01 JUN 2004 APPARATUS AND METHOD FOR THE ALI GNVENT OF DI SK- SHAPED
SUBSTRATES 5 The present invention relates to an apparatus and a nethod for
the alignnent of disk-shaped substrates, especially sem conductor wafers,
and includes an alignnent detection unit. In the seniconduct rlhﬂdustry, to
manuf act ure sem conductor elenents 10 generally sem cond sks, al so
known as wafers, that are conprised of a single crystal, are subjected to
various treatnment processes. These treatnent processes are greatly

aut omat ed, and bet wARPARATUSANEEME THODJSGRSTHEALISNMENTUOFODISKsks are
transported with handling devices, SHARED.SYBSTRATES support plates. 15
In this connection, a centered placenent of the disks upon the support
plates is inportant in order to ensure a proper positioning of the disks

in the yarious tr Vil . [ S

I n accordance w tﬁﬁi{@?%séiﬁ 'h?&ﬁhnl Fbi%%% {agﬂ %éé}ﬁggj Eggr%%%%ga#ﬁk gﬁl ng
as well as the ali nrrent ofé:b e disk |s undert aken %sall nrrent

appar atus, which Algnmans cfclisshares sy bgiratgRerspedgl ﬁﬁemrwafgwer
which is shown by d\fn of exanple in Figures 1la - d, a sem conductor disk
1 is deposited by andhimsilidesganisigrseent delgaliorsupipor t pi ns 3 of the aligner.
The handling device is | Literal Translation of PCT/EP0O0/11955 filed 29 Nov
2000 - OGtmar G af et al - Steag - AZ. 3170 01 JUN 100k

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

1
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, subsequently noved out of the region bel ow the wafer and the pins 2 are
1Towered, 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 se

r old 5
the disk thereon. If the disk 1 is attached by suction, the ﬁgtjgwﬂu?able 4
I5 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
a canera 5. The pins 3 are again r

i sed in ord Bferl 5181 the pins 2
seni conduct or di skibsefjnentiy ﬁpv,egtgﬁyoftlggl rggﬁgn g%lgkfwea{fv%?ef &d the p

e pins are noved in 10
a horizontal direction as a function of the neasured

, di spl | or der
to center the di sggensémerédl,eastaremit pbwhiah thepdiek 2 P@ﬁ‘ﬁ?@%ﬂg‘%’{%{ﬁwgtﬂﬁghwdi sk
I s again deposited upon the rotary turntable 4 in order tto repeta%% tﬁhlles

' r
above ”Easureﬁenttafritgéﬁsi &ﬂﬁ;bhlti% &éﬁ#ﬁgewﬁ atdheichli sKeL rotanh BN &R 'elPed
relative to the r turntable 4. This process is repeated 15 llmitallld a
conpl ete centering is, achjeved. Lid Sfictigh dd\Bcerpsidee teisecorely e
| at eral di spl acen@'@b’!de(%‘@m&?ﬁetﬂrédé?g?egghféngg position to recogni ze a marking
in the formof a recess, which 1is

L3 & easig i
flatteped porti onthef diskahergoaddé s Jikor 5 QA By 20k, tRE rbrery eaisigni ze a

Is al so known as a

flat, with the notch or flat providing the crystal direction of the.d sk.
After the aforenept roResh abont ats @yis Dgéoiailoé]r yﬁﬁmﬂ é@'?er%g{lbsﬁ)’r Bt ia&t ed in a

desired direction in order 2 Literal Translation of PCTI E900111955dtv'{fih~13d 29
Nov 2000- Ottmar Grafia&limanht of the Rk reldiReDTDEGKIINOMYEE 1S MEASUTE

. a camera 5. The pins 3 are again raised in order to raise the
semiconductor disk 1 from the rotary table 4, and the pins are moved In
10 a horizontal direction as a function of the measured displacement in
order to center the disk relative 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
io 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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.‘;gnP:gpgdtgs Fﬁ;kngEigtomz_pLedﬁternined position. The positioning is

. a, i ch then al so sinmultaneously reads the

?EgbsgrLPaE is formed in the sem conductor disk and thét has, for lg;anple
of a barcode or a nunmber sequence. 5 The alignnment process ’

descri bed above is very conplicated and i '
: : expensi ve, '
plurality of steps that are to be repeat ed? it is aﬁgg \S;;U;bg[imn”em%c' udes a

i ntensive, which results in a very |ow throughput. Furthernore

conpr ehensi ve software i s necessary for 10 th ¥
el'enents, and al so wirmuthe orarkiegiiolk aPrepeles g B%’%‘ﬁgﬂgrm‘%#ﬁ@hg‘@ifs on

the rotary turntable, which unnecessarily increases the cost for

apparatus. Due tq,BREHRY g@lthér@gmmt\shioh then also s h?
: MtENGoUSSATE
15 unit, resonance effects that produce vibrations can occur, duentﬁ(g) \%;ﬂ E:Ee

a di sk that rests_upgn ' : hi : ;
Cont o oA for AT BB FRCERY e e estct et [ e e

against the rotary turntgble, _sinc ) [
are in the env - i Sie sl PR R SRt et onthe 20°
e of the wafer over a large surface area thereof in the region of

the sugtion openings, as shown in Fi
. , gures 12a and 12b. '
:I'rigslg)atlon of PCT/ EPOO/ 11955 filed 29 Nov 2000 - CItma? (I:;‘Ir;?rg!t al - St
170 al JUN ZRB4alignment process described above is very comphcateé andS €ag

expensive, and since it includes a piurality of steps that are to be

. 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.

3

Literal Translation of PCT/EPOD/11955 filed 29 Nov 2000 — Ottmar Graf e al - Steag - AZ 3170



. 5 10 Contaninations of this type can, ho
‘ G ( _ , wever, greatly adverse
g:ﬁ?tghéﬁcff tgg ieglgopductor disk. Fig. 12a sgoms t%e undersiéeagge;t the

_ or dis efore it is suctioned onto a rotary turnt

abl

rggér;Z?UEE?Qﬁl;heAgurfacg of the wafer after the suctio%ing onto ?heand

C _ _ le. can be seen in Fig. 12a, a small anognt
contanlnatlon is found on the underside of the wafer and FEJQ?ZW#ibuted
over the entire surface. However, as can be recognized in Fig. 12b, due to

t he suctioning of the sem conductor disk i
_ a | arge nunper  of
glcj)l:lt ect gn the utentaideaticnsdol His penet PRI %@W?Y?grt Igée&gg?%‘(?er?ﬁ@\r/\#f‘%qﬁ%e
ion device of the rotary turntable suctions the disk 1. DE-A-35 06 782

di scl oses an appacahiify bpind emohgudientif the edges 15 of a watfer.

accor tg o] ich the wafer is again positioned on a rotary turntable. The
rota yh urntabl e has an underpressure suction device in order to securel

o] the disk thereon. During the tinme that the disk is suctioned on thg

rotary turntable is rotated [ gXi j '
i spl Soement “of tia. dpacTeratiyendsTRE O Reahidior oI B RIE e,

with the aid of a series of photo detectors i il i
t he subsequent ceqictioned mﬂom@tmﬂgmtamel_apghg?r rﬁ%$%§%¢£é§8ﬂhkor

PCTJEP00111955 filed 29 Nov 2000 - Qtmar G
af et al - Steag - AZ 3170
JUN 2004 wafer after the suctioning onto the rotary turntable. As an beseen i Ot

Fig. 12a, a small amount of contamination is found on the underside of

. the wafer and is distributed over the entire surface. However, as can
be recognized in Fig. 12b, due to the suctioning of the semiponductor

10 disk a large number of particles collect on the underside, and in
particular in the region in ‘which the suction device of the rotary

turntable suctions the disk 1.

