WO 2007/128659 PCT/EP2007/053768 1 Description DEVICE AND
METHOD FOR WET TREATING PLATE-LIKE SUBSTRATES [0001] The
invention relates to a device for wet treatment of plate-like articles
comprising a plate, holding means for holding a single platelike article
Blibytiass? parallel to the plate, and dispensing means foP{rfficrioEiags 768
liquid into a first gap between said fifst plate and a plate-like article when
being treated. If in the following the term wafer is used such platelike
articles are meant. [0002] Sucg)@smpiﬂmmes can be disc-like articles

G A R o PG B e

device the gap between the Ategke®UCIEERd the plate, which is
arallel to the plate-like article is filled with liquid durlr{:‘(}; wet treatment.
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roblem occurs that fine droplets remaln on the plate, and thereafter are
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dropists] wtlighahaue beefetranstesred from the plate to the plate-like

roogdticle’ sssutfage. iypicaly formyandesited mars,l sHch marks, auoip.£rom,
aqueous solutions theY are called watermarks, [0004] If the plate-like
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to the platedike article’s surface, typically form undesired marks. If such marks origin

from aqueous solutions they are called watermarks,

[0004] If the platedike article shall be treated with ultrasonic energy metal plates are often
used to couple the sound into the gap between the platedike article and the plate. As
metal contacts mostly have to be avoided as a contact with the treatment liquid such
plates are covered with an inert coating (e.g. PTFE). Whenever herein the term ul-
trasonic is used it shall be understood that megasonic is inciuded herein as being a

specific form of ultrasonic i.e. above 1MHz.

[0063] An ohject of the invention is to improve process conditions in the above-mentioned
device.
{0006} The invention meets the objects by providing a device for wet treatment of plate-

like articles comprising:

- a first plate

- holding means for hokling a single platcdike article substantially paratlel to said first
plate,

- first dispensing means for introducing liguid into a first gap between said first plate

and a platedike articie when being treated,



- holding means for holding a single platelike article substantially parallel
to said first plate, - first dispensing means for introducing liquid into a first
gap between said first plate and a platelike article when being treated,
WO 2007/128659 PCT/EP20071053768 2 wherein the first plate is a
wikicon7plaey which consists of at least 99 wt% of silicon. Thesiticomrpkates
is in contact with the treatment liquick when the plate-like article is treated.
[0007] The flrst late (silicon plate) should have a size so that it can cover

at le zﬂs%%f 1iFeP [3fats-tikdIcptPla o ‘W theamsir i fofor isasapie e €306 Hiean.

silicomwafesshalicheitreatedthersticarsplatauspehasibe disstplatesmayc is
be a ile%pc@m silicon wafer. Although any silicon plate can be used as the
first plate it is preferred to use a silicon wafer used. in semiconductor
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wafer can be used. as the first plate. A reclaimed wafer Is a water, whic
has BREH BORIBEF1BPHE < .theélﬁw&i&?r RS PSEWRY S S maRfer used
fulfillitherexact specifiéation fahprdducing:lgshanimmaoie. {AROBIHTh@gapered

between, the platedike,atiole ang he firstolaiepisierably %c%?mﬂd’ﬁm@%c

of 0.1mm to 20mm. | %009 1 An advantage when usmg1 silicon as the

matel 1 b PSR TS s AT SHRAHI S HIHR ERESHbEEEH e be used as
cherdicdlstedtinehtdidgiidsdanddoes wotemitianaundesirethsulistahcesmi-

it nethernemits RArickes bk any metalsRepecially f'é&f ceRn WaTSRIRhAl 1 Cs
be cleaned it is favorable that the plate being parallel to the to- be cleaned

surface béfaves similar to the surface of the plate. Even if the cleaning
[00§1gliid eldeksrdifioensitths abideplatieitb: usé GesilicoplgstateWithy dusredtigkness
used:etching eleaning liquids (diluted liquids) not more than 10 nm are

hed per treated object. Con- sequently 20 OOO cts. can, be treated.if
[Oggéﬁosso thlf%: né S0 ig silic rslﬁpgil f%t ai[a{e“}o Ei‘f?ﬁ?nplisdtgccle aa‘br%f“’“
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and that stch:ebdeviee-is: usatkfondRRhouesiar veamntbeisilicerplaterkason

to b%@&l@&%ﬂ Qg%a%éyﬂqy}avorabie that the plate being parallel to the to-be-cleaned
surface behaves simifar to the swface of the plate. Even if the cleaning liquid etches
silicon it is acceptable to use a silicon plate. With currently used etching cleaning
liquids {diluted liquids) not more than 10 nm are etched per treated object. Con-
sequently 20,000 objects can be treated if a loss of thickness of the silicon plate (first
plate) of 0.2 mm is acceptable. Considered that 30 wafers per hour can be treated with
such a device and that such a device is used for 8000 hours a year the silicon plate has
to be replaced once a month.

