*159159* APPARATUS AND METHOD FOR THE ALI GNVENT OF DI SKSHAPED SUBSTRA

The present invention relates to an apparatus and a net hod fo MWM““““.IIW‘L
alignnment of disk-shaped substrates, especially sen conductor

i ncl udes an alignnment detection unit. In the sem conductor industnsseto
manuf act ure sem conductor elenents 10 generally sem conductor disks, also

known as wafers, that are conprised of a single crystal, are subjected to
various treatnment processes. These treatnent processes are greatly

autonat ed, and bet vaaw AR YR | sks are
anamort a1 aAPARMLS ANSWLTBCI OIE T A CRMENE G Hisfi
In this connection, a centered pl -“ €—tUt-SRS upon the support
plates is inportant in order to ensure a proper positioning of the disks

in the various treatnment devices. In addition, the disks nmust be aligned
in accérdance withh ?H&reﬁﬂﬁts'fly\ent'ﬂ@lf?'aé?%/§@ AN PRPAiaYs andog an-‘ﬂ@dcfﬂitfgﬁl ng
as well as the alignnent of the disks is undertaken by alignnent

appar at us, whi ch alignmésbotidiskghaped sabstrbtesnespecisily semicorductor \ﬂbﬁegner,
which is shown by way of exanple in Figures 1la - d, a sem conductor disk
lis dep05| ted byaﬁdhﬁ]@ﬂes’lgn@ﬁ?nmngdew@ﬂﬁn%hnport pins 3 of the aligner.
The handling device is Liter Transl ation of Priority Doc DE 199 57
758,7 filed 01 Decenber 1999 - Otmar Gaf et al - Steag - AZ 3170 ~
*300002*

In the semiconductor industry, to manufacture semiconductor elements
10 generally semiconductor disks, also known as wafers, that are
comprised of a single crystal, are subjected to various treatment
processes. These treatment processes are greatly automated, and
between the treatment processes the semiconductor disks are
transported with handling devices, which are generally support plates.
15 In this connection, a centered placement of the disks upon the support
plates is important in order to ensure a proper positioning of the disks
in the various treatment devices. In addition, the disks must be aligned
in accordance with the axes of their crystal lattices. Both the centering
as well as the alignment of the disks is undertaken by alignment

20 apparatus, which are also designated as aligners.

With one known aligner, which is shown by way of example in Figures
11a — d, a semiconductor disk 1 is deposited by a handling device 2

upon support pins 3 of the aligner. The handling device is
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subsequent|ly noved out of the region below the wafer and the pins 2 are

| onered, as a result of which the disk is positioned upon the rotary
turntable 4, which is designated as a chuck. The rotary turntable 4 is
provi ded with an underpressure suction device in order to securely hold 5 -
the disk thereon. If the disk 1 is attached by suction, the rotary table 4
is rotated about its axis of rotation. During this rotation, a | ateral

di spl acenent of the disk relative to the axis of rotation is neasured with

Cem conduci or ai SRsqBfy 18I 5P BF S Eeqiof Bl 1hE Widfe! Hd the pins 2, 1

a horizontal directipn as ,a function_of .th asured di spl.acenent in order
Co center the di RTG BWETEqoat @ esult ofwhich the Aisk4s PasiioBeddiman, the totarydi sk
is again deposited upon the rotary turntable 4 in order to repeat the
above neasurement t%ﬂ&b&é, ahich is designatedag atchuicki skhel rotann buntabiedeised

relative to the rotary turntable 4. This process is repeated 15 until a
conpl et e cent eri npravidextwith\aedunderpeddute suctiom ddvdcerirasrdee te securelyt held
| ateral displacenent, the canera 5 is in a position to recognize a marKking

in thesformof a fiRCEBR thaveoh Iif tife lsROl Isnatwithad By SIétoh, tRs rétary RbRoAI ze a
flattened portion of the 20 edge of the disk 1, which is also known as a

flat, with the nojsc I ouldi ry dig; i of o t i sk.
After the afor errefr?t F%t%fe%{ a?Ee)H% Elisi ﬁé‘g ?ﬂeréﬂrag?g'r yﬁtlﬁirnﬁt g&fg{)ﬁ {bsn ’ raotlél{téé% in a
desired direction_ n order 2 _Literal Translation of Pri.ority Doc 9 57
758, 7 111 ed o1 DdlsREEEMRST e ik ypiateio e 3Ris ot eplatigh s foedinep wi
bring the marking into a predetern ned position. The positioning is

moni tored by the @af@M&rawhi cAhenBiNsaPsareiagain Jsadks iy Qrageador Frise ghe
nunber that is fornmed in the sem conductor disk and that has, for exanple,
the form of a bar seméicondustandisiel fromthentdary3ablecd candythespins @re caseed in
descri bed above is very conplicated and expensive, and since it includes a
pl uralipty of stepa hdridontdaleditection as epfiaictidn oft thesmelasaredetispladgent in

intensive, which results in a very low throughput. Furthernore, a

conpr ehensi ve sof hifdrQo icenfiFIRE Hkrelative to the rotary table 4. Subsequently, the
disk is again deposited upon the rotary turntable 4 in order to repeat
the above measurement process and to ensure that the disk 1 is now

centered relative to the rotary turntable 4. This process is repeated

15 until a complete centering is achieved.

In addition to the measurement of the lateral displacement, the camera
5 is in a position to recognize a marking in the form of a recess, which
is also known as a notch, or to recognize a flattened portion of the
20 edge of the disk 1, which is also known as a flat, with the notch or flat
providing the crystal direction of the disk. After the aforementioned

centering, the rotary turntable 4 is rotated in a desired direction in order

2
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10 the control of the various elenents, and also a suction device is
necessary for holding the disks on the rotary turntable, which
unnecessarily increases the cost for the apparatus. Due to nechani cal
novenents of notors or other conponents of the 15 unit, resonance effects
t hat produce vibrations can occur, due to which a disk that rests upon the
pi ns can be shifted and can thus influence the centering. A further
problemresults due to the suction of the wafer against the rotary

turntable, since gs e. t £t el L arg | e . .

envi ronment can bgo gﬁ%@?@%%ﬁ%ﬁ%%@%@&ﬂ'@% bgg'lt'f)ﬂe %@8&&@@@90'15 t he
waf er over a large surfa rea thereof,in the regjon of the suctjon
openi ngs, as showldn Oﬁcgﬁvz'ée fapesAdw fb_thgn@@% mlﬂtﬂ%‘i’é'ﬁ tfegdsdpe 1D
Priority Doc DE 199 57 758,7 filed 01 Decenber 1999 - Qtmar Gaf et al -
Steag - AZ.3170 wdmbgRithat i fernaed tini thet semicsaductesviiskrancytieat hgs, for

adversely affect the usability of the sem conductor disk. Fig. 12a shows
t he undersi de of example; dmeltartroof albakcotebartanamber sequénesaicti oned onto a
rotary turntable, and Fig. 12b shows the surface of the wafer after the
suctioging onto the rotary turntable. As can be seen in Fig. 12a, a small
anount of contam nation is found on the underside of the wafer and is

ST £8 oner THE, SbYen Hrtass, BB aRSuETE, vJ5 CABaREg O
DR ol oe oL ot ot AT i, P4k PR e Pt S0 "
repeated, it is also very time intensive, which results in a very low
throughput. Furthermore, a comprehensive software is necessary for
10 the control of the various elements, and also a suction device is

necessary for holding the disks on the rotary turntable, which

unnecessarily increases the cost for the apparatus.