DE-A-35 06 782 discloses an apparatus for the alignment of the edges

15 of a wafer, according to which the wafer is again positioned on a rotary

. turntable. The rotary turntable has an underpressure suction device in
order to securely hold the disk thereon. During the time that the disk is

suctioned on, the rotary turntable is rotated about its axis of rotation,

and a lateral displacement of the disk relative to the axis of rotation is

20 measured with the aid of a series of photo detectors in order to be

utilized for the subsequent centering of the wafer.

4
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. US-A- 3,982,627 describes an apparatus for the automatic alignnment of a
‘waf er, according to which the wafer is placed upon an inclined support.
Due to the incline, the wafer slides against a rotatable abutnent. For the
alignment of the wafer, the rotatable abutnment, and 5 hence the wafer, are
rotated until the wafer achieves a desired position. Duriny] b W06t ati on
of the wafer, it is held spaced fromthe support via an air cushion. 0
Proceeding fromthe previously described apparatus, it is an object of 10
t he present invention to provide an apparatus, and met hod_.f or.

alignment of di skuSha3c8it3 6B descakes Bf W?WHQF W@Sﬁ%}&%l&#m%% % s,
whi ch use an alignnment detection unit and which, in a sinple and
econoni cal manner, ARk @cebrdihg gonwhicrothe heafenbst placed awpon n¢lingd
sinple integration into existing wafer treatnment units. In this 15

connection, an al i%? t b@\é%é’%e”%liﬁ@,‘ Yhé Wwakti alldesr ngageteat rabateble al so
a certain rotation rrangenent of the substrate. Pursuant to the

invention, this object is realized wt Sfatatib &Rk @eaEMd oned
type by neans of abulregni %?fghﬁﬁjgﬂme$ioﬁg?g§8 sﬁgg%rrt i ch forns a
support plane, for receiving the substrate, devicg for, . '% I 0g I rst
suppor4 rel ative hentdetheomafent are irﬁtfﬁﬁaepnﬁoth%r‘f’ﬂ Tt ﬁ(éhlég %ogt d%)%]gend;
into an inclined position relative to the 5 Literal Transl ation, of

PCTI EP00111955 11 agitia. Nowria§Qfe-roGitiamaof Geaivaler, di is. heidesRRGedhion 1 o1
JUN 2004

support via an air cushion.

Proceeding from the previously described apparatus, it is an object of
10 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 and
permit a simple integration into existing wafer treatment units. in this
15 connection, an alignment involves not only a spatial arrangement but

. also a certain rotational arrangement of the substrate.

Pursuant to the invention, this object is realized with an apparatus of
the aforementioned type by means of at least one movable first
20 support, which forms a support plane, for receiving the substrate, a
device for tilting the first support relative to the horizontal in order fo

bring the support plane into an inclined position relative to the

5
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horizontal , an abutnent agai nst which the substrate is novable due to the
‘incline, and a rotation device for rotating the substrate. The novable
first support enables a depositing and a renoval of the substrate in an
essentially horizontal position as a result of which the 5 apparatus can be
easily integrated into existing systens in which handlingﬂqeﬂhpﬂ@
generally hold the substrates in horizontal positions. |t i's therefore not
necessary to alter the previously used handling O devices. Due to the

i nclined support, the substrate is automatically noved into a spatjal,ly
fixed position agsirizintalhenatutment against whighhthe 3WPERIGHS GAO Que Phe
substrate can now be noved into a prescribed rotated position, which is

detected by the ahibLofH@ERE dRieet ieativni deviddefor posatirigonhagswraradei griment
are effected in a single step and require no conplicated control of

fequired, Since APNBBRANTE PaPRT e, B B e e oasi b

required, hg during the rotation is not 15 possible

due to the inclined position and th but ment, . - a resul nd
probl ens associ ats4Psirate ip @ gﬁﬁqqt@ﬁy M‘?B@pagrpgé@f)ﬁmaga & u'ﬁﬁgwlh ?dr?ﬁhea
support preferably has at |east two first support elements %hat . forhmthe
pl ane sand that enapparahss fooee be residmeniegsiedolde ST YS'SIBS HANY Iy
device for the |l oading and renoval of the substrate. In this connection,

preferably three hhrginFHepiees generait holdvihecsutistrates in hoggonisipesitenbpor t ,
are provided. In order during a relative novenent 6 Literal Translation of
E)ST' 5582111955 filied %N 2000 necttddrp tdGaRkbr ehe abrevictishaqisedARa8difg o ?
& devices. Due to the inclined support, the substrate is automatically
moved into a spatially fixed position against the abutment. Due to the
10 rotation device, the substrate can now be moved into a prescribed
rotated position, which is detected by the alignment detection unit. The
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

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

. cost and problems associated with the suction device are eliminated.

The first support preferably has at least two first support elements that
form the plane and that enable as free a movement as possible of the
20 handling device for the loading and removal of the substrate. in this
connection, preferably three first support elements, which form a three-

point support, are provided. In order during a relative movement

6
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..5 0 between the support elenents and the substrate to prev

the substrate and to prevent the production of particl gs, '?ma gﬁggg(ratto

el enents, at least in the support region, are provided with a materi al
having low friction, especially Teflon. Damage to the substrate during a
rel ati ve novenent between the support elenments and the substrate can
preferably al so be avoi ded by rounding off the support regi Sl SN 0Bne
support elements. For a good guidance and to avoid a relative novenent
between the 10 substrate and the abutment during the tiltin f the first
support, the abutbaiweehsthprwp@roatml?mré%af\ﬂltf‘ﬁlﬂug’?’“ﬁ'%toa@lﬁvﬁgh CHIE RN
has at |east two abutnent pins that are spaced from one another in ordery
to at |east partihgl fybdtRaei #f therevdstt that pracuetieberiveatictesd the sl a
fixed spatial positioning of the substrate. 15 f. Pursuant to a

parti cul ar|y pr ef gpped enaoU e 18l < BBoltieat. afie wovidedsiitne rudtetiot

abutment pins is as a result of which the substrate restin

2 Good_and_ uni f or eviBadewdHoun crpesA GL o, DR b SIS, SRR Fo

S A A O SRR S el e

preferably achi eved by 7 ' S
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
10 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.