[0010] In a preferred embaodiment the device further comprises at least one ultrasonic
transducer acoustically coupled to at least the silicon plate. To use the silicon plate for
coupling ultrascnic energy into the gap between said first plate and a platelike article
when being treated it can be avoided to use metal transducer plates or the silicon plate
is used to separate the metal transducer plate (coated or uncoated) from the gap.

100111 Another embodiment further comprises rotating means for rotating said holding
means and said first plate relative to each other about an axis substantially per-
pendicular to said first plate. This is preferably carried out by providing rotating means

to rotate the platedike article.



[0010] In a preferred embodiment the device further comprises at least
one ultrasonic transducer acoustically coupled to at least the silicon plate.
To use the silicon plate for coupling ultrasonic energy into the gap
between said first plate and a platelike article when being treated it can
e avoidedsto use metal transducer plates or the silicon plate igpsedts76s
separate the metal transducer plate {coated or uncoated) from the gap.
[OOLQ 11] Another embodiment further comprises rotating means for rotatlng
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carried.out by providing rotating means  to rotate the plate-like article. WO

2007/128659 PCT/EP2007/053768 3 [0012] Preferably the silicon plate is
100 ihde dnSifgReEr/stAIRAERIESiF BEADSS IN TepyRtamme Eifitargast one liquid
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means comprises at least one liquid suppl Yy Op enlng whic orme
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[0014],Vhen Lsing Witras ﬁnwﬁmﬂgﬁ e deyi t‘fsrm&ylhﬂz@%'&mﬁm and

with a resonator plate, which is coupled 0 the ultrasonic transd ucer,
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in- dustrics.c.g. amospheric downstieam, plasma siching or wet stching,
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side.

{0017} If the device further comprises a second liguid supply means for supplying liquid
onto the side of the platedike article not facing the first plate both sides of the plate-
like article can be simultaneously treated. If ultrasenic energy is transmitted through
the silicon plate and the platedike article has similar thickness and similar impedance
as the silicon plate ultrasonic energy is transmitted to the side of the platedike article,
which docs not face the silicon plate and thus both sides can be simultancously treated
with ultrasonic energy.

[0018] The device may further comprise a second plate, which is substantially paralie] to
said first plate, whereby the second liquid supply means introduce liquid into a gap
between the second plate and the platedike article when being treated.

[0019] If ultrasonic trangducers are used the ultrasonic transducer can be directly attached
to the silicon plate or the ultrasonic transducer is indirectly coupled to the silicon plate

through a coupling medium, selected from the group consisting of solids and liguids.



side. [0017] If the device further comprises a second liquid supply means
for supplying liquid -onto the side of the plate-like article not facing the first
plate both sides of the plate- like article can be simultaneously treated. If
ultrasonic energy is transmitted through the silicon plate and the plate-like
wdiclshasssimilar thickness and similar impedance as the siticomrphatess7ss
ultrasonic energy is transmitted to the side of the platelike article, which
does not face the silicon plate and thus both sides can be simultaneously
(0088 ated WittH THEFRCOIIE ¢y 0D 8P INE BB  hng fiFterbg s eariing
secaong:elats, avhichiis aubstantialytparadlelstoh saidirstiplatec b erebyathe of
sec igui [ liguid,int ween the .
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ultra@BhietrASEIEEYs are used the ultrasonic transducer can be directly
[O0atlachedh to thetsidicorhplateromte ultias enidiransd ueerdscindiractlyrasonic

coupledJo ihs silicon Plaise thioseh acoupling medium seigeed fomhe
group_consisting of solids and liquids. WO 2007/128659

PCTIES2bB/B5%7/8% 4 {EB0P WHEEStich &oubling medium is a coupling
[00Rguid it i pteferpdthiifithe cotplinga liogiiddhis acspecificimpetantiecZrticles

differingJgss ghan 5% to the specific impedance of the treatment liquid.