Due to mechanical movements of motors or other components of the
15 unit, resonance effects that produce vibrations can occur, due to which
a disk that rests upon the pins can be shifted and can thus influence
the centering. A further problem results due to the suction of the wafer
against the rotary turntable, since as a consequence dust particles that
are in the environment can be suctioned on and which collect on the
20 surface of the wafer over a large surface area thereof in the region of

the suction openings, as shown in Figures 12a and 12b.
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Proceeding fromthe previously described apparatus, it is an object of 15
the present invention to provide an apparatus and a nmethod for the

al 1 gnnent of disk-shaped substrates, in particular sem conductor wafers,
whi ch use an alignnment detection unit and which, in a sinple and

econom cal manner, enable an alignnent of the substrate. In this
connection, an alignnent involves not only a spatial arrangenent but 20
al so a certain rotational arrangenment of the substrate. 4 Litera

G et o ° RSN A78 e GO Pl oo e e, ™

realized with an a, the aforepenti oned type by neans of at | east
one first supportuggt? 'tyrcgi'é‘?§ﬁﬁbcq $k-ate, which forns a plane that is
inclined relative to the horizontal, an abut ment agai nst which the
substrate is novable due 5 to the incline, and a rotation device for
rotating the substrate. Due to the inclined support, the substrate is

aut omat i cal | y novEig. i t2aoshows thei udersidiexefda pesniconductgridiait 1t befosdift isent .
Due to the rotation device, the substrate can now be noved into a

prescrikbed rot at eductRridioritd.a Mtaytuirtablel aAd Fig.bi2G Sisovie tHESIfdcelet et | on
unit. The 10 positioning and alignnment are effected in a single step and

require no  conpl W%?éreéﬁ Erﬂctl%lnbaédtB‘fﬁe% rﬁtabT?atAgsI cgér?bpas&en in

suctioning of the “sub e 'S

during the rotati not SSIb| ue to.the inc n_and the
abutment . As a reEW (123 ASmALamaling ﬂpeaagpma%%@&éoanﬁoorﬁﬁ\enuecﬁﬁq’s@’é&ff on
device are elimnated. 15 Pursuant to one particularly preferred enbodi nent
of the invention, the wafer and issdistriRqted vepthe gatitg serfage. oHawrver agcan
support relative to the horizontal in order to enable a placenent and a

renoval of the sbhedgecegmized infrigstantdua to theosuctioning op e seoviconsiictor
result of which the 20 apparatus can be easily integrated into existing

syster® in whi ch diskndl lange dewnbes afepartialesy colidal dhetheubatiemids and in
hori zontal positions. It is not necessary to alter the previously used
handling devices. particular in the region in which the suction device of the rotary

turntable suctions the disk 1.

Proceeding from the previously described apparatus, it is an object of
15 the present invention to provide an apparatus and a method for the
alignment of disk-shaped substrates, in particular semiconductor
wafers, which use an alignment detection unit and which, in a simple
and economical manner, enable an alignment of the substrate. In this
connection, an alignment involves not only a spatial arrangement but

20 also a certain rotational arrangement of the substrate.
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Literal Translation of Priority Doc DE 199 57 758.7 filed 01 Decenber 1999
- Otmar Gaf et al - Steag - AZ. 3170 The first support preferably has at
lI'east two first support elenents that formthe plane and that enable as
free a novenent as possible of the handling device for the | oading and
renoval of the substrate. In this connection, preferably three first
support elenents, which forma three s point support, are provided. In order
during a relative novenent between the support elenents and the substrate

to prevent damage t; : {0 Y %g pdyct i

particles, the suggg%@hgltéﬁrg%t'é?é@{ﬂ’ g%'étoqi%&t ﬁgrtegh p%&\{'ﬂ.'r éélﬁérgﬁf"é of
provided with a terial having,low friction, especially Teflon. Da e to
the substrate duF&Wgai@eg‘q\\é‘loagfjvaﬁol%r@ﬁ?n%éﬁvée@aﬁLé)yr@uﬁfﬁgr%uP& ts
and the substrate can preferably also be avoided by rounding off the
support region of reqeiviag Hhe subsirates Mhich faymsaa gdarne thatdarreingdorelativevtei d a
rel ati ve novenent between the 15 substrate and the abutnment during the

tilting of the fithethoiggnial antabeitmbat againsi whichdhesabkiratd isambvatilaklue. The
abut ment preferably has at |east two abutnent pins that are spaced from one

anothes in order {oothd incitAs! amdial iotdtioh Hevieb \fer rdtating s lsabstrafeer Phatigeen
and to ensure a fixed spatial positioning of the substrate. 20 Pursuant to

a particularly pr r; L ABN f Loventi e n f .t he
abut nment pins is ﬁe?é@(ggllegvgggbgﬁ? gg%l ?G%?qrd\/t\gi %htaltuﬁ;e}n%ﬁial"&eﬁﬁveﬁr E’H‘% gt i on
of Priority Doc I:)Epg’(?as?lySﬁxgdIS 8po7sitfo'r! ea%a?nlst %%eggg{m&r?tgg [_)ueCI tton?l{e cr;E){Elaftio(?lt al
- Steag - AZ. 3170
device, the substrate can now be moved into a prescribed rotated
position, which is detected by the alignment detection unit. The
10 positioning and alignment are effected in a single step and require no
complicated control of various elements. Therefore, a suctioning of the
substrate is not required, since a lateral sliding during the rotation is not

possible due to the inclined position and the abutment. As a result, the

cost and problems associated with the suction device are eliminated.

15
Pursuant to one particularly preferred embodiment of the invention, a
device is provided for the tilting of the first support relative to the
horizontal in order to enable a placement and a removal of the
substrate in an essentially horizontal position, as a result of which the
20 apparatus can be easily integrated into existing systems in which

handling devices generally hold the substrates in horizontal positions.

it is not necessary to alter the previously used handling devices.

5
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substrate resting thereagainst can be rotated in a particularly
straightforward manner. For a good and uniformrotation of the substrate,
and to avoid relative novenents between the abutnment pins and the
substrate, the abutnent pins are preferably rotatable 5 synchronously
relative to one another. This is preferably achieved by mneans of a common
drive elenent, such as, for exanple, a conmmon drive belt that is in
engagenment with the abutnment pins. In order to enable a precise alignnent

of in particular ey Sit i ' t ra t he rotatiqn
devi ce can be con?P%lfe@aﬁla@%g ﬁ%&%’%ﬂ%&% 8{ L%?giﬂ‘ﬁﬁﬁﬁ%trﬁt}@é’ﬁe‘?'ﬁmﬁﬁs &hyaqt he
detection unit. Pursuant to a particul S[I%%?referred enbodi nent, of the

i nvention, the sﬁ’éﬁb Rlppgandsthat gnable &g res @ mavemgniaspessibleRfdbe on a
comon 15 plate, which is preferably tiltable. Pursuant to a further

enbodi ment of t hehandling devicetfae the feadingiandaremoval ef dhe sibspata., Intthish
forms an essentially horizontal plane, for receiving the substrate. In
this connection, tornddtion peafaratinethree dinst P poupgienientsynehiph édren akthyee-
novabl e relative to one another in order to transport the substrate from

one sugport to t_h?pi‘ht hgtipport) dareO pFavididd.t Ny oPdS dUAhE & Nrebativiel pidvaiméntt  of
a horizontal position into an inclined 7 Literal Translation of Priority

Doc DE 199 57 758 ' 0 ﬁ%q.p - = -
AZ. 3170 positi onpg%éeérgfe?‘go%u su%@ﬁ”&g%ﬁgﬁg%%g@%@ P'geé{seﬁ{ g\?\/@%bggtgnd
support elenments that formthe horizonta | an nd that preferabl ave
rounded support s a&%@tfé?ﬁ %’P%B? R:fﬁY?nghzpr@cﬁ{cﬁ% ‘#DWHE(?? %[')Pet Qﬂn
substrate and support elenents to avoid damage to the 5 substrate agai nst
edges of the supp8ements ahieast inthe sypred rggian Argmreviogdr Witk moatesalt of
the invention, the second support elements are enbodied to be stationary.
In this connecti ohavingHewsfactionl especially Eeflone nDamages teor thiel sulsstrtate diuringough
openings in the

10 a relative movement between the support elements and the substrate

can preferably also be avoided by rounding off the support region of

the support elements.