15
. Pursuant to a particularly preferred embodiment of the invention, at
least one of the abutment pins is rotatable, as a result of which the
substrate resting thereagainst can be rotated in a particularly
straightforward manner. For a good and uniform rotation of the
20 substrate, and to avoid relative movements between the abutment pins

and the substrate, the abutment pins are preferably rotatable

synchronously relative to one another. This is preferably achieved by

7
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. Literal Translation of PCT/EP00111955 filed 29 Nov 2000 - Ol nar Graf et al
- Steag - AZ. 3170 01 JUN 2006 5 10 neans of a conmon drive el enent, such
as, for exanple, a conmon drive belt that is in engagenent with the

abutnment pins. In order to enable a precise alignnent of in particular a

crystal direction of the substrate, the rotation device caqr] mﬁ] trolled
as a function of an alignnent determ ned by the detection high r suant

to a particularly preferred enbodi nent of the invention, the support

el enents and/or the abutnent pins are di sposed pn a co n | at hch is
preferably tiltapheandof susemmas d""ﬁ@lﬁt‘@f@?“@%&gi%rﬁ%r %?gm%g'i %‘&?mﬁ.’*@n, t he
apparatus has a second support, which forns an essentially horizontal

pl ane, for receijibhdias st émjagenenttiitistheorndot@d®in-he first and the

second 15 supports are preferably novable relative to one another in order

to transport the substrate fromone support to the other, and to bring the
substrate in particular out of a horizontal position into an inclined

position. The second support, preferably : i r § gl disepioor t
el enents that forlmarder Eb?ﬂ%%'ﬁt%Pre&'%%éhéJﬁﬁeﬁ%flt'ﬁgr e%léeq}gbly 0 have rounded
support surfaces in order during a relative nmovenent $UhSidnede and

suppord el ement s dftheveilttudenie 1821oEIeWEE AP CQ&ngﬁéq\%ggages of the

support elenments. 8 ‘ '
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

10 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

15 supports are preferably movable relative to one another in order 1o

. | transport the substrate from one support to the other, and to bring the
substrate in particular out of a horizontal position into an inclined

position. The second support preferably has at least two second

support elements that form the horizontal plane and that preferably

20 have rounded support surfaces in order during a relative movement
between substrate and support elements to avoid damage to the

substrate against edges of the support elements.

8
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Literal Translation of PCT/EP00/11955 filed 29 Nov 2000 - Ottnmar Graf et al
'- Steag - AZ. 3170 0 1 JUN 2004 Pursuant to a straightforward enbodi nent of
the invention, the second support elenments are enbodied to be stationary.
In this connection, the second support elenments preferably extend through
openings in the 5 plate on which the first support el enents and/or abutnent
pins are nounted. Pursuant to an alternative enbodi nent, { heléebond
support elenments are novable with the plate and relative to it in order
during the tilting of to the plate to enable a transfer of the substrate
fromthe second support elenents to the first support elenments and vice
versa, wth as lowa level of relative novenent as possi bl e between the

substrate and thep,aee@anto sustrmghtfemard mnsbodimenh of His aveniopning $eEPT% i s
possible to achieve that the support surfaces of the second support

el enents 15 al way nLicakhbdersdtd @le statiansyppom thisucdrawetion, t he
substrate. In thg@&ﬁ%ﬁ%’ﬁ?@% the support elenents are preferably biased

i directi f th bst . .
3 STt on sy 10m e Sp0ate ke esid bl conenags v

bstrates having different

di ameters, the apparatus is preferably provided w th I ; ring
the supstrate di apisteron wHich dpaciingh SHBBRBeﬂeW@W%ﬁHﬁ%ﬁ?%Bﬁﬁ%ﬁf? insear!
preferably adjustable as a 9 Literal Translation of PCIT/EPO0/ 11955 filed 29

Nov 2000 - ottmarnfgiugite®t al - Sleag - AZ 3170 01 JUN 2094

. Pursuant to an alternative embodiment, the second support elements
| are movable with the plate and relative to it in order during the tilting of
10 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

15 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.

In order to enable an automatic adaptation of the alignment apparatus
20 to substrates having different diameters, the apparatus is preferably
provided with a device for measuring the substrate diameter. The

spacing between the abutment pins is preferably adjustable as a

9
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5 10 function of the substrate dianeter in order in this way to achieve a
‘preci se positioning of the center point of the substrate that remains

uni form for substrates having different dianeters. Pursuant to one

enbodi nent of the invention, in order to provide a rotation of the

substrate the first support elenments are rotatable about a cQ p center
point that preferably coincides with the center point of Qllu wafer. Due to

a rotation of the first support elenments, a relative novenent between the
substrates and the support elements is avoided during.the rotat ihonv

t her eby reduci ng fuhetiatangdhe csulsiisigaliametarnin QUi Natles Way {{acneve @
connection, the first support elenents are preferably disposed on a

rot at abl e el emantprewggr Bositibaihgaslethehaentey pibiht @'fethg mﬁattbaﬁi@mﬁm@r s
are present, the 15 center point of the substrate is positioned in

different |ocatiangsfhfdublfadsi ViR bifehehitfametant that a uniform

positioning of the center pornt via an adjustnent of the abutnment pins as
a function of the substrate dianeter is not effected. In order therefore
to ensure a centered accommodation of the substrate upon a
substrat e-handl i ng device after 20 the alignnment, pursuant,to one. ide a
embodigrent of t hePursuent itoronehembrsiewshtof gher IRKERURY NngTaRly 1o BT
controlled as a function of the substrate dianeter. 10 Literal Transl ation
of PCT/ EP00/ 11955,dtkficrl oRheNoubs2ed the Otst sappat afersents are rotatagle abgut# 70
common center point that preferably coincides with the center point of
. the wafer. Due fo a rotation of the first support elements, a relative
movement between the substrates and the support elements is
10 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

15 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
diameter is not effected. In order therefore to ensure a centered

accommodation of the substrate upon a substrate-handling device after

20 the alignment, pursuant to one embodiment of the invention the

movement of the handling device is controlled as a function of the

substrate diameter.

10
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01 JUN 2004 0 5 Pursuant to a further enbodi ment of the invention, a
‘centering between substrate and handling device is achieved by a unit for
the synchronous novenent of the first or second support as a function of
the substrate dianeter. In so doing, after the tilting back of the first
support a precise positioning of the substrate center point, which remains
uni form for substrates having different dianeters, is achi @vetIN 8l that a
special control of the handling device is elimnated. 10 The object of the
present invention is also realized by a nethod of aligning disk-shaped
substrates, in particular sem conductor wafers, by depositing the
substrate upon an alignnent apparatus, noving, especially tilting, a

novabl e first suppgrduadit té Bduahégembntinappafdhesnvanton, a ceateiNLRCWERN i s
inclined relative to the horizontal in order to bring 15 the substrate into

a position that ig Lhegd o %8 tdevidie Rordch@viedl byand dwmé tfor t the
incline to bring gﬁéﬁg{’h%s%ﬁ% gj‘eg{gda'i ﬁst at | east one abutnent, and rotating

th bstrate int det i ned . . : d b
2 Gt oot i on uni 1. SHRHEORRGUAAIATTERTE TRdyahPossco Rl Saobpiias # ARAIFPoRE B

htages ready nmentioned in
conjunction wth the apparatus, and 20 in particular a,stralghtf and
econonf cal al i gnnthe substsaissdiegtater. ilm s gg'ﬁﬁs ?g\?fg@?%@f%ﬁgg‘éeoéﬁéﬁg%f
steps. By noving, especially tilting, the support, the substrate can
initially be deposipgertoa pieeistl 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.