The sge%ific impedan{:t%{[iis a product of specific sound velocity and

specifi® dERR 005 11 NS 5 other embodiment when using an

ultrasbnitiransducerisuthstittasonier tighsduskrlisgeddupledito the silicon

plate ga.tatiheylirasenicdransducerandibensiioon RIAE AREIOREAfkie when
anglg in a range of 5 to 50. [0022] Another aspect of the invention is a
a&‘tlgoncat . . L .
method for wet treatment of platelike articles comprising: - holding a
singl&lpsistelike aticketc-ibpindivg alfivstphate substantially parafelctosdaith, the
platelikecarticle bimodusing liguidtinte-aditst gapipetween said first plate
fo2f)d 2 H'x}a‘éeg.'l»’é? %ﬁi}%’%ﬁ’("xﬁ‘;?n%n Sf%%tég%k?gwuheéﬁ%@eﬁ? Hrstplate s aﬂPe plate-
sHicon p at_ , WNIC COI”ISIS'[_S at least wt% of silicon, the Sﬁ con p(ia e
beind§f HHRtAET NI thesthsatabft liquid. [0023] In a preferred
[00BMbodimenithitbauiinod dlthasenicoe aergyisiapplieddethelater plate are
rotated relative to each other about an axis substantially perpendicular to said first
plate.
[0025] Further details and advantages of the invention can be realized from the detailed de-
scription of a preferred embodiment.
{0026] Fig. 1 shows a schematic cross sectional view of a first embodiment of the
invention during wet treating a wafer,
[0 Fig. 2 shows a schematic cross sectional view of a second embodiment of the
invention during wef treating a wafer.
(0028 Fig. 3 shows a schematic cross sectional view of a third embodiment of the
Invention during wet treating a wafter.
{6029] Fig. 4 shows a schematic cross sectional view of a fourth embodiment of the
invention during wet treating a wafer.
[0030] Fig. 5 shows a schematic cross sectional view of a fifth embodiment of the
invention during wet treating a wafer.
{0031} Fig. 6 shows 2 schematic cross sectional view of a sixth embodiment of the
invention during wet treating a wafer.

[G032] The first embaodiment shown in Fig. 1 comprises an ultrasonic tank 10 holding a



like article through the silicon plate. [0024] In another embodiment of the
method the platelike article and said first plate are rotated relative to each
other about an axis substantially perpendicular to said first plate. [0025]
Further details and advantages of the invention can be realized from the
datailedicesscription of a preferred embodiment. [0026] Figedrshews as3765
schematic cross sectional view of a first embodiment of the invention

during wet treating a wafer. [00T] Fig. 2 shows a schematic cross
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tempEitne dom Stene {0083 Wil the s ki nkcphinalftysefm”
ultragenis transdcarscdsratadnomtedia@Rnhemical Society (ECS) in 1999).

{0034] In a distance of about 5Smm a liquid guiding plate 12 is arranged parallel to the
resonator plate 11, which forms the gap G2. The liquid guiding plate 12 and the
resonator plate 11 are fixed together by pin-shaped support members 9. Preferably at
least three support members are arranged circumferentially between the liquid guiding
plate 12 and the resonator plate 11. The liguid guiding plate 12 is made of the same
material (silicon} and the same thickness as the resonator plate | 1. The liguid guiding
plate 12 has a central hole 5 with a diameter of 10mm. The hole 5 may be set off the
center by preferably half the diameter of the hole.

[0035] A chuck 2 with holding members 21 for securely holing a platedike article is
vertical movably mounted to the treatment tank 10 such that a platedike article W can
be immersed in the treatment liquid F, and such that the platedike article W can be
heid substantially parallel to the liquid guiding plate 12 in a close distance to form a
gap G1 of 0.1 to Smm between the platedike article W and the liquid guiding plate 12,
The chuck 2 1s designed as a spin-chuck so that it can be slowly rotated (5-60 RPM)
during ultrasonic treatment and can be spun at high velocity (up to 3000 RPM and
more) for drying purposes.