For a good guidance and to avoid a relative movement between the
15 substrate and the abutment during the tilting of the first support, the
abutment is preferably also tiltable. The abutment preferably has at
least two abutment pins that are spaced from one another in order to at
least partially receive the substrate therebetween and to ensure a fixed
spatial positioning of the substrate.
20
Pursuant to a particularly preferred embodiment of the invention, at

least one of the abutment pins is rotatable, as a result of which the

6
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10 plate on which the first support elements and/or abutnent pins are

nmount ed. Pursuant to an alternative enbodi nent, the second support el enents
are novable with the plate and relative to it in order during the tilting
of 15 the plate to enable a transfer of the substrate fromthe second
support elenents to the first support elenments and vice versa, with as | ow
a level of relative novenent as possible between the substrate and the
second support elenments. Furthernore, in this way it is possible to

achi eve that the e secgon u t, elenen way's
extend essenti al | 5‘“@@5 Z#éti@caﬁnggﬁé#ﬁstsu a& OF&?{%* s'hbrsg3 ré%@i.%gla?& this
connection, the sutp‘;i).omT el enents are preferabl biésed in a aij rec i%n away
from the subst rat 8TAGhHPMEAIG manner o Y¥n3,008H; 8Rd : Ynifsm pptation o theg. 7
filed 01 Decenber 1999 - Otmar G af et al - Steag - AZ. 3170 |In order to
enabl e an aut orat $4bsitRipt and & ayeid: nelatiyri avementshrivgendhetabuimest pinses
havi ng different dianmeters, the apparatus is preferably provided with a
devi ce for neasurand the substratef ethd aatmitenent Tpinss anpagreferablywaetatalble
abutnment pins is preferably adjustable as a function of the substrate

di amet gr i n or der syicHrBhoudip Yelativé ¢dioriecaothef.e ThieisPoreiféraly Achieled g
center point of the substrate that remains uniformfor substrates having

different dianete 0 r tQ di (o} i nyent [y}
order to provide g]%arn%t%ff#gﬁ\'@ﬁa?ﬁgwgu gﬁ@?’eélﬁgg?’i frogté}%mp%%‘r? deqqﬂnr?ghts
are rotatabl e aboyt. a n.center point.that preferably coincides with
the center point f'VePﬁﬁ?@nﬁ;ﬁém e%%g?rﬁe p‘P’B‘P@P? 8ﬁu§qeqt}pén$/.i rst support

el enents, a relative novenent between the substrates and the support

el ements is 15 avoided during the rotation, thereby reducing the danger of
damage to the substrate. In this connection, the first support elenents
are preferably dirspusiesdo enablerapmrcise alighmanhof inWastieulsub srysiakdirectionng
different substrate dianeters are present, the 20 center point of the
substrate i s posi bdf theesubstratef frer mtatidrodevicercandbe icoptrolled as a function of

an alignment determined by the detection unit.

Pursuant to a particularly preferred embodiment of the invention, the
support elements and/or the abutment pins are disposed on a common

15 plate, which is preferably tiltable.

Pursuant to a further embodiment of the invention, the apparatus has a
second support, which forms an essentially horizontal plane, for
receiving the substrate. In this connection, the first and the second
20 supports are preferably movable relative to one another in order to
transport the substrate from one support to the other, and to bring the

substrate in particular out of a horizontal position into an inclined

7
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the alignnment to the extent that a uniform positioning of the center point
via an adjustnment of the abutnment pins as a function of the substrate 9
Literal Translation of Priority Doc DE 199 57 758,7 filed 01 Decenber 1999
- Otmar Gaf et al - Steag - AZ. 3170 5 diameter is not effected. In order
therefore to ensure a centered accommodation of the substrate upon a
substrate-handling device after the alignnent, pursuant to one enbodi nent
of the invention the novenent of the handling device is controlled as a

function of the sybbrat ol SUEAGS < Bk BRlteldbi? Hall LPEa g RAg! LB oO"

t he i nvention, ntering ween s handl'i ng els
achieved by a unit for the synchronous, noyenent, of the first or second
support as a funcﬁ‘%o%feqﬁ'@ef‘#e?@q}b@ma#? épgﬁg@t@ﬂplqr}? ?tE'dd@]‘%d?re?ﬁr?B@ t he
tilting back of the first support a precise positioning of the substrate
center point, whi BAve ferpded SuRPedr svfagess b ofdealt dérinth@ rejative Mapvament

di aneters, is achieved so that a special control of the handling device is

el i m nated. 15 Thbetwgaittsubktratee gnde sappoitnelenients tos asbisio daerdgez dd the a
met hod of aligning disk-shaped substrates, in particular sem conductor

waf erss by novi nguibsteate Hyinstletigesto? tife BOSpHIrt Berméi@s. i S inclined relative
to the horizontal, by receiving the substrate on a support that forns a

plane that is tilted relative to the horizontal and due to the incline
rests 20 against at |east one abutnment, and rotating the substrate into a

or edeter i ned, " BURLERh & SRS ek SRR b1 e MRS e
l__ ! tOte{ ?rlar TE;‘E‘ Qfs | 2% ! gﬂp&@%%é@%‘g%q@%d%eg tg) Z)e755tgtign£rlyl. an (t)t%ls %%%%rgc):tei(gn,lggg

the second support elements preferably extend through openings in the
10 plate on which the first support elements and/or abutment pins are

mounted.

Pursuant to an alternative embodiment, the second support elements
are movable with the plate and relative to it in order during the tilting of
15 the plate to enable a transfer of the substrate from the second support
elements to the first support elements and vice versa, with as low a
level of relative movement as possible between the substrate and the
second support elements. Furthermore, in this way it is possible to
achieve that the support surfaces of the second support elements
20 always extend essentially parallel to a support surface of the substrate.
In this connection, the support elements are preferably biased in a

direction away from the substrate.

8
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the apparatus, and in particular a straightforward and econom cal alignment
of substrates in a tinme saving, single sequence of steps. Pursuant to a
preferred enbodi nent of the invention, the 5 substrate is noved into the

i nclined position by noving, especially tilting, the support, as a result
of -which the substrate can initially be deposited on the support in an
essentially horizontal position, as was the case with the previous
apparatus. This results in a good conpatibility of the inventive apparatus
Wi th existing substrate-handling 10 devices for the transport of the
substrate to and fromthe inventive apparatus. To ensure a good gui dance

of the substrate,, and tq reduce _a [ Iat verre between t.he substrate
and ot her el enment E‘ © dr’?éqgtﬁﬂ?ﬁ% agrﬁi" orfg 'Fﬁéjagg‘iﬂ%% th r '%mqur%mqay ved
in common. 20 For a sjnple rotation _of the substrate, it is referablly
rotated by rotatiifySubstrategshadne diffeent iaretarenthe, APPAERtHS S rsRterably ¢ hi s
connection, for as uniforma rotation as possible, preferably two
spaced- apart abuprosidec:ivitreat device footraeasuringl the tspibstrater aiarateron Toe
Priority Doc DE 199 57 758.7 filed 01 Decenber 1999 - Otmar Gaf et al -
Steag 5 AZ. 3170 spacing between the abutment pins is preferably adjustable as a
function of the substrate diameter in order in this way to achieve a
precise positioning of the center point of the substrate that remains

uniform for substrates having different diameters.

10 Pursuant to one embodiment of the invention, in order to provide a
rotation of the substrate the first support elements are rotatable about a
common center point that preferably coincides with the center point of
the wafer. Due to a rotation of the first support elements, a relative
movement between the substrates and the support elements is

15 avoided during the rotation, thereby reducing the danger of damage to
the substrate. In this connection, the first support elements are

preferably disposed on a rotatable element.