10 The object of the present invention is also realized by a method of
aligning disk-shaped substrates, in particular semiconductor wafers, by
depositing the substrate upon an alignment apparatus, moving,
especially tiltting, a movable first support of the alignment apparatus
into a position that is inclined relative to the horizontal in order to bring

15 the substrate into a position that is inclined relative to the horizontal

. and due to the incline to bring the substrate 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 the apparatus, and

20 in particular a straightforward and economical alignment of substrates
in a time saving, single sequence of steps. By moving, especially

tilting, the support, the substrate can initially be deposited on the

1
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Literal Translation of PCT1EP00111955 filed 29 Nov 2000 - Otmar G af el al
- Steag - AZ. 3170 01 JUN 2004 alignnment apparatus in an essentially

hori zontal position, as was the case with the previous apparatus. This
results in a good conpatibility of the inventive nmethod with existing
substrate-handling devices for the transport of the substrate. 5 To ensure
a good gui dance of the substrate, and to reduce a rel ativeq nowgoiEnt

bet ween the substrate and other elenents, the support and the abutnment are
preferably noved in common. 10 For a sinple rotation of the substrat?ﬁ it
is preferably rotfligmnént apparatuegin ah essestiabydaganta Mosilihedt Y6 e
abutnment. In this connection, for as uniforma rotation as possible,

preferably two spageduapank prélisugenipahtiee T isatsuttolmbegbod Sompatibilty
strat

+2Xrotation of the su is preferably controlled as a function of an
al i gnment of the substrate.determ by, . L9 ndNhg deicisdBF tHeo
ensure a proper a‘Pu‘Jalt r‘83?'ggvep&eiﬂ??cgﬁlﬂrqgé&é%tn&ng@%%@s%?{é%lte P% the direction
of rotation. 20 The dianeter of the substrate is advantageously determ ned,
and pursuant to HWapsreeef the sWd@Bent of the invention the spacing
bet ween the abutnent elenments is adjusted as a function of the 12 Literal
Translation of PCT/EPO0/ 11955 filed 29 Nov 2000 - Otmar G af et al - Steag
- AZ. 3170 0 | JUN 2004 .
To ensure a good guidance of the substrate, and to reduce a relative
movement between the substrate and other elements, the support and

the abutment are preferably moved in common.

10 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

abutment elements are rotated.

15 The +2Xrotation of the substrate is preferably controiled as 2 function of an
. alignment of the substrate determined by the detection unit in order to

ensure a proper and precise positioning of the substrate in the direction

of rotation.

20 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

12
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diameter. This enables a precise and uniform positioning of a center point
"of the substrate independently of its dianeter. In order to avoid a

rel ati ve novenent between the substrate and the support, the substrate is
preferably rotated by neans of a rotation of the support. 5 Pursuant to one
enbodi nent of the invention, the novenent of a substrate-handl|ing device
is controlled as a function of the diameter of the substr&idUNdllbrder to
ensure a centered accomodati on of the substrate. Pursuant to a further
enbodi nent, the centered 10 accommodation is achjeved hy sync ronouFIy
movi ng t he suppordiamieterenTbisoenaliles fa peaciss apf YHIOEReH ’%'ﬁﬁ;fgr? “PH'%ne
direction, as a function of the substrate dianmeter, after the tilting back
of the first Sugﬂﬂﬁttof th5 JubstRes irfdevendestly abitadtaeter.abi omdardl ayost at he
invention will b expl ai ned subsequently with the aid of enbodi nents with

reference to theel?istﬂ{ér ?ﬁ%\féﬁﬂ‘én{jrmﬁ thowsybéteste brd ane Ruppsrhehatic
0

;i de v! ew as vveI I Vi éw upon an apparatus pursuant to t he present
i Lar o Fig. “ibsian Pl bbhRIR e ar ar of BB Ly R BekeR, s
13 Literal Translation of PCT/EP00/11955 filed 29 Nov 2000 - Otmar G af et
al - Steag -- AZ. 3170 O
Pursuant to one embodiment of the invention, the movement of a
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
10 accommodation is achieved by synchronously moving the support

elements of the first or of the second support in one direction, as a

function of the substrate diameter, after the tilting back of the first

support.
15 Further features, advantages and details of the invention will be
. explained subsequently with the aid of embodiments with reference to

the figures. The drawings show:
Figs. 1aand b a schematic side view as well as a top view upon an
apparatus pursuant to the present invention;
20 Figs. 2aand b a schematic side view as well as a top view similar

to Fig. 1, with a semiconductor wafer placed upon

the apparatus,

13

Literal Translation of PCT/EPD0/1955 filed 29 Nov 2000 — Ottmar Graf et al - Steag ~ AZ.3170



01 JUN 2001 Fig. 3 a schematic side view of the apparatus of Fig. 2ain a
"starting position; Fig. 4 a schematic side view of the apparatus of Fig. 3
in a second, tilted position; 5 Fig. 5 a top view upon the apparatus in
its tilted position; Fig. 6 a schematic illustration of sem conductor
substrates having different dianeters, as they rest against a non-novable

abut ment of the inventive apparatus; Fi g. 7 a schematic ilglugin@ on of
sem conductor wafers 10 having different di aneters, as they rest against a
novabl e abutment pursuant to the inventive apparatus

ar ged
illustration of angi Bventive appachemsticsites gk of wq:a@par%tusﬂ_g?%%rﬂagm
schematic side view of an alternative embodiment of an alignment apparatus

pursuant to the present inventégﬁ;m@gos@ana schematic side view of an
apparatus pursuant to Fig. 9 in atilted position; 20 Figs 11 a-d
schematic side VI‘_EWS of a convent|

g { Gahi
t he operating seq U8née of the 358 @"J[ah@ '(%l%wo‘cmﬁé@ﬁ‘g b1 Bigl Bahiang

second, tilted position;
5 Fig. 5 a top view upon the apparatus in its tilted position;
Fig. 6 a schematic illustration of semiconductor substrates
having different diameters, as they rest against a
non-movable abutment of the inventive apparatus;
Fig. 7 a schematic illustration of semiconductor wafers
10 having different diameters, as they rest against a
movable abutment pursuant to the inventive
apparatus,
Fig. 8 an enlarged illustration of an inventive apparatus

pursuant to Fig. 1;

15 Fig. 9 a schematic side view of an alternative embodiment

. of an alignment apparatus pursuant to the present
invention;

Fig. 10 a schematic side view of an apparatus pursuant to

Fig. 9 in a tilted position;
20 Figs 11a-d schematic side views of a conventional alignment
apparatus illustrating the operating sequence of the

apparatus;

14
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. Literal Translation of PCT/EP00/ 11955 filed 29 Nov 2000 - Otnmar G af et al
‘- Steag - AZ. 3170 O 1 JUN 2004 Fig 12 the results of a surface scanning
prior to and after an alignment process on the conventional alignnent
apparatus. 5 Figures la and | b show a schematic side view and a top view
respectively of an apparatus 10 for the alignnent of disk-shaped
sem conductor wafers 12 (see Fig. 2). The apparatus 10 has B dUM@" 14
which, as will be described subsequently, can be tilted. The plate 14 has
t hree oval openings 16 that extend upwardly fr.om bel ow 10 Et.hrt)u ndt [Pl ate
14. Three supportFigit® 18 ext erietiesblig®f ttheurage meARNgsPhie Qng plate 14
and are secured to a non-illustrated base plate. The support pins 18 form
a three-point support having anan eﬁgmeh’abtqcelserdnztm@n@nﬁﬁﬁﬁfmﬂﬂ%‘%mf or
receiving the sem conductor wafer 12, as can be best seen in Fig. 2a.
D sposed on an upper side 15 20 ;SBarbﬂ%.m ate 14 are three Tefl on disks 22

which, as will be described su%sequently, 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

o 50 0SS Bl Lo [eshectivelly RLOVS? o sk RS, SIGeaha 410, g @
Transl ati on of PCT/ EPOQ/ 11955 filed 29 Nov 2000- OQttmar Gaf et al, - eSE} eag
- AZ.3170 0 1 JUNgRétively of an apparatus 10 for the alignment of disk-shap
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
10 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
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
15 20 of the plate 14 are three Teflon disks 22 which, as will be described
. subsequently, serve as support elements for the semiconductor 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

provide two elongated elements that form a support plane and permit a

20 reliable support of the wafer.