[0036] Treatment liquid can be introduced into the treatment tank through a first media



angle of 35 with respect to the resonator plate 11. The preferred angle can
be calculated from thickness of the silicon plate and its acoustical
properties, frequency of the ultrasonic waves and the acoustical
properties of the preferred treatment liquid and the coupling liquid so that
e resarmtor plate becomes transparent for the ultrasonic waves{seeAss
Tomozawa "The Visual Observationsand the Simulation of Ultrasonic
Transmission through Silicon in Mega-sonic Single Wafer Cleaning
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plate 11 is then further transmitted through the hquid guiding plate 12. If thickness and
material of the resonator plate 11 and the liquid guiding plate 12 are the same there is
almost no loss of wave energy when ultrasonic waves pass the liquid guiding plate 12.
Thereafter the cleaning liquid is displaced with rinsing ligquid (Di-water), which is
thereafter displaced by drying liquid and/or drying gas through the media sapplies M1
and M2. In order to support the drying process spin speed can be accelerated up to e.g.
1000 RPM.

[0041] The second embadiment of the invention shown in Fig. 2 is based on the first em-
bodiment but with the following deviations. The liquid guiding plate 12 is connected to
the cylindrical sidewall of the treatment tank 3 by a concentric separating ring 14, The
separating ring 14 1s inwardy scaled to the outer edge of the liquid guiding plate 12
and outwardly sealed to the side wall of the tank 3. The liquid guiding plate 12 and the
separating ring 14 together separate the tank 3 into an upper part and a lower part. The

first media supply M1 is connected to the lower part of the reatment tank 3 and upper



thereby forming a gap G3 of about 2mm. After the chuck is lowered so
that a gap GI of 2mm is formed between the wafer W and the liquid
guiding plate 12 cleaning liquid is introduced through the first and the
second media supply M] and M2. The wafer W thereby is slowly rotated
alczmelogityoof 5 RPM. Thereby the gaps G3 and G2 are fillgdydi38y7/053768
cleaning liquid flows in G2 from the edge to the center as indicated by
arrows and is supplied to the downward facing side of the wafer W
through thechotetsd in thrediiginid guiding plate 12. Thereafter the liquid fills

Oth? gaﬁ@@l@ﬂqmﬁﬂ\ﬁ%@?ﬁh%}ﬁﬁﬂt'ﬁfnﬁ%&h@c@(d%&fhth% Yi’i@fﬁﬁu\ﬁ\{uﬁ h@ppiy M

iquid,in is accelerat the r er similar to a

centri ug%{?i%‘m]a 8§9T %: & higaid 1es Cfevglo\lévg AP SR HAS i ven 1f the
valué' ity is p@rmﬁﬁéﬁtlwwfﬁahﬁéwlﬂmght draitmDd ligelith flowthirbugtto be

media supriasMutand Wi m@m@oatf@&@@hgocm\m & meam liguid 1vehiced
at a electe value £O%plﬁ? three G , G3 have been filled
1 or

with |quu§nu frasc c IS SW on and t a“’lvya |s treated for a
[00¢&rtain thae el gmbodimengiihia iy dtiee s gplhg shisddsge.gn 16 RPVBm-
UItrmm;th@dvamswtﬁ@ddmwg hthe rasenatord phadentlpiste is

then further fransmitted h]rour%h Iqu| in thlc
and {materlaﬁr e ‘resonator pl p ate 17 an g’%ﬂdwﬁ%lﬁé% {’L%l?i;g Bl‘gtﬂe{’ éédnd the
the §5i’ﬁ%dfﬁ’éﬁ’5‘ﬁ% l&imost no loss of wave energy when ultrasonic waves

[00péss thertiguiengligifag:-plateilPod ke realtae the eleaning tiguigis: first media
d'sp%wtﬁaﬂem%aawsh(%'eve@& 2 a&bdls h o8 f&?nrglg)ea%cmgxﬁn
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{0046} The fifth embodiment of the invention shown in Fig. 5 is based on the fourth em-
bodiment; however, transducers 15 are not coupled to the resonator plate 13 via a
coupling fiquid C but are bonded to a coupling plate 17. The coupling plate carries on
the one side the transducers 15 and is bonded to the silicon resonator plate 13 on the
other side. The coupling plate 17 is specifically formed so that transducers 15 and
resonator plate 13 enclose an angle of 25°. The coupling plate is made of meta] (e.g.
aluminum, stainless steel), glass, oxide ceramic (e.g. aluminum oxide), non-oxide
ceramic (e.g. silicon carbide), or crystal {(e.g. sapphire, quartz),

[00473 The sixth embodiment of the invention shown in Fig. 6 is based on the fifth em-
bodiment: however, the coupling plate 18 is formed so that transducers 15 are arranged
parallel to the resonator plate 13, Alternatively the coupling plate 18 can be emitted
and the transducers are bonded directly onto the silicon resonator plate. Suitable
adhesives for bonding transducers to a ceupling plate or to a silicon resonator plate are

organic resing (e.g. epoxy resins) or sinterable or vitrifiable inorganic materials (e.g.