Where substrates having different substrate diameters are present, the
20 center point of the substrate is positioned in different locations during
the alignment to the extent that a uniform positioning of the center point

via an adjustment of the abutment pins as a function of the substrate

9
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The rotation of the substrate is preferably controlled as a function of an
al i gnment of the substrate determ ned by the detection unit in order to
ensure a proper and precise positioning of the substrate in the direction
of rotation. 420X5 The dianeter of the substrate is advantageously
determ ned, and pursuant to a preferred enbodi nent of the invention the
spaci ng between the abutnent elenents is adjusted as a function of the

di aneter. This enables a precise and uniform positioning of a center 10
oint of the subs | n Ofj i [ . r,t d a
Iroel ative novenent B%ﬁ@v\(gmgterﬁcg gﬁ%étteériat el,\naén © ﬁgggéﬁ%o}é Tbrﬁ'ijgg 2 sﬁéf(r%tde S
referably rotated by neans of rotatiqgn of the ort. Purspyant to one
Erbodi ment of & heRreRERERaRon o s, SuBsteate pon.a SuBsBE andibo s ie e
device is controlled as a function of the dianmeter of the substrate in
order to ensure ath€erdlighgenicPstisnant forrng emeodimeandt ehitthe investiemttheo a
further enbodi nent, the centered acconmodation is achieved by

synchronousl y novinoyententsofpthe handlirgreleviceois cbetrblledtasoa fohctible ofethend
support in one direction, as a 20 function of the substrate dianeter, after
the tibkting back efibdthteldisibtersupport. 12 Literal Translation of Priority
Doc DE 199 57 758.7 filed 01 Decenber 1999 - Otnmar G af et al - Steag -
AZ. 3170 5 10 15

Pursuant to a further embodiment of the invention, a centering between
substrate and handling device is achieved by a unit for the
synchronous movement of the first or second support as a function of
10 the substrate diameter. In so doing, after the tilting back of the first
support a precise positioning of the substrate center point, which
remains uniform for substrates having different diameters, is achieved

so that a special control of the handling device is eliminated.

15 The object of the present invention is also realized by a method of
aligning disk-shaped substrates, in particular semiconductor wafers, by
moving the substrate into a position that is inclined relative to the
horizontal, by receiving the substrate on a support that forms a plane
that is tilted relative to the horizontal and due to the incline rests

20 against at least one abutment, and rotating the substrate into a
predetermined rotated positioned that is monitored by a detection unit.

This results in the advantages already mentioned in conjunction with

10

Literal Translation of Priority Doc DE 199 67 758.7 filed 01 December 1999 - Ottmar Graf et al — Steag - AZ.3170



20 Further features, advantages and details of the invention wll be

expl ai ned subsequently with the aid of enbodinents with reference to the
figures. The drawi ngs show. Figs. 1 a and b a schematic side view as wel |
as a top view upon an apparatus pursuant to the present invention; Figs.
2a-and b a schematic side view as well as a top viewsimlar to Fig. 1,
with a sem conduct or wafer placed upon the apparatus; Fig. 3 a schenmatic
side view of the apparatus of Fig. 2a in a starting position; Fig. 4 a

schemati ¢ side vi e YpphliugPRAGAS ljflspé?{lClﬁé? a ‘?Stﬂdbl‘flforﬁlecf n%\d tddohBthical

position; Fig. 5 op VI ew upon the "apparatus 1n positiron; Fig.

6 hemat |1 yst I at f duct bst r at h di f f t
i amtora ag t e EENC) s SRR s Haying Sk SRauchcn REstERSent | ve

apparatus; Fig.7 a schematic illustration of sem conductor wafers having
different dianeters, as they rest against a novable abutnent pursuant to
the inventive apparatus; Fig. 8 an enlarged illustration of an inventive
appar at us pursuant toPErg;Janl tol3a Lpreéeredd Terabediatern obf thBr iimvertipnPathe DE
199 57 758.7 filed 01 Decenber 1999 - Oitmar Graf et al - Steag - AZ. 3170

5 substrate is moved into the inclined position by moving, especially

tilting, the support, as a result of which the substrate can initially be

deposited on the support in an essentially horizontal position, as was

the case with the previous apparatus. This results in a good

compatibility of the inventive apparatus with existing substrate-handling

10 devices for the transport of the substrate to and from the inventive

apparatus.

To ensure a good guidance of the substrate, and to reduce a relative
movement between the substrate and other elements, the support and

15 the abutment are preferably moved in common.

For a simple rotation of the substrate, it is preferably rotated by rotating
at least one abutment element of the abutment. In this connection, for
as uniform a rotation as possible, preferably two spaced-apart

20 abutment elements are rotated.

11
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5 10 Fig. 9 a schematic side view of an alternative enbodi nent of an

al i gnnent apparatus pursuant to the present invention; Fig. 10 a schematic
side view of an apparatus pursuant to Fig. 9 in a tilted position; Figs 11
a-d schematic side views of a conventional alignnment apparatus

I ltustrating the operating sequence of the apparatus; Fig 12 the results
of a surface scanning prior to and after an alignnent process on the
conventional alignment apparatus. Figures 1 a and 1 b show a schematic

si de. view and 2 Lofe bion GIRESLEYEAE §prafRrab) Uohtiifed Aol Phrilien HraAn e

of di sk-shaped 15 sem conductor wafers e apparatus 10
has a plate 14 whjch. _a .11 _he described subsequent.l can.be tilted.
The plate 14 hasal’%rggnngheofb@ﬁt 3 féerpﬂﬁ?&&\/ﬁgﬁod%ﬁé%%wnw Bﬁqeﬂetpow
through the plate 14. Three support pins 18 extend through the openjings 16
in the plate 14 afBSWec REQRAT&Nd presisgRasitiqning gt the sitpsirate inpihe direction
support pins 18 forma three-point support having an essentially

hori zont al suppor of fgitatien.f or recei ving the seniconductor wafer 12, as can
be best seen in Fig. 2a. Di sposed on an upper side 14 Literal Transl ation

of Priority Doc DE420R557 758.7 filed 01 Decenber 1999 - Otmar G af et al
- Steag - AZ. 3170

The diameter of the substrate is advantageously determined, and
pursuant to a preferred embodiment of the invention the spacing
between the abutment elements is adjusted as a function of the
diameter. This enables a precise and uniform positioning of a center
10 point of the substrate independently of its diameter. In order to avoid a

relative movement between the substrate and the support, the

substrate is preferably rotated by means of a rotation of the support.

Pursuant to one embodiment of the invention, the movement of a
15 substrate-handling device is controlled as a function of the diameter of
the substrate in order to ensure a centered accommodation of the
substrate. Pursuant to a further embodiment, the centered
accommodation is achieved by synchronously moving the support
elements of the first or of the second support in one direction, as a
20 function of the substrate diameter, after the tilting back of the first

support.

12
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20 of ‘the plate 14 are three Teflon disks 22 which, as wll be described
subsequently, serve as support elenents for the sem conductor wafer 12
when the plate 14 is tilted relative to the horizontal. Instead of the
three pins 18 and the three disks 22, it is also possible to respectively 5
provi de two el ongated el enents that forma support plane and permt a
reliabl e support of the wafer. Furthernore provided on the plate 14 are two
rotatabl e abutnment pins . 24. The abutnment pins 24 are rotatable via

anon-illustrated gyiNgr fé&%héﬂbéﬁ?ap%eéﬁgyﬂéﬂ%ﬂstw the ”ﬁv@ﬁﬁon will. be.

i nterconnected via a common drive beFt to achieve a synchronous rotation
of the two pins. Fig..3 shogws a schematic si,de view of the. ratus 10
with a vafer 12 Braained siRsesRentl Wit the did T Subedimentsiuli fiaiEnts oo
upon the 15 support _pins 18, and the plate 14 has a horizontal
orientation. Fig.the idides. tThe HPWINGRSROWO in a different position. The
plate 14 is tilted relative to the horizontal, so that the wafer 12 no

| onger rests upohigshdasnakh onaaschematictsiqe viewlds welltas atdviewpapon lae
Tefl on disks 20 22 and is therefore also in an inclined position. Due to
the insline, and as a result oappdratdspirsubnttofttélpresdtdnventivn;frictional
resi stance, the wafer 12 slides against the abutnment pins 24 and is
centered between L Tra b Of i B R AU Tk i P 7
filed 01 Decerrberﬁ%ggghfg%?rraragcg?hgﬁcgld?wé%gs WQ@A%.S%%QQI{%%%%%J can
be best seen in the top view of, Fj . [ S. i L e t t
pins 24 are rotated in order totor g&atﬁ ng %\g%@@ugt)o&%afe?splaggﬁtﬁﬂ
axis, as can also be best seen jn the top viewof Fig. 5. 5 1t is known

t hat semiconduct or wafers gener Q€ 8PRUI™Sa mark, which is also known as a
notch, or a flattened portion, which is also called a flat, wth the aid
of which the crysFig 3direction afschamafigrside vigw pbthejappanatusedf Fiph@a in
apparatus 10 has anon-illustrated sensor device, such as, for exanple, a
canerd0or a CCD scanner or i nage statingipositionhat is in the position to
recogni ze a marking of the wafer and to determ ne the position thereof
during the aforenpg.iqoned rot ata%eh@ﬁqa!tib%idm‘ewoﬂ*hetﬁppérau@ecsrtr_ri?! 3aies. In
order to achieve a desired crystal alignment of the wafer 12, i{s rotation
is controlled in such a way thaéec&ﬁ@tiﬁ@&'ﬁbeﬂioﬂf the wafer is rotated into
a predeternmined position that is ’ '