15
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Furthernmore provided on the plate 14 are two rotatabl e abutment pins 24.
"The abutnent pins 24 are rotatable via a non-illustrated drive nechanism
whereby the two pins are interconnected via a conmon drive belt to achieve
a synchronous rotation, of the two pins. 0 5 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 support pins 18, adh1ﬂ%%2%4ate 14
has a horizontal orientation. 10 Fig. 4 shows the apparatus 10 in a

different position. The plate 14 is tilted relatjve to@tpge horti Zﬁﬁ% SO
that the wafer 12Fmehémgerprosides omtm plaie & ais Brastalahip Aautne . but
rat her upon the Teflon disks 22 and is therefore also in an inclined

position. Due to jhe irpgl Al@methings24 aresttatable vize af on-luEalgddHE has
alowfrictional resistance, the 15 wafer 12 slides against the abutnent

pins 24 and is centered. bet e s afe hsteh&FineS N vian at bembam vi ew
of Fig. 5. 1In thi@eﬁhémsﬁﬁnmg%eby fé—%u%ﬁzn%ﬁn pins 24 are rotated in order to

rotate the wafer 12 about its. central axj : est seen in
the top view of Figve Qelté@apf“f‘ﬁ“@ %Wmf?%ﬁs %@%‘@@ﬁh@gf@&%sérs general |y
have a mark, which is also known as a notch, or a flattened portion, which

is alsgp called a flat, wth the aid of which the crystal direction of the
waf er can be 16 Literal Transl ation of PCT/EP00111955 filed 29 Nov 20%) -
Qtmar Gaf et al pig § eR@vs aSEhdindlicsside view of the apparatus 10 with a wafer

placed thereon in a starting position. The wafer 12 rests upon the

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

10 Fig. 4 shows the apparatus 10 in a different position. The plate 14 is
tited relative to the horizontal, so that the wafer 12 no longer rests
upon the stationary support pins 18, but rather upon the Teflon disks
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

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

. them, as can be best seen in the top view of Fig. 5. In this position, the
| abutment pins 24 are rotated in order 10 rotate the wafer 12 about its

central axis, as can also be best seen in the top view of Fig. 5.

20 It is known that semiconductor wafers generally have a mark, which is
also known as a notch, or a flattened portion, which is also called a flat,

with the aid of which the crystal direction of the wafer can be

16
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. 10 15 0 20 01 JUN 2004 determnined. The apparatus 10 has a non-illustrated
‘sensor device, such as, for exanple, a canera or a CCD array or inage
sensor that is in the position to recognize a nmarking of the wafer and to
determ ne the position thereof during the aforenentioned rotation of the
waf er about its central axis. In order to achieve a desiredgq[mﬂqwi
alignnment of the wafer 12, its rotation is controlled in such a way that
the marking of the wafer is rotated into a predeterm ned position that is
recogni zed by t hdetemsiveddeVheeappriatusol Btltasm ai BobHlbisdfde@ SEHsOr slavi®. with
the aid of the position of the marking determ ned by the sensor. If the
marking is in thg,phesteter Exaphi®oai ddrodva bhe €M candyct oF imegbeserisdr
aligned not only spatially but also relative to its crystal direction. The

plate 14 is now tilted. , . g r.esyl i : i in
pl aced upon the hLlsapbc'r f'pgﬁésp@t.'&rﬁg }Vé\ac:%)gﬁizf\é\,gl @%ﬁ%\e\ﬁ eé\fgig%s\%%%f naﬁ%"ag@
preci sely determ ned position upon the support pins 18 that is also

al i gned rel ati vedetemise ¢hg poattioqitherecf gHNNghe pitementioard sptatippot the
substrate 12, a substrate-handling device is noved under the wafer 12 in

such | way that iwafeecbiovestst bentvalf axisi n lia ardnt do eachievmer desdedt ergasport s
it away for the further processing. Wth the previously descri bed

enbodi ment, the ahufARM RItRS wifte@A, 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.

10
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
15 disposed in a precisely determined position upon the support pins 18

that is also aligned relative to its crystal direction. For the removal of
the substrate 12, a substrate-handling device is moved under the wafer
12 in such a way that it receives the wafer in a centered manner and
transports it away for the further processing.

20

With the previously described embodiment, the abutment pins 24 are

locally fixed upon the plate 14. If semiconductor wafers having

17



. locally fixed upon the plate 14. If sem conductor wafers having 17 0 1 JUN
2004 5 010 15 different dianeters are placed upon the apparatus 10 and
are subsequently aligned, the center point of the respective wafer is
located at different positions, as can be seen fromFig. 6. Wth wafers
having smal | er dianeters, the center point of the wafers agpraaeigs cl oser
to a straight line A that passes through the abutnent pins 24, In order to
precisely determ ne the dianeter of the wafer, and hence its center point,

after the orientgiffepsnt JisaBENE B pibee@reaﬁom etfentajgfarbfue  Mafaid diranet er
I's provided. This function is carried out by the alignnment sensor, i.e.

f I b
the plate 14 1% USRI IR LR By TRRRy 8N, 'é%pe‘:ﬁ%é“?a%‘*a’se o

result of which the wafer dianeter is known Th I
devi ce. for-the. lacatgs at dtffﬁ”?rﬁeo%sétﬂﬁ%ﬁéu@rb?emg?g?'qrg %o@rt Nt\.{'ltt q%gdal "

function of the thus-determ ned diameter, so that it always receives the
wafer in a preci belipgcembierediametass, .theX canter peint ef Hbe wialess approaches
determ ning the wafer dianeter are also possible. Fig. 7 schematically

showss an al t er natjougr (IR MR tInE A 2R paB¥@DiHreNgh the abutment pins 24

In order to precisely determine the diameter of the wafer, and hence its

. ; center point, after the orientation, a sensor for the measurement of the

| wafer diameter is provided. This function is carried out by the alignment

10 | sensor, i.e., for example, by a camera or CCD array or image sensor. A
length scale on the plate 14 is read by the camera or CCD array or image
| sensor, as a result of which the wafer diameter is known. The movement

 of the handling device.for. the.removal of the semiconductor wafer is

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

15 receives the wafer in a precisely centered manner. Of course, other ways

. for determining the wafer diameter are also possible.