[0042] Medium (liquid or gas), which is introduced through the first
medium supply M1 thus is forced to flow through the central hole 5 of the
liquid guiding plate even if the wafer W is not rotating. With this
embodiment the liquid level L does not have to he controlled because the
At easshe selected big enough so that all liquid introdugeg k{83 453768
media supplies M1 and/or M2 can be easily drained. [0043] The third
embodiment of the invention shown in Fig. 3 is based on the first em-
bodimi&nt-but with the following deviations. An intermediate liquid guiding
plate is omitted. Thus there is only one single gap G4 between the
plate-like article W and the resonator plate 11. [0044] Treatment liquid
can be introduced into the treatment tank through a first media supply M1
and drained from the treatment tank through a drain D located on the
opposite part of the sidewall of the treatment tank 3. Thus liquid flows in
the gap G4 across the plate-like article W from one side of the edge to
the opposite side of the edge. Ultrasonic energy is introduced to the
treatment liquid through the silicon resonator plate 11 and applied to the
plate-like article's surface. [0045] The fourth embodiment of the invention
shown in Fig. 4 is based on the third em- bodiment; however, the liquid,
which is supplied from the first media supply is in- troduced through a
central opening 6 in the resonator plate 13. Liquid thus flows from the
center to the edge of the plate-like article W. With this embodiment liquid
level control is not necessary. [0046] The fifth embodiment of the
invention shown in Fig. 5 is based on the fourth em- bodiment; however,
transducers 15 are not coupled to the resonator plate 13 via a coupling
liquid C but are bonded to a coupling plate 17. The coupling plate carries
on the one side the transducers 15 and is bonded to the silicon resonator
plate 13 on the other side. The coupling plate 17 is specifically formed so
that transducers 15 and resonator plate 13 enclose an angle of 25. The
coupling plate is made of metal (e.g. aluminum, stainless steel), glass,
oxide ceramic (e.g. aluminum oxide), non-oxide ceramic (e.g. silicon
carbide), or crystal (e.g. sapphire, quartz). [0047] The sixth embodiment of
the invention shown in Fig. 6 is based on the fifth em- bodiment; however,
the coupling plate 18 is formed so that transducers 15 are arranged
parallel to the resonator plate 13. Alternatively the coupling plate 18 can
be omitted and the transducers are bonded directly onto the silicon
resonator plate. Suitable
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adhesives for bonding transducers to a coupling plate or to a silicon
resonator plate are organic resins (e.g. epoxy resins) or sinterable or
vitrifiable inorganic materials (e.g. WO 2007/128659 PCT/EP2007/053768
8 glass). 9 MCSLLP Claims [0001] Device for wet treatment of plate-like
articles comprising 1.1 a first plate 1.2 holding means for holding a single
plate-like article substantially 5 parallel to said first plate, 1.3 first
dispensing means for introducing liq&is® a first gap between said first

plRiejand aplatefisReticlesubenpeing eatedonbersiniigfrst plate is a
silicon plate, which consists of at least 99 wt% of silicon, the silicon plate
being in contaceWith tﬂét%reatment liquid, when the 10 plate-like article is

treated, whereimdng dememiushancenansisasiabieasliepaMiiasanitntially
transducer acoustically coupled to at least the silicon plate, and the

ultrasonic BRAALE RIS fH_lS coupled to the silicon plate through a

coupling liguid. [RO0ZLAevise Accardindieciaihd TeiREREOMBASIRG between
rotating means._for rotating 15 said holding means and said first plate
ﬂ%ﬁi}

relative to BACHSHRFEHEH N BKSk e HL Beehgittar to said
first plate. $R03h Devivetgtenrdingtocelajmik WHeERI Bl ssil 0N RIS Wt of

made of single crystalline silicon. [0004] Device according to clajm 1

erein (BT Gl S o GRS S e s T when the
supply opehingiwhietidl fienmacd) thesiicor patee [AR0E) Devigéses at least one
according tg claim | with a resonator plate, which is coupled to.the

ot e e S e s R e gy, and
least one figuithras@ply tepedingr whichris figroveglinl thetisiictiogpl aletatddough a

wherein thur son t%ri(ﬁ)late is parallel arranged to the silicon plate
thereby formlﬁg & 29'¢€eond gap between the resonator plate and the