Fig. 5 a top view upon the apparatus in its tilted position;
Fig. 6 a schematic illustration of semiconductor substrates
15 having different diameters, as they rest against a

non-movable abutment of the inventive apparatus;
Fig. 7 a schematic illustration of semiconductor wafers
having different diameters, as they rest against a
movable abutment pursuant to the inventive
20 apparatus;
Fig. 8 an enlarged illustration of an inventive apparatus

pursuant to Fig. 1;
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15 recogni zed by the sensor device. The rotation is therefore controlled
with the aid of the position of the marking determ ned by the sensor. If
the marking is in the predeterm ned position, the sem conductor wafer is
aligned not only spatially but also relative to its crystal 20 direction.
The plate 14 is nowtilted back, as a result of which the wafer 12 is
agai n placed upon the support pins 18. The wafer 12 is now disposed in a
preci sely determ ned position upon the support pins 18 16 Literal

Transi ation of Prigrigly Doc DF 19%:80.fa8de mewgf 04 JRGEIRR cB3irse R L 1o

Gaf et al - Steag AZ, 3170 rsalso all st al

direction. For the rem)val of P bstrate 12 substra£&2 ndl in
device is noved under the wafer© 3B ?&Qn&ﬁm %PR/?&? UShRYrsugan @ d¥es

wafer in a centered manner and transports it away for the further
processing. 5 Wth the previ ousiYealé®tri bed enbodi nent, the abutnent pins
24 are locally fixed upon the plate 14. If sem conductor waf ers havi ng

di fferent di aneteFig.d0e pl aced apchetaticegigandéw ofldh appaeates prmdsatguent |y
aligned, the center point of the respective wafer is 10 | ocated at

di ffergnt positions, as can be pigen if atiied pbsifon; Wth wafers having

smal | er dianeters, the center point of the waf er s approaches cl oser to a

straight line Atp es tthéi'ﬂ%i‘n Ry r

preci sely determ ng%t i amet er 0 %ihg gr anog é:z:r?ﬁeﬂl&é? % en er
point, after the orlent ation, 5#1%&] asur nt of the dfl nmet er
is provided. This function is c%? f oUPS‘i!Sé eaPPﬁ Gt SEAHGNCH,© l'|

for exanple, by a canmera or CCD i mage sensor. A length scale on t he pI at e
14 is read by the canera or CCOPRPRA@E!Sensor, as a result of which the

waf er di anmeter is_known. The novenent of the
Fig 12 the results of a surface scanning prior to and after

10 an alignment process on the conventional alignment

apparatus.

Figures 1a and 1b show a schematic side view and a top view
respectively of an apparatus 10 for the alignment of disk-shaped
15 semiconductor wafers 12 (see Fig. 2). The apparatus 10 has a plate
14 which, as will be described subsequently, can be tilted. The plate
14 has three oval openings 16 that extend upwardly from below
through the plate 14. Three support pins 18 extend through the
openings 16 in the plate 14 and are secured to a non-illustrated base
20 plate. The support pins 18 form a three-point support having an
essentially horizontal support plane for receiving the semiconductor

wafer 12, as can be best seen in Fig. 2a. Disposed on an upper side

14
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20 handling device for the renoval of the sem conductor wafer is
controlled as a function of the thus-determ ned dianmeter, so that it 17
Literal Translation of Priority Doc DE 199 57 758.7 filed 01 Decenber 1999
- Otmar Gaf et al - Steag - AZ, 3170 always receives the wafer in a
precisely centered manner. O course, other ways for determ ning the wafer
di aneter are also possible. Fig. 7 schematically shows an alternative
enbodi ment of the invention, 5 according to which essentially the sane

t t f
FOTRe ATy Pt B Vo, e AP 7t 50 GRlotB 5
ol 18 30 28 0 LT e St S
is illustrated by a 10 filled-in point, to a second position, which is

illustrated by a ¢2when the plate 1ﬂd§§llﬂ9ldefeﬂaiwleef@emﬁé“@&ﬁn&ﬁjndﬂéteé\d okther s

having different dianmeters in such a way that their center point always
lies in the sane thwee tpins18FRud thehihsee diskss2?, it s also qpssible o essEactively
determ ne the dianeter of the wafer and subsequently to nove the abut nent

pins lgterally sopidiide i elongatsd elensnts that fokme sumsdrt Bla‘heréﬁd peHAiPa a
predet erm ned poi nt This results in the advantage that the

substrate-handlin QB}@ %@ﬁtﬁpoﬂh\@%ﬁ be noved into the same position,

i ndependent |y of aneter in order to receive the wafer in a
centered manner. Further nore, this enables a centering of the wafer

relative to the Teflon supports 22 20 independently of the wafer dianeter.
In this connectiop, .jt is possgj) e to arrange the Tefl on supports 22 in

such a way t hat tﬁé?hﬁ"@mﬁp%ﬁw ed.pn the platecT4.arg Byvo fefatable Abyment pins

coincides with the center points of the 18
24. The abutment pins 24 are rotatable via a non-illustrated drive

10 mechanism, whereby the two pins are interconnected via a common

drive belt to achieve a synchronous rotation of the two pins.

Fig. 3 shows a schematic side view of the apparatus 10 with a wafer 12
placed thereon in a starting position. The wafer 12 rests upon the

15 support pins 18, and the plate 14 has a horizontal orientation.

Fig. 4 shows the apparatus 10 in a different position. The plate 14 is
tilted relative to the horizontal, so that the wafer 12 no longer rests
upon the stationary support pins 18, but rather upon the Teflon disks
20 22 and is therefore also in an inclined position. Due to the incline, and
as a result of the fact that Teflon has a low frictional resistance, the

wafer 12 slides against the abutment pins 24 and is centered between

15
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Literal

- Otmar

Transl ation of Priority Doc DE 199 57 758,7 filed 01 Decenber 1999
Gaf et al - Steag - AZ 3170 wafers. Since the Tefl on supports

are di sposed upon a rotatable elenent, such as, for exanple, a rotary
turntable or a rotatable circular ring, the rotation of the wafer, and
hence the alignment of the wafer relative to the notch or flat, can be
effected via the Teflon disks. In this 5 way, in particular friction
bet ween the Tefl on disks and the wafer is avoided, since no relative

nmoverent between fhe. vaf ex- gcgegbgegmm&%\néa d?cwéé.@ ki ggﬁpémrﬂ{g; a

centering of the warer relatrve to a han
its dianmeter, i
the Tefl on disks

\ devi pend

aBufinerd FIER 24w efatedR e 7 Kt I HEREH neiou e

centered accommodation i s achieved by synchrgnously noving the support
el enents of the f¢erifal@xis,ps cascalng bebesisgeptn thamtapdewiofddgi dn, as a
function of the substrate dianeter, after the tilting back of the first

support.

Fig. 8 shows how the plate 14 of the apparatus 1 of Fig. 1 is

tilted back after an alignnment process. In the position showm in Fig. 8,

the waker 20 12 iR ip&khbwdl that sesidonairictdvafer generfally rraveud peark, whith 8 and
partially upon one of the Teflon disks 22. In this connection, during the

(151D vt gholey £ 8 g S AR TRUSER RICHARPRABER LD

Li teral

Transl ati

- Qtmar Gaf et ghp- 1l 638 of Which the crystal direction of the wafer can be

10

15

20

determined. The apparatus 10 has a non-illustrated sensor device,
such as, for example, a camera or a CCD scanner or image sensor
that is in the position to recognize a marking of the wafer and to
determine the position thereof during the aforementioned rotation of the
wafer about its central axis. In order to achieve a desired crystal
alignment of the wafer 12, its rotation is controlled in such a way that
the marking of the wafer is rotated into a predetermined position that is
recognized by the sensor device. The rotation is therefore controlled

with the aid of the position of the marking determined by the sensor.