Fig. 7 schematically shows an alternative embodiment of the invention,
according to which essentially the same components are provided as
20 with the first embodiment. Instead of a pair of laterally fixed abutment
pins 24, the abutment pins 24 are mounted on the plate 14 so as to be

laterally movable. As a result of a lateral movement of the abutment

18



- according to which essentially the same conponents are provi i

| ( _ ded a

tzze Ilhrstbenbodl ment. Instead of a pair of laterally fi >F<)ed abut me?]t 20p;Mntsh

rm’ bIe abutnment pins 24 are nmounted on the plate 14 so as to be laterally

pvable. As a result of a lateral novenent of the abutnment 1B 01 JUN 2004

- pi nfs_ 24 out of the first position shown in Fig. 7, which is illustrated b
a filled-in point, to a second position, which is illustrdtled!bllia ci rclg

it is possible to receive sen conductor wafers having different di ameters

in such a way that their center point always.li-es . i o

\II—'vg][ er5 ;E:ZIS pgr POFENS :‘214 9w Gidhe AirgerQsiliony §7h‘?‘%”dl%t':29'r%'%ﬁ'FﬁéégiiﬁgHE@rﬁ%?nf he
~subsequently to nmove the abutment pins |aterall

Centler poi nt of tfm@dsmtminatteaeemmwdjpositian,pwéifétiériHﬁiﬁi@ie%c‘fisifﬁ?FC?”%iﬁ'téth%

results in the advantage that the substrate-handling device can al ways be

nmoved into the s sﬁ’xﬂéi i . . cer !
. a]:EEEs ibi reReivensipmensendtby waffersheavived eiffele ah@iaarete oI
order to receive e wafer in a centered manner. Furthernore, thi,s tﬁgniagl es

of “the vaf or di aroro Way PRELERRAe] PRIy apy RE e e o ge. the”

Tefl on supports 22 in R possi bl e to arrange the
poi it of ugﬁmscgﬁrmea:ggué%i{ajﬁ%fa?h{g??%ﬁh@ﬂ%@me e Hmeltog R % e
eramle! 7oL e spoaenaraereil sl o HECHTH 1, o
flat, can be eff ecdfer \Yintt BgthggL@;rﬁLgiﬁrnggnrg glr:(;étgrewtn%dt Qgin?OtT%ri]s or
. results in the advantage that the substrate-handling device can always
be moved into the same position, independently of the wafer diameter,

10 in order to receive the wafer in a centered manner. Furthermore, this
enables a centering of the wafer relative to the Teflon supports 22
independently of the wafer diameter. In this connection, it is possible
to arrange the Tefion supports 22 in such a way that they lie upon a
circle, the center point of which coincides with the center points of the

15 wafers. Since the Teflon supports are disposed upon a rotatable

. element, such as, for example, 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
way, in particular friction between the Teflon disks and the wafer is

20 avoided, since no relative movement between the wafer and the disks

occurs during the rotation.

19
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way, in particular friction between the Tefl [

. ; _ _ on di sks and the waf [

st:ﬁgdihzlpg? ?p rel ative novenent between the wafer and the diglesoggurs

Joryg the C}gflgr.aﬁQ Lg{gral T;;nglation of PCTI EP00111955 filed 29 Nov

_ - ag - .3170 0 1 JUN 2004 F [

the wafer relative to a handlin [ i R UIE I

th _ _ g devi ce i ndependentl of its di i

E; a:sg p?ﬁZIP!F to linearly nove the support pins 1% or thé-ﬁ@%&gaeéing
, 1.e. ilt plate. 5 10 In a further enbodi nent, the centered

accommodation is achieved by s '
1 ynchronously novin h
e TTESr o e e o o it bATObS aSHRRSH o TS
substrate dianete f Pt : Ho
r, after the tilting back of the first support. Fig 8
Pter

shows how the pl g§ : : - :
- fCtsldisletbPat APARBAIALSILle db liRegtly Indwe ns
an al i gnment proclals OF ThC bosi (1 an shown in Fig. B e vt or 121

partially accomm [
bne. of the. Tof | oPdnedetes dEKE ¢p; L e N g the i1 ting
: ! , during t Pt
gﬁg??ﬁPLdOfdthe plate 14 a rel ative novenent occurs bgtme:n Eélikgg
edge of the support pin 18 as well as the encircled edge of the

Teflon disk 22, since the wafer is i
_ , _ _ d toward the right.
abut ment pins 24.|nTaifarthanehdadimen rﬁésim e OO 'ﬁhﬁ by hidGed
Soraton o of then ifarthan ez ) Eri SienteTef AGSRMOFATHLLS %ﬁ ‘asevveqyl as

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.

10 Fig. 8 shows how the plate 14 of the apparatus 1 of Fig. 1is tited 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. 1n this connection, during the

tilting movement of the plate 14 a relative movement occurs between

15 the 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

abutment pins 24. This can lead 1o undesired particle formation as well

as scratching of the wafer surface.

20 Therefore, with a non-illustrated preferred embodiment of the invention,
the edges of the suppont pins 18 as well as of the Teflon disks 22, or of

their entire support surface, are rounded off, thereby achieving a rolling

20
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. 20 .Therefore, with a non-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 off, thereby achieving a rolling
20 Literal Translation of PCTIEPOOL11955 filed 29 Nov 2000 - Otmar G af et
al - Sieag - AZ.3170 01 JUN 2006 5 10 of the wafer on the HjP§U@§ﬂLdiSks'
In particular, scratching due to the edges of the support pins and of the
Tefl on disks is avoided. Figures 9 and 10 show an alternative apparatus 30

faor the alignment of sem conductor wafers 32. The apparatys 30, has base
plate 34 and a tdflthepkafee cB6thevping lmngraisks.v bt RBIEUIETt é?’@é&H@%tdéﬁatﬁ’yﬂg
swi vel connection 37. As with the first enbodi nent, rotatable abutnent pins

38 are nount ed %%&%eoftﬂhbts@p@%iﬁ@aaﬂdafah@Teﬂbaﬁémdsésalbo'tsliedt. heir central

axis via a non- i strated device. First support pins 40 as well as second
support pins 42 are furthernore 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 sem conguctar . - Rper t
pi ns 40 extend th‘?@ugf?ﬁ Q@Q?Qﬁﬁﬁ}“’aﬂ%a il ﬁ&eﬁkgﬁﬁﬁ%&oﬁ{ﬁ%gl en%Fo t he
tilt plate 36. The novenent of the support pins 40  rel ebtive t fgfenﬁig“

plate 86 is |intesmipprauctygpeafend?.a Ihevanpasaiys P has a base plate
tilt plate 36, which are pivotably interconnected by a swivel connection
. 37.
As with the first embodiment, rotatable abutment pins 38 are mounted
10 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
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.

15
. The support pins 40 extend through the tiit 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 of
limit disk 44,46 that is disposed above or below the tilt plate 36
20 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

21
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o li'rmt disk 44,46 that is disposed above or belowthe tilt plate 36 20
‘respectively. Disposed between the lower limt 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 fromthe sem conductor wafer 32. The support 21
Literal Translation of PCT/EP00111955 filed 29 Nov 2000 - O tqymeyyGaf el

- Steag - AZ. 3170 5 10 15 0 20 OT JUN 2004 pin 40 has a base or foot 50
that in a first position of the tile plate 36, as shown in Fig. 9, is in
contact with an pipp&d has adase QrH@ob‘é&t:haﬁ|ixaﬁéirs;zposﬁ@rmofﬁh@é%%ala?%é%@ﬁaport
pin 40 upwardly agai nst the bias or tension of the spring through the
plate 36. In thigshdihib RSOt iin ddrmact with leinugipeatside bhthe Dase plate 13d,
support pins 40 forman essentially horizontal support plane that Iies

above a support Qﬁ@@@es{sﬁé ws@bgﬁgm %ggﬁ?{aﬁcg%géiré?the' t;iaé ﬁretehéiloh dplrate 36

