFH RGO sy Bidrs diHerange Ass 40 280 degrens, thhakeribution
becaffeSdst gm&ﬁEﬁlgl% P&@Q&,e\?ﬁh %%Faq{t.r}go Qlfaﬁlog 'eéc]:%%c}r{) iasﬂy, the

nmodul ati on excursion was further raise Fom

phasg ppsitiorhwas egtiarizes o Mogst 195 degphas eTtepdistritafionOdepicted in Fig.
12 rdsfi@BgW th nodul ation excursion optim zation, showthe

way I n which according to the present invention by

setting, on the one hand, the novenent between

{ nho neously density-distributed plasm and the
To obF% %%Eiszﬂ’%glbﬁc‘i%é% RsTE ot §tRargenispipsepositpmalpgy =195
degraedlgsbr@dg tarreal 12 ehd ardad ' e s caised from 5 (O
“distribution of the cgfgﬁugdgﬁrmeg ﬁé@gwgiﬁﬁ%ﬂ raised from 5.6%
to 8.5%¢ ai ned, for exanpl e according to Fig. 13 a desired
azimuthal and radially maximally honobgeneous, i.e.
uni form coating thickness distribution. Fig. 14 shows
The sevenags &gt with preise oppplitatair, dhewfwithendqi@s@it excursion |

| [ o, a_slightly different viewoint than .
ot REREh ot Ry RMARE Fetidha S the Fomehopenton by seting
on thH ehe hbud,i thasmobéraemesktaeed mtlhdg obend Rl ayrggm,t}i@gtrgfutgd

]astreatnggt.resyll.is t he Fistribufion of a coating
plasg; 0B M YRHAHPR Q! (e plagma) disehangRsupnkyf signalTagfesired areal

effecpkiastabus ol SidraldestAblLiAYR bf ife B8RS HEGnARC AL NG d; |
i nventive_nethod, with the sufface S'é%g fﬂ%ﬂ£88d’ﬁn

t he
exan&?qgtaﬁ% oI B8 1 ki teeied ezmathnd grdheadéalbf mesinallyt f

hombgenedys | LM BfifeROEHHMB BR kK edYdistMlfon | S Pl aced onto
the planar surface T of the substrate, at |ocation xO

yo the z-axis has the direction of the surface nornmal
Fig. M sRéw$ 8Eibrh 5Bl W maft ap fifcatRaL é%espﬂ'ge@\% SnverlidN #m 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 Xo/ 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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according to the invention at the sane | ocation xo/yo
the surface normal NS with respect to the direction
of the surface normal N, is spatially tilted,
corresponding to the system of coordinates in the
surface S at location xo/yo. This tilting of the
.coating surface S wth respect to the substantially
pl anar substrate surface T, or also generally of a
nonpl anar surface T, is referred to as coating tilt. A

accogfigyy fo darntveapjn @taﬁhemﬁﬁatléﬁ XN tBE@SeRke M¥ERE ![\Q Ryith
res %gtkg |qﬂ y ﬁge coating tilt gPatlaII according t

P5FeVal FFueniithe snEacaRarspkl; 45 erati de)lltﬁfcbmlrteypondmc to
the &soatg. dfheoshSet & ens glulffé&es Et hQGabh% %ﬁf ff}h‘%% g of the coating

~_The_coating tilt for which the inventi’o ves €
surflgqgé &V EgsDpg4erthe ,q;ub@fg.ptmlév @flarnaqresubsumfea&mfélégblé tedl€b generally
‘of a rbriphiriy: 685! Ot REL 0 LR S B8 M PHcton case

of ﬂszubmsmaft @Vemtudm & lsynfgaoet titei mtnng thilt epatedly Q&:o@dﬁd%' ﬁfeV ailing

mty gat ne ces a yacu reci pi ent, nanel

condBEHY AL SRRl DRRR Ty gt HE Tk Pt Siate chffrently.
The ra:aa’emg aillt fios vxﬂneledhd ftventibe prioeLss ﬂerelﬁta{m!%ﬂ?%%eplgns of the

‘ %fﬁ Vi ng ngﬁgrlal fromthe substrate surface or~by
surfgieh A A0 Ho LHA e HE SFecHe Supenrales vedh Catsetion N,

wher eby said surface has a desired two- dinmensiona

distribution of the result of said treating,

conprising generating a plasma discharge wwth a

| ocal Iy i nhonbgeneous pl asma density distribution,

hol di ng said substrate stationary in said recipient

and establishing a predeterm ned novenent of said

pl asma density distribution with respect. to said

substrate, characterized by establishing said desired

‘distribution of the result of said treatnment by

additionally applying a predeterm ned tine variation

of electrical supply power for said plasma di scharge

and/or by additionally applying a predetermned tine

variation of an electrical bias signal applied to

sai d substrate, thereby establishing in comnbination

said variation in tine and
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sai d predeterm ned novenent to result in said desired
two-di nensional distribution. 2. The nmethod of claim