If the marking is in the predetermined position, the semiconductor
wafer is aligned not only spatially but also relative to its crystal
direction. The plate 14 is now tilted back, as a result of which the wafer
12 is again placed upon the support pins 18. The wafer 12 is now

disposed in a precisely determined position upon the support pins 18

16
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"t'he encircled edge of the support pin 18 as well as the encircled edge of
the Teflon disk 22, since the wafer is pressed toward the right by the

‘abut ment pins 24. This can |ead to undesired particle formation as well as
scratching of the wafer surface. 5 Therefore, with anon-illustrated
preferred enbodi nent of the invention, the edges of the support pins 18 as
well as of the Teflon disks 22, or of their entire support surface, are
rounded of f, thereby achieving a rolling of the wafer on the pins and

and of the Tof | ont!itds SN EANRArclHR b ke Enstd) HREGRAD DL FeBBaL R

apparatus 30 for the align t of em conduct or wafers 32. The apparatus
30 has a base pl afhse st ‘['Tga pis{l.{bsf{pg-ga@%!n el Q@Oﬁ?é&*&sry\é)wafer
interconnected by a sw vel connection 15 37. As with the first enbodi nment,
rot at abl e abut nenfl2nfdichen way thatiif iegeives thaavaler in g eantedsl manngr @nd
rotatabl e about their central axis via anonillustrated device. First
support pins 40 atransportsait awaydodtreufuther ppocessitgy. 42 are furthernore

di sposed on the tilt plate 36. Three first and three second support pins
40, 42 gre provided, which respectively forma three-point support for the
sem conduct or wafer 32. 20 Literal Translation of Priority Doc DE 199 57

758,7 filed 01 De ; - - v

Samport pins 40 ctanga Raate!dkSPibed Smitifny (G Smefinily 9 4A°
to the tilt plate 36 Tk t_of th t_pins, 4 Latiye to th

L1t plate 36 s IoEANY e WM il ) Clicheulisiyttas WASE BRukSas. 4

that i's di sposed 8%0ve or . belowthe tilt plate 36 respectively. D sposed
between the | ower diffefent giameisss aate placedicHRPRether anparatus; 19 Ad e s a
spring 48 that biases the support pin 40 downwardly, i.e. away fromthe
seni conduct or waf subsEruently 8 .t thepioenter paintaob4be respeotive S9afienais i n a
first position of the tilt plate 36, as 10 shown in Fig. 9, is in contact
with a0 upper sidipcated abdiffesentpasitionds as candbsean dron g SBIPNYIKK wiiférs40
upwar dly against the tension of the spring through the plate 36. In this
first position thﬁévih? dras dahfders) the Tentét pbiRE of YRE AWAfeRd %?pf]t%dch%ﬁm an
that | ab rt' p

essentially horizontal' support plane I es ove a suppo ane
formed by the suppgetr fy £3tright line A that passes through the abutment pins 24.

In order to precisely determine the diameter of the wafer, and hence its
1_5 center point, after the orientation, a sensor for the measurement of the
diameter is provided. This function is carried out by the alignment
sensor, i.e., for example, by a camera or CCD image sensor. A length
scale on the plate 14 is read by the camera or CCD image sensor, as a
result of which the wafer diameter is known. The movement of the
20 handling device for the removal of the semiconductor wafer is

controlled as a function of the thus-determined diameter, so that it

17
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15 If.the tilt plate 36 is tilted relative to the base plate 34, the feet
50. of the support pins 40 nove away fromthe upper side of the base plate
34, and the support pins 40 nove away fromthe substrate due to the
spring tension. This novenent is limted by the upper limt disk 44, as 20
can be seen in Fig. 10. In this position, the support plane formed by the
support pins 40 lies below the support plane fornmed by the support pins
42, so that the substrate now rests upon the support pins 42. In 21 Literal

Transl ati on of PriQrd. iy, : LLle 99 - Ottmar
Gaf et al - St eagwd’}iz',e%%g% %I%gafgglsn???p&%c@?he%%reerlae@gﬂgﬁfdéﬁ? Cgog'j‘ﬁ%st

t he abutnent pins_38 and s, wth.the first enbodinent, is centered

bet ween t hem and ?@eél“fa(yﬁefa F deterppining ?‘B%Wag?féﬁ?%‘& rareglsg P@?S'B{%
alignment, the plate 36 is tilted back, as a result of which the feet 50
or the support pins 40 cone into engagenent with the base plate 34, and
the pins press against their spring tension in the direction of the

semni conduct or waf Big. I2schEmaticadly showsfan biermatipe emipdiment ofitree inventioled of f
so that during the tilting back they roll upon the base plate 10 and

prevens a cantingaefortiy 1 Whiok &éehtiall thesankd 2bmpdhentsl BFE pré\ided Wapor t
pins 40 are tilted along with the tilt plate 36, their support surfaces

are alvays paral | ghthltfe g $iRbBainieH: %gteagggigﬁmﬁ%éwahgeeq BbEfhettt o 2

pl acement of the wa upon only one pin e

i1 ting back. Al KBS e spuuRt efs FRkale ol Piskloning bt 14 8 af 6 ve

preferred enbodi ntﬁ, t he present invEntion is not limted thereto. In
particular, it i@glgimevatle. As & result ofia el srevenast ebtheabulment ¢ he
20 enbodi nent, as a result of which the sem conductor wafer would be
pl aced directly upds 2eutrefthedirgi pasition showpdn Fighe? suipipbiis illbistratetbby Bt i s
al so not absolutely necessary to provide a tiltable plate. An inclined 22
10 filled-in point, to a second position, which is illustrated by a circle, it is
possible to receive semiconductor wafers having different diameters in
such a way that their center point always lies in the same position. For
this purpose, it is again necessary to determine the diameter of the
wafer and subsequently to move the abutment pins laterally so that the
15 center point of the substrate rests upon a predetermined point. This
results in the advantage that the substrate-handling device can always
be moved into the same position, independently of the wafer diameter,
in order to receive the wafer in a centered manner. Furthermore, this
enables a centering of the wafer relative to the Teflon supports 22
20 independently of the wafer diameter. In this connection, it is possible

to arrange the Teflon supports 22 in such a way that they lie upon a

circle, the center point of which coincides with the center points of the

18
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Transl ation of Priority Doc DE 199 57 758,7 filed 01 Decenber
Gaf et al - Steag - AZ 3170 support plane can al so be achi eved
by a relative novenent in a vertical direction between the support
el ements. It
waf ers upon a stationary support device that forns a plane that is
inclined relative to the horizontal. In 5 this case, it would be neces
to provide a wafer-handling device that brings the wafers into the

is furthernore also possible to place the sem conductor

otfBBts o i kT paHE uppfs 37 BiFgs S L, o'tereae

particle-suction devic

| ded that i i cul [ e tilte
of the plate suctPERE f'lﬁg rﬁg:/ r?gé(amﬂﬁroé Bq;g?%é}ra%pgo[%nm%agleog

di recti on.

23 Literal Translation of Priority Doc DE 199 57 758.7 file

1999

sary
| em
state

rd
d 01

Decenmber 1999 - Oingmthecreiatien ofithe wafengand Aenge7be slignmentaflhecwafero 15

20

10

15

20

relative to the notch or flat, can be effected via the Teflon disks. In this
way, in particular friction between the Teflon disks and the wafer is
avoided, since no relative movement between the wafer and the disks

occurs during the rotation.

For a centering of the wafer relative to a handling device independently
of its diameter, it is also possible to linearly move the support pins 18

or the Teflon disks 22, i.e. the tilt plate.

In a further embodiment, the centered accommodation is achieved by
synchronously moving the support elements of the first or the second
support in one direction, as a function of the substrate diameter, after

the tilting back of the first support.