Is tilted relative e bas et 50 of the support pins
40 nmove away formthe, u r,side of the base plate 34, ..a ort
pi ns 40 nove am%ﬁ*'?%lﬂrgﬁé“ ghLﬁ)gl@}ea{ig DUép'tsglrf' O tl'%t%@it IS W%‘%gﬁ’ﬁgﬁm s
nmovenent is limted by the upper Ilimt disk 44 as can be seen in Fig. 10.
In tAi s position® the sippparainprahern aﬂ@éeaya"vtW%Hﬁqupeﬁrpéaaﬁ)tha?es
bel ow t he support plane fornmed by the support
lies above a support plane formed by the support pins 42.
If the tilt plate 36 is tilted relative to the base plate 34, the feet 50 of the
. support pins 40 move away form the upper side of the base plate 34,
10 and the support pins 40 move away from the substrate due to the bias of
the spring. This movement is limited by the upper limit disk 44, as
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

15
this position, the wafer 32 slides against the abutment pins 38 and, as
with the first embodiment, is centered between them and is aligned as
. described previously.
After the alignment, the plate 36 is tilted back, as a result of which the
20

feet 50 or the support pins 40 come into engagement with the base
plate 34, and the pins press against the bias of the spring in the

direction of the semiconductor wafer 32. The feet 50 of the support pins 40 are

22




pins 42, so that the substrate now rests u '

. S _ \ pon the support pins 42. [

{l)(ﬁSI]'E!On, the wafer 32 slides against the abutnent p!ogs 38pand as I\r/]m't}]hl >
rg fi rs]t enbodi ment, is centered between themand is aligned as descri bed
previously. After the alignnment, the plate 36 is tilted back, as a result

of which the feet 50 or the sup [ [
_ port pins 40 conme into en ement with
3ase plate 34, and the pins press against the bias of thg%@bgﬁ%@mrgtthghe

irection of the sem conductor wafer 32. The feet 50 of the support pins 40

are 22 0 1 JUN 2004 rounded,off so that [ il &
: L
upon the base pl frﬁendﬁﬁ@?ﬂ%mtd%'“@a‘ﬁ L PRB LR ol Lo haBise pRver ol
6. Since e support pins 40 are tilted alo | i
Sﬁ, their suppor tands prévandsa &8@’“%vﬁy‘%‘epﬁ'l"‘élWE'F'n?%‘e{]ﬁ'é%tpe?@'gu$¢]g%é%ate
thereby essentially 5 precluding a placenent of the wafer upon onl b e pin
shgo

edge as well as & gR)rafpinge 400ussdiited balo i '
: Bipin ngewith Hbestibpdate gPndhaid
wafer 32 during the tilting back. 0 Al though the in\%ntign was descri Bgd

with the aid of plﬁ%ﬁrereg Ry ; : . =S~
- ere LRvEEPRAIANRNGS thd heafer eaebte] thezeby assesti
limted thereto. %n partlcu%ar, IP i's possible to eIirrinatetyr;e suppagtyt

LTS, 10,30 50 o ST 1 AR plp i Aegmrcombis r
Rlnnlsnglzl nleEi o aé\sr?elar;i('?r% %%%glmuetn?lgetaggﬁst%%rguépoorprpﬂﬁvé Ql% Bnd ithé%@é@r@;:‘?g-r
. during the tilting back.
Although the invention was described with the aid of preferred
10 embodiments, the present invention is not limited thereto. In particular,
it is possible to eliminate the support pins 18 and 40 of the
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
15 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 10 the horizontal. In
this case, it would be necessary to provide a wafer-handling device that
20 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
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15 .support plane can al so be achieved by a relative novenent in a vertical
"direction between the support elenents. It is furthernore also possible to
pl ace the sem conductor wafers upon a stationary support device that forns
a plane that is inclined relative to the horizontal. In this case, it

‘waul d be necessary to provide a wafer-handling device that 20 pyy s t he
wafers into the inclined position and deposits them upon the support

devi ce. The problem of particle accunul ati on upon the wafer is reduced in
that a particle-suction device is provided tha% in.particular tﬁB Liﬂt_)F{rnal
Transl ati on of PdW/tEedliedas ¢fthe@iale JSHOPHEH RArYIPRAPUR 7 BE YH'" Mst eag
- AZ-3170 0 1 JUN 2004 in the tilted state of the plate suctions off
particles found ogdohgmwabielirdction. downward direction. 0 24 Literal

Transl ati on of PCTI EP00111955 filed 29 Nov 2000- Otnmar G af et al - Steag
- AZ. 3170 0 7 JUN 2D04 PATENT CLAIMS 0 5 10 15 20 Apparatus (10;30) for the
al i gnnent of di sk-shaped substrates
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- (12;32), especially sem conductor wafers, with an alignment detection
~unit, at |east one novable first support (22;42) for the accommbdation of
the substrate (12;32), which forns a support plane, a device (14;36) for
the tilting of the first support (22,42) relative to the horizontal in
order to bring the support plane into a position that is inclined relative
to the horizontal, a second support (18;40) which fornms an esgsent] hly
hori zontal plane for the accomodati on of the substrate, 3%@”@ e first

(22;42) and second support (18;40) arpafprAbEEAlRisati ve to one another, an
abut ment (24;38) agai nst which the substrate I's novable due to the

incline, and a rotation device (24;38) for the rotation of the substrate.
2. Apparatus according to claim1l1, characterized in that the first support
(22;42) has at least two first support elements (22;42) that formtgeg

pl ane. 25 0 1 JUNI.2004Appamipar(30i39) det dheliahgnment 1of; disteshaned SUPEFPESH i n
that the first support elenents (22;42) are provided at least in the
support region wth a(1mge),i aspdraiiyngehdivordduator avafess pethahyaligiment 5
4. Apparatus according to claim2 or 3, characterized in that the support
regi ory of the support gLereBhudit ot GH&heOfovable first support (22;42) for the

accommodation of the substrate (12;32), which forms a support
plane,
. a device (14;36) for the tilting of the first support (22,42) relative
to the horizontal in order to bring the support plane into a
10 position that is inclined relative to the horizontal,
a second support (18;40) which forms an essentially horizontal
plane for the accommodation of the substrate, whereby the first
(22:42) and second support (18;40) are movable relative to one
another,
15 an abutment (24;38) against which the substrate is movable due
. to the incline; and

‘a rotation device (24;38) for the rotation of the substrate.
2. Apparatus according to claim 1, characterized in that the first

20 support (22;42) has at least two first support elements (22:42)

that form the plane.
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0'5. Apparatus according to one of the preceding clains, characterized in
that the support (24;38) is tiltable. 10 6. Apparatus according to one of
the preceding clainms, characterized in that the abutnment (24;38) has at

| east two abutnent pins (24;38) that are spaced fromone another. 15 7.
Apparatus according to claim®6, characterized in that at |east one of the
abutment pins (24;38) is rotatable. 20 8. Apparatus accordi rg] tigN figai m 7,
characterized in that the abutment pins (24;38) are rotatable

synchronously relative,to ne another. 26 .0 JUN 2004 _5 .0 9 r.afus
according to one %f th’%%?@&éﬁi%ﬁ%&'}'&g &E,an'%z acgtaé?&%gﬁé? Hnttﬁgfﬁ)t?%gﬁl&
rotation device (24-38) is controllable as a function of an alignnent, of
the substrate (12-32) sippat elereantsy(22:42)daterevaednlt leash in Apg SupPest
according to one of the clainms 2 to 4 or 6 to 8, characterized in that the
support el ement (22; 42)egisvilivith d materdd) tiaveg lopd fisti¢R leSRciallyelTefigposed on a
common plate (14;36). 10 11. Apparatus accto claim 10, characterized in
that the plate

5 4. Apparatus according to claim 2 or 3, characterized in that the

support region of the support elements is rounded off.