1, characterized by the fact that said plasna

di scharge is established having at | east one area with

a predom nant maxi nrum of plasma density. 3. The net hod

of one clains 1 or 2, wherein providing said

i nhonogenous pl asma density distribution conprises

GApams :ng a magnetic field. 4. The nethod of claim 3,
characterized by moving a magnetic field
di strj but | ocal ithin said recipient

fret hdaRth8f oG Bpitackiing 7 sSRsFakaritl asbitacs wich s gated
Byes sirghavas@i tRdReent

bylags rtd;?gna conpri sesﬁ%éig@b&&g\gg{guéeéﬁ{npn%?%y b&coatmg
with gisingle spHECeiEemowhish aosiglef metetialis freedinto the processing

o ffact t

SARSRERLbr6F by RgfesaChio™ LRHURYA Budee of B thanging

tepuhateriahgt memﬂssawduﬁmedwhéw Sidis0FfdcaPae N désifesd two-
e nmagnetron tunnel - shaped magnetic

Cﬁm”wongggﬁér&utm of thgiest pispid tepting, eMArisipgigeserating a
6I§§rﬁ§td|s&1arg@%fﬁeé ﬁ?g”?act o %%né‘du% %eqé?wrﬁltxé:lustnbutlon,

characteriz sal pre
hnldiegesaid amblstwecstatmrmﬂyeiresaldrredlpimﬂ iaqtdi emtablrsmrigra are
nchroni zed.

each, peri odi c and

EBRTNAY tiowBBiert o8 raid Bletie dendi Ath By tuith jespect to
san@ sliBstfate, ERatactereli ) SRhBlidhg s8idf d&8d NERibLBGN of the

men: atnosphere o= said recipient, a reactive gas

rpgulit af saidttgeatment by additionally applying a predetermmed time variation
of electrical supply power for said plasma discharge and/or by additionally
applying a predetermined time variation of an electrical bias signal applied to
said substrate, thereby establishing in combination said variation in time and
said predetermined movement to result in said desired two-dimensional

distribution.
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. 2, Characterized by the fact tha:s

szid vlesma discharge :is established naving at least one

area with z predominant maximum of plasmz density.

Ml T Ll L AT AL,
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said treatnent atnosphere and wherein further the
ratio O sol-d material and conponents of said
reactive gas in a result product of reacting said
solid and said reactive gas is adjusted along the
Surface of said substrate. C The ne=hod OT cal m 1,
chard" _erizeG by the fact t: t the treatnent is a
coating of said surface. 10. The nethod of clam1,
ghar agleerisze@ DA v apt dhalnssai dy; 4t reaEPBRterized by
result is an etching c. sai|l surface. 1i. "The nethod o
R eﬁqﬂ anes paig 19@=%trfair<a@iesppedybyoweheaﬁaw*t hatd bias
ef N ,sald.—r her e rea .ap.
r%ntcg{ mad' é‘?%sg]u ~of salﬁac?eét PHy* Eélmﬁ’ﬁsﬁ%a§ r 8d .

d ared with a desiyre : treatnent iin_e rne.. ~.
ik Q@ﬂp éhrr— %Uhd heFefn™duri n§ SubSEgGAALETIzed by
Jr&p:ﬁ‘aaﬁ ﬁcilzo i&cﬁmuermeedpmvemgt«aagd/ sCZ gﬁgbga ron
time varlatlon is O are adjusted aS a unciion c-
RIS BT SAFeTI S g id 2prFHetrenined obvelahm ;2 &
, fhat , sai_d neasurln of.. | i
gald’ﬁqﬁérned'dfe F%SUTTQQS perForﬁE& % TRGOE ptic7riela with
ITHREreUptinee tymuveaenumy . suhErekenofsai @phteat:rm@t tle2gex.
performed. 13. The nmethod of claim2, _l|araoi? =22C by
the .Tree metiddtoSabtke BASYL EAGsl S ﬁ%fJSZ ~QkMRGrsRized by
situ during said treatmer: and the res:~" t o said
ERS UFG Ty T35 acs 1R PB%e aE5Rs0Sg movement and s2id

predeterminecd variation in time are sach periodic and ars

mut L.LE.L_.._V SVI']C;...OI“ i

€. The method of one of cliaims 1 +o 7, characterized by

the fact that & solid material is freed into the treatmen-

selid material and components of said reactive gas
result product of rsacting said solicd and said reactive gzs

1s acjusted zlong the surface of said substra-e.

©. The method of claim 1

11. The method of one of clzims 1 to 10, chara Teriza24d Dy

the zact That before terminating saicd treatmen® there is

measurec ancd compared with & gdesired =—reartment :ntermediate

-



cont r01 value w_ _hi n a negative eed. Lack contro
bOGoo .. which said Dredeterm ned novenent and/or
said time variation is adjuster as an adjusting
entity for negative feedback controlling said
treatnent result to becone Said des-red _reatnent
res:~lt . 14. The use o= the nethod according to one
of the Clains 1 to 13 for nan -Facturing. coated

seiaad 28 vid v sesh £ eghg dibst byt op-0f -¢0atng ¢ or are

t-1nickness -long F_ -oredeze=ined area of surface.
FIYHeUss & TS reehodl agcordivig é saédcootbering.
claims to 13) for manufacturing conponents Whic_

oper at B OMEHeodasf schéimcblist intal-asuefdcewaves hESAYF: that

L ediate result 1s performed

%2 0 ndMl k- ; Acoystic; waves. (BAW 21

without interrupting the vazuumr wherein said treatment is

ereain nT .=

perform

D

C.

szid measuring is performed ip situ cduring szic treatmans

variation is adjusted as an adjusting entity for negative

Qe - . L. _ . -
1>5. Thz use 0f the method according To one cf the claims

i - e
Lo 13 Tor manufacturing components which operate or the
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