Fig. 8 shows how the plate 14 of the apparatus 1 of Fig. 1 is tilted back
after an alignment process. In the position shown in Fig. 8, the wafer
12 is partially- accommodated on one of the support pins 18 and
partially upon one of the Teflon disks 22. In this connection, during the

titing movement of the plate 14 a relative movement occurs between

19
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1. Apparatus (10;30) for the alignnment of disk-shaped substrates (12;32),
especi ally sem conductor wafers, with an alignnment detection unit,
characterized by at |east one first support (22;42) for the accommodati on
of the substrate (12;32), which forns a plane that is inclined relative to
the horizontal; an abutnment (24;38) against which the substrate is novable
due to the incline; and a rotation device (24;38) for the rotation of the
substrate. 2. Apparatus according to claiml, characterized by a device

(14;36) for the tjld bRgrdd telagg}‘afrtﬁ{;o peﬂré-&,(%a %)eur&é ﬁ%% éﬁci?&a&-'éfqgfehat

hori zontal . 3. Apparatus acco char a rrze

the first support, (22-4 t least two first support 22; 42)

that formthe pl aﬂ%{h 25. 'ﬁrf &S& TSHGE bFI epis Wﬁsﬁ?gg r}yg’VSt €758. 7

filed 01 Decenber 1999 - Otmar G af et al - Steag - AZ 3170 4. 55. 6.
abutment pins 24. This can lead to undesired particle formation as well

as scratching of the wafer surface.

Therefore, with a non-illustrated preferred embodiment of the invention,
the edges of the support pins 18 as well as of the Teflon disks 22, or of
their entire support surface, are rounded off, thereby achieving a rolling
of the wafer on the pins and disks. In particular, scratching due to the

10 edges of the support pins and of the Teflon disks is avoided.

Figures 9 and 10 show an alternative apparatus 30 for the alignment of
semiconductor wafers 32. The apparatus 30 has a base plate 34 and a
tilt plate 36, which are pivotably interconnected by a swivel connection

15 37.

As with the first embodiment, rotatable abutment pins 38 are mounted
on the tilt plate 36 and are rotatable about their central axis via a non-
illustrated device. First support pins 40 as well as second support pins
20 42 are furthermore disposed on the tilt plate 36. Three first and three
second support pins 40,42 are provided, which respectively form a

three-point support for the semiconductor wafer 32.

20
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10 7. .158. 9. 20 Apparatus according to claim3, characterized in that the
first support elenents (22;42) are provided at |least in the support
‘region with a material having low friction, especially Teflon. Apparatus
according to claim3 or 4, characterized in that the support region of the
support elenments is rounded off. Apparatus according to one of the
preceding clainms, characterized in that the support (24;38) is tiltable.
Appar atus according to one of the preceding clains, characterized in that
the abutnent (24;38) has at |east two abutnent pins (24;38) that are
spaced from one another. Apparatus according to claim7, characterized in

that at |east The support pins 40 extend through the tilt plate 60 and are movable

relative to the tilt plate 36. The movement of the support pins 40
relative to the tilt plate 36 is limited by an upper and a lower stop or
5 limit disk 44,46 that is disposed above or below the tilt plate 36
respectively. Disposed between the lower limit disk 46 and an under-
side of the tilt plate 36 is a spring 48 that biases the support pin 40
downwardly, i.e. away from the semiconductor wafer 32. The support
pin 40 has a base or foot 50 that in a first position of the tilt plate 36, as
10 shown in Fig. 9, is in contact with an upper side of the base plate 34,
and presses the support pin 40 upwardly against the tension of the
spring through the plate 36. In this first position that is illustrated in Fig.
9, the support pins 40 form an essentially horizontal support plane that

lies above a support plane formed by the support pins 42.

15

If the tilt plate 36 is tilted relative to the base plate 34, the feet 50 of the
support pins 40 move away from the upper side of the base plate 34,
and the support pins 40 move away from the substrate due to the
spring tension. This movement is limited by the upper limit disk 44, as
20 can be seen in Fig. 10. In this position, the support plane formed by

the support pins 40 lies below the support plane formed by the support

pins 42, so that the substrate now rests upon the support pins 42. In

21
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one of the abutnment pins (24;38) is rotatable. Apparatus according to claim
8, characterized in that the abutnent pins (24;38) are rotatable
'synchronously relative to one another. 25 Literal Translation of Priority
Doc DE 199 57 758.7 filed 01 Decenber 1999 - Otmar Gaf et al - Steag -

AZ. 3170 10. Apparatus according to one of the preceding clains,
characterized in that the rotation device (24;38) is controllable as a
function of an alignnment of the substrate (12;32) 5determ ned by the

detection unit. Il BB&fiBh thekafird2gided 894n8 thehsbutffene Birfd38 MM Bs
with the first embodiment, is centered between them and is aligned as

described previously.

5 After the alignment, the plate 36 is tilted back, as a result of which the
feet 50 or the support pins 40 come into engagement with the base
plate 34, and the pins press against their spring tension in the direction
of the semiconductor wafer 32. The feet 50 of the support pins 40 are
rounded off so that during the tilting back they roll upon the base plate

10 and prevent a canting of the pins within the tilt plate 36. Since the
support pins 40 are tilted along with the tilt plate 36, their support
surfaces are always parallel to the wafer surface, thereby essentially
precluding a placement of the wafer upon only one pin edge as well as
a relative movement between the support pins 40 and the wafer 32

15 during the tilting back.

Although the invention was described with the aid of preferred
embodiments, the present invention is not limited thereto. In particular,
it is possible to eliminate the support pins 18 and 40 of the
20 embodiment, as a result of which the semiconductor wafer would be
placed directly upon the Teflon disk 22 or upon the support pins 42. It

is also not absolutely necessary to provide a tiltable plate. An inclined

22
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"10 12.characterized in that the support element (22;42) and/or the
abut ment pins (24;38) are disposed on a common plate (14;36). Apparatus
‘according to claim1l, characterized in that the plate 13.(14;36) is
tiltable. Apparatus according to one of the preceding clains, 15 20
characterized by a second support (18;40) which fornms an essentially
hori zontal plane for the accommbdati on of the substrate.

support plane can also be achieved by a relative movement in a
vertical direction between the support elements. It is furthermore also
possible to place the semiconductor wafers upon a stationary support
device that forms a plane that is inclined relative to the horizontal. In
5 this case, it would be necessary to provide a wafer-handling device that
brings the wafers into the inclined position and deposits them upon the
support device. The problem of particle accumulation upon the wafer
is reduced in that a particle-suction device is provided that in particular
in the tilted state of the plate suctions off particles found on the wafer in

10 a downward direction.

23
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~14. Apparatus according to claim 13, characterized in that the first
support (22;42) and the second support (18;40) are novable relative to one
another. 26 Literal Translation of Priority Doc DE 199 57 758.7 filed 01
Decenber 1999 - Otmar Gaf et al - Steag - AZ. 3170 15. 516. 17. 10 18. 15
19: 2020.

PATENT CLAIMS

1. Apparatus (10;30) for the alignment of disk-shaped substrates

(12;32), especially semiconductor wafers, with an alignment
5 detection unit, characterized by
at least one first support (22;42) for the accommodation of the
substrate (12;32), which forms a plane that is inclined relative to
the horizontal,
an abutment (24;38) against which the substrate is movable due
10 to the incline; and

a rotation device (24;38) for the rotation of the substrate.

2. Apparatus according to claim 1, characterized by a device
(14,36) for the tilting of the first support (22,42) relative to the

15 horizontal.

3. Apparatus according to claim 1 or 2, characterized in that the
first support (22;42) has at least two first support elements
(22;42) that form the plane.

20
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" Apparatus according to claim13 or 14, characterized in that the second
support (18;40) has at |east two second support elenents (18;40) that form
't he horizontal plane. Apparatus according to claim 15, characterized in
that the second support elenents (18;40) are enbodied to be stationary.
Apparatus according to claim15 or 16, characterized in that the second
support elenents (18;40) extend through openings in the plate (14; 36).
Apparatus according to claim 15 or 17, characterized in that the second

support el enments (40) t.he i t : : .
relative to it. Aé’)'par aghgagggfég%:ﬁﬁéﬁﬁ@ t@lcfé{la' %éﬂé‘ﬁy@b%&@ﬁﬁ%} iﬁgﬁ'ﬁt t he
second support elenents (40 re bjased,in a diregtio ha; . faces a
fromthe substrate (32?‘.’6%'})?3%’?85{%%?@ REP t%Owﬁsd (ﬂr{ It@ﬁé* ] é@%tﬂ%’@o
clainms, characterized by a device for the neasurenent of the substrate

di aneter. 27 Literal Tregian atthoh metenalihaving lombirictien 1espesiallystefiort i | ed 01
Decenber 1999 - Otmar G af et al - Steag - AZ 3170 21. Apparatus
according to one of the preceding clains, characterized in that the

spaci ng between the abutment pins (24;38) is adjustable as a function of
the substrate di ageter Apparatus according to claim 3 or 4, characterized in that the

support region of the support elements is rounded off.