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

. one of the abutment pins (24,38) is rotatable.
8. Apparatus according to claim 7, characterized in that the

abutment pins (24;38) are rotatable synchronously relative to

20 one another.
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(14;36) is tiltable. 15 12. Apparatus according to one of the preceding
clains, characterized in that the second support (18;40) has at |east two
second support elenents (18-40) that formthe horizontal plane. 13.
Appar atus according to claim 12, characterized in that the second support
el ements (18-40) are enbodied to be stationary. 20 14. Apparat ﬁ@‘rdl ng
to claim12 or 13, characterized in that the second support e erren

(18-, 40) extend through openi ngs |n the plate (1.4;36). 27 0 1 JUN 2004

15. Apparat us acc rdin 1 acteerj, zed -

second support el rrentg‘ %‘%Eﬁq 41Iboge %er&vvl 1{% F&etdﬂﬁ E?@Ef and
relative toit. 5 0 16. Apparatus accor ing to cC aracteri I n
that the second suppofbaEacisrzRdsin 4t t ?eroﬁ‘tﬁbae}”ﬁea%&r:?@cisl Wtfcﬂé‘g%

faces -away fromthe substrate. 10 17. Apparatus according to one of the
precedi ng clainms, chagactseriunetiohyoh dpvialignfentt bt theassubsmiete (12;8Rk
substrate dianeter. 18. Apparatus according to one of the clains 6 to 8,

characterized in determined by the detection unit.

10.  Apparatus according to one of the claims 2 to 4 or 6 to 8,
characterized in that the support element (22;42) andfor the

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

10 11.  Apparatus accto claim 10, characterized in that the plate

(14,36} is tiltable.

12.  Apparatus according to one of the preceding claims,
characterize:d in that the second support (18;40) has at least two

15 second support elements (18;40) that form the horizontal plane.

13.  Apparatus according to claim 12, characterized in that the

second support elements (18;40) are embodied to be stationary.
20 14.  Apparatus according to claim 12 or 13, characterized in that the
second support elements (18;40) extend through openings in

the plate (14,36).
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15-that the acing between the abutnment pins (24;38) is adjustable as a
function of the substrate dianeter. 20 19. Apparatus according to one of
the clains 2 to 4, characterized in that the first support elenents (22;
42) are rotatable about a conmon center point. 28 o 1 JUN 2004 20. ‘
Apparatus according to one of the clainms 2 to 4 or 19, <characterized in
that the first support elenents (22;42) are disposed on @1rﬁhpmmble

el enent. 5 21. Apparatus according to one of the preceding clalnhs,
characterized by a substrate-handling device for the transport of the
substrate (12; 32), whereby the novenent of the handling device is

controllable as a function of the substrate dianeter. 10 22. Ap t us
according to one 0% t hAppaatug asceiEing torglaim gl 2oer i% ?Qﬁraiﬁr'zéﬁdggﬁg}eﬁﬁzed
in that the first (22;42) and/or the second support elenents (18;40) are
synchronously novabl e secame suppodceleorents (40 anetrovalde togethrrowithathe
dianeter. 15 23. Method for the alignnment of disk-shaped substrates,

especially sem conducb%ﬁe Y5 edrsd refdthve fohe fol l owi ng method steps: placing
t he substrate upon a second support of an alignnment apparatus, the second
suppor§ form ng an essentially horizontal plane;

16.  Apparatus according to cltaim 15, characterized in that the
second support elements (40} are biased in a direction that

. faces away from the substrate.

10 17.  Apparatus according to one of the preceding claims,
characterized by a device for the measurement of the substrate

diameter.

18.  Apparatus according to one of the claims 6 to 8, characterized in
15 that the acing between the abutment pins (24;38) is

. adjustable as a function of the substrate diameter.
19.  Apparatus according to one of the claims 2 to 4, characterized in

that the first support elements (22;42) are rotatable about a

20 common center point.
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20 -nmovi ng, especially tilting, a novable first support of the alignnent
apparatus into a position that is inclined relative to the horizontal for
rai sing the substrate fromthe second support and 29 0 9 JUN 2004 5 for the
novenent of the substrate into a position that is inclined relative to the
hori zontal and in which the substrate rests against at |eagt jgpeg@but nent
due to the incline; rotating the substrate into a predeterm ned rotated
position; and nonitoring the rotated position with a detection unit. 24.

Met hod accordi ng . (r:]I ghm 2 s (iggcr?ggﬁqgelttﬁggné Nof h@& ER§meUBPQLt 4a|afei ?:?’Si -

abut nent are nov accordrng to one of th

23 or 24, characterized in that the substrate is rotated by rgtat.lng at

| east one abutnent el eheactesizedndn dbat ﬁ@%tﬁrsgéuﬁ%’m(?ge@%ér é?ﬁ.g%o €l ai m
25, characterized in that at |east two 15 spaced-apart abutnent el enents
are rotated. 20 27. Metlispdsed coraligigtabie eleseift. t he clainms 23 to 26,
characterized in that the rotation of the substrate is controlled as a

function of an alignnent of the substrate detected by the detection unit.
28. Method according to one of the clains 23 to 27, characterized in that

the diéatrreter of t?'? SUR?JEJE\PE}tSSi Sac%%}&ﬁﬂﬂi N8d one of the preceding claims,
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.

10 22, Apparatus according to one of the claims 2 to 4, 18, 19 o0r 12 to
16, 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.

15 23.  Method for the alignment of disk-shaped substrates, especially
. semiconductor wafers, with the following method steps:
placing the substrate upon a second support of an alignment
apparatus, the second support forming an essentially horizontal
plane;
20 moving, especially tilting, a movable first support of the
alignment epparatus into a position that is inclined relative to the

horizontal for raising the substrate from the second support and
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30.-01 JUN 2004 0 5 10 15 29. Method according to claim 28, characterized in
that the space between the abutnent elements is adjusted as a function of
the dianeter of the substrate. 30. Method according to one of the clains
23 to 29, characterized in that the substrate is rotated by a rotation of
the first support. 31. Method according to claim 28, charagtiejijnzagl i n that
the novement of a substrate-handling device is controlled as a function
of the dianeter of the substrate. 32 Met hod according to claim 28,

¢characterized in that the first o th on nek

moved in one directidRf E‘Cf\’l?rﬁ’%etq 3)"11 spﬁ@tr%%t;gfq §Lb%%g Oh t@ﬁﬂél&]{&f‘o“s' 4
relative 1o 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

5 monitoring the rotated position with a detection unit.

24. Method according to claim 23, characterized in that the suppont

. ' and the abutment are moved in common.

10 25 Method according to one of the claims 23 or 24, characterized in
that the substrate is rotated by rotating at least one abutment

element of the abutment.

26. Method according to claim 25, characterized in that at least two

15 spaced-apart abutment elements are rotated.

27.  Method acenrding to one of the claims 23 to 26, characterized in
that the rotation of the substrate is controlled as a function of an

alignment of the substrate detected by the detection unit.

28.  Method according to one of the claims 23 to 27, characterized in

that the diameter of the substrate is determined.
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29.

30.

31.

32.

01 JUN 2004

Method according to claim 28, 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 23 to 29, characterized in

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

Method according to claim 28, characterized in that the
movement of a substrate-handling device is controlled as a

function of the diameter of the substrate.

Method according to claim 28, characterized in that the first

and/or the second support is synchronously moved in one

direction as a function of the substrate diameter.
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