§iion platécand thepsdegrid criamis fpbet obtheivieatroeniiomichsufplyotating
path. said holding means and said first plate relative to each other about an axis
substantially perpendicular to said first plate.

[0003] Device according to claim 1 wherein the silicon plate is made of single
crystatline silicon.

10004] Device according to claim 1 wherein the first dispensing means comprises at
least one liquid supply opening, which is formed in the silicon plate.

[0005] Device according to claim | with a resonator plate, which is coupled to the
ultrasonic transducer, wherein the first dispensing means comprises at least
one liquid supply opening, which is formed in the silicon plate and wherein
the resonator plate is parallel arranged to the silicon plate thereby forming a

second gap between the resonator plate and the silicon plate, and the second

gap is a part of the treatment liquid supply path.

[0006] Device according to claim 1 wherein no opening is formed in the silicon
plate.
[0007] Device according to claim 1 further comprising a second liquid supply

means for supplying liquid onto the side of the plate-like article not facing
the first plate.

MCSLLP
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[0006] Device according to claim 1 wherein no opening is formed in the
silicon plate. [0007] Device according to claim 1 further comprising a
second liquid supply 30 means for supplying liquid onto the side of the

plate-like article not facing the first plate. MCSLLP 10 [0008] Device MCSLLP

according to claim 7 further comprising @& second plate, which is
substantially parallel to said first plate, whereby the second liquid supply

[Afé&ns intfdRiieesdiguibinato algap bemker cnpsetarispraredamarehehich is
plate- like ﬁfﬁ&ﬁw%gﬁgﬂg E@%@#B&Q&l%ﬁl&% ﬁ?ﬁ%@&% ﬁ&;ﬁlé'&ﬂp]piy

wherein the coupling liquid has a specific impedance Z differing less than
5% to the B5eBHiE FAgerarta or e aasphrérers e Soond]mmsieed the plate-

according fieclaimd whersiinihg ddfegsonic transducer is coupled to the
silicon plate so that the ultrasonic transducer and the silicon i)late 10

[8ATdse aarigrerar iyt stamolouhsemn thosetHieohaved hasstrirssilas

plate-like asticiascempligingisldsd halding @ gipglepliatadikeRricler e 2
bringing a first plate substantially parallel to said plate-like article 11.3
introducin§ FfIEThHS S dirst gap between said first plate and a 15

[p}ﬁt@}likﬁ @Bﬁi@evxb@nchﬁgwlg) EEE@H@QI,\Wféﬁ{ﬂiWFT@Qlﬂé‘lgs]bﬁi@lﬁ@a%s@}&igﬁgrboupied to
plate, which capsists of at least 99 wt% of _ silicon, the silicon plate bejng
in contact Wt & TrR4Hrh ?aﬁ%a,%f’éf’&w Eeduiesqad bastiven plate

transduceeiglacoustieqlly eauplegktofaseasiathe silicon plate, and the

g TR GO SCerEIRG 10rE e o WRGRRF irasonc

energy is applied tolihkliplaieiliké: aitaldittyattiiethe silicon plate. [0013]

thod s o A AL RISER UE RN AR AT B i

perpendicuilad to saithfirstyplateliquid into a first gap between said first plate and a
plate-like article when being treated,
wherein the first plate is a silicon plate, which consists of at least 99 wt% of
silicon, the silicon plate being in contact with the treatment liquid, wherein
at least one ultrasonic transducer is acoustically coupled to at least the
silicon plate, and the ultrasonic transducer is indirectly coupled to the
silicon plate through a coupling liquid.

[0012] Method according to claim 11 wherein ultrasonic energy is applied to the
plate-like article through the silicon plate.

[0013] Method according to claim 11 wherein the plate-like article and said first
plate are rotated relative to each other about an axis substantially

perpendicular to said first plate.