6. Apparatus according to one of the preceding claims,
characterized in that the support (24;38) is tiltable.
10
7. Apparatus according to one of the preceding claims,
characterized in that the abutment (24;38) has at least two

abutment pins (24;38) that are spaced from one another.

15 8. Apparatus according to claim 7, characterized in that at least

one of the abutment pins (24;38) is rotatable.

9. Apparatus according to claim 8, characterized in that the
abutment pins (24;38) are rotatable synchronously relative to

20 one another.
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'22. Apparatus according to one of the preceding clains, characterized in
that the first support elenents (22;42) are rotatable about a conmon
center point. 10 23. Apparatus according to one of the preceding clains,
characterized in that the first support elenents (22;42) are disposed on a
rotatabl e el enent. 15 20 24. Apparatus according to one of the preceding
clainms, characterized by a substrate-handling device for the transport of
the substrate (12;32), whereby the novenent of the handling device is

controll abl e as aq _unck'b Qra‘?lflstbfécﬁ g4 abe 'earr%}erthGZ reBBRARAT HSim )
0 claifs, ¢ I'n t D% r st

according to one t he"precedi ng aracteri ze

(22;42) and/or the second s ar,t. I nts, (18; 40). arge,syachronousl
novabl e in one directi BtharggyeeéepulﬂcﬁagHﬁ%fro{a&@ns% ¢ é?g,%ﬁ?dwgfrpﬁiﬁge
Literal Translation of Priority Doc DE 199 57 758.7 filed 01 Decenber 1999
- Otmar Graf et al - @ edg fungljors19h a alignment of the substrate (12;32)

determined by the detection unit.

11. Apparatus according to one of the preceding claims,
characterized in that the support element (22;42) and/or the

abutment pins (24,38) are disposed on a common plate (14;36).

10 12.  Apparatus according to claim 11, characterized in that the plate

(14,36) is tiltable.

13. Apparatus according to one of the preceding claims,
characterized by a second support (18;40) which forms an
15 essentially horizontal plane for the accommodation of the

substrate.

14.  Apparatus according to claim 13, characterized in that the first
support (22;42) and the second support (18;40) are movable

20 relative to one another.
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" 26. Method for the alignment of disk-shaped substrates, especially

sem conduct or wafers, with the foll ow ng nethod steps: noving the substrate
“into a position that is inclined relative to the horizontal in which the
substrate is received on a support that forns a plane that is tilted
relative to the horizontal and in which the substrate rests agai nst at

| east one abutnent due to the incline; rotating the substrate into a

pr edet er mi ned rotated position and nonitoring the rotated position with a

detection unit. B@ﬁra”lﬁ& Ebflﬁmijfb El'aﬁh”?%émﬁhaﬁé}%@rfzéﬁqn't ?Hﬂét the

substrate is aned |nto e 1 ncline osition movi n especl a
tilting, the support. t hod C g.ta cla 7 characterlzed I n
Lhat the support and  REC RO @'@A&U a8 S olesh, st Stk sbor
according to one of the clains 26 or charﬁcterlzed in that the

substrate is rotated b?'%'ﬁﬁl(ﬁﬁ"'mm%é@@“m arzeHahrlang) enent of the
abutnment. 29 Literal Translation of Priority Doc DE 199 57 758,7 filed 01
Decenber 1999 - Otmar Gaf et al - Steag - AZ 3170 30.

5 16. Apparatus according to claim 15, characterized in that the

second support elements (18;40) are embodied to be stationary.

17.  Apparatus according to claim 15 or 16, characterized in that the
second support elements (18;40) extend through openings in

10 the plate (14;36).

18.  Apparatus according to claim 15 or 17, characterized in that the
second support elements (40) are movable together with the

plate (36) and relative to it.

15
19. Apparatus according to claim 18, characterized in that the
second support elements (40) are biased in a direction that
faces away from the substrate (32).
20 20. Apparatus according to one of the preceding claims,

characterized by a device for the measurement of the substrate

diameter.
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~31. 5.32. 10 33. 1534. 35. 20 Method according to claim?29, characterized
in that at | east two spaced-apart elenents are rotated. Method according to
‘one of the clainms 26 to 30, characterized in that the rotation of the
substrate is controlled as a function of an alignnment of the substrate
detected by the detection unit. Method according to one of the clains 26 to
31, characterized in

21. Apparatus according to one of the preceding claims,
characterized in that the spacing between the abutment pins

(24,38) is adjustable as a function of the substrate diameter.

22. Apparatus according to one of the preceding claims,
characterized in that the first support elements (22;42) are

rotatable about a common center point.

10 23. Apparatus according to one of the preceding claims,
characterized in that the first support elements (22;42) are

disposed on a rotatable element.

24. Apparatus according to one of the preceding claims,
15 characterized by a substrate-handling device for the transport of
the substrate (12;32), whereby the movement of the handling

device is controllable as a function of the substrate diameter.

25. Apparatus according to one of the preceding claims,
20 characterized in that the first (22;42) and/or the second support
elements (18;40) are synchronously movable in one direction as

a function of the substrate diameter.
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“that the dianeter of the substrate is determ ned. Method according to claim
32, characterized in that the space between the abutnent elenents is

‘adj usted as a function of the dianmeter of the substrate. Method according
to one of the clainms 26 to 33, characterized in that the substrate is
rotated by a rotation of the support. Method according to claim 32,
characterized in that the novenent of a substrate-handling device is
controlled as a function of the diameter of the substrate. 30 Literal

Transl ation of Priority Doc DE 199 57 758.7 filed 01 Decenber 1999 - Ot nmar
Gaf et al - Steag - AZ. 3170 36. Method according to claim 32,

characterized in at first or the,second s Ierrents
synchronously m)vgg' [ M%h%d @rrga fl@gpr’ggnfao; aﬁgﬁqﬁ‘?e g@?érag%s?ﬁ%ﬁcéa
dianeter. 31 Literal Translation of Priority Doc DE 199 57 758,7 filed 01
Decenber 1999 - Ot t mar Seigonductqr wafefs, jjth theAoliawing method steps:

moving the substrate into a position that is inclined relative to
5 the horizontal in which the substrate is received on a support

that forms a plane that is tilted relative to the horizontal and in

which the substrate rests against at least one abutment due to

the incline;

rotating the substrate into a predetermined rotated position; and

10 monitoring the rotated position with a detection unit.

27. Method according to claim 26, characterized in that the
substrate is moved into the inclined position by moving,

especially tilting, the support.

15
28. Method according to claim 27, characterized in that the support
and the abutment are moved in common.
29. Method according to one of the claims 26 or 28, characterized in
20 that the substrate is rotated by rotating at least one abutment

element of the abutment.
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10

15

20

30.

31.

32.

33.

34.

35.

Method according to claim 29, characterized in that at least two

spaced-apart elements are rotated.

Method according to one of the claims 26 to 30, characterized in
that the rotation of the substrate is controlled as a function of an

alignment of the substrate detected by the detection unit.

Method according to one of the claims 26 to 31, characterized in

that the diameter of the substrate is determined.

Method according to claim 32, characterized in that the space
between the abutment elements is adjusted as a function of the

diameter of the substrate.

Method according to one of the claims 26 to 33, characterized in

that the substrate is rotated by a rotation of the support.

Method according to claim 32, characterized in that the

movement of a substrate-handling device is controlled as a

function of the diameter of the substrate.
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36. Method according to claim 32, characterized in that the first
and/or the second support elements are synchronously moved

in one direction as a function of the substrate diameter.
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