Apparatus and method for separating and transporting substrates The
invention relates to an apparatus for the separation and transportation of
substrates. The substrates are disc shaped 5 and fragile. For separation,
there is provided a carrier device that takes up the single substrates in
the formation of a substrate stack and keeps themready for the separation.
An unl gpdbrgtdevihed &akthbes fel skhe rpheagsandl tsapapiitam@Rdbstrates
transportation. 10 The invention further refates to a nmethod for the
separation and transportation of substrates that are being provided in a
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shape. 20 A "substrate stack" defines a plurality of substrates that are

st ackedtbat o tedds otiRer the at¥rnkfed ssibgé rbfesi dénorthme fammat iamheodt her .
Accor di [ [ stack, | i C h substr rf.aces are
nor 1 zontar P58 P AR ¢ 8, et rhn " Bt cBont Ui e Br R D g one
onto thenbbhetngi fddhiecesubsitnrdiee sUutf agles Proyd i oFl , sephsacobhespomnds to
a "standi ng" stack of substrates standing side by side. The individual
substr at 8311SRPEL&aF+@Aady det ached from a hol ding means that is necessary for
thg sawi ng process, and stacked free and independent from each 30 other.
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substrates. This nmeans that the substrate that is provided at the end of an
uprightsubstrate stack.

15 The “substrates” are disc- or plate-shaped and usually
rectangular. They are obtained from a substrate block subjected
to a sawing process. They have continuous edges that are
substantially straight, wherein the "corners <can be of a
rectangular, a rounded, or chamfered shape.

20
A “substrate stack” defines a plurality of substrates that are

stacked onto each other or arranged side by side or one after
the other. According to the invention, a stack in which the
substrate surfaces are horizontal is referred to as a “laying”
25 stack of substrates laying one onto the other; if the substrate
surfaces are vertical, this corresponds to a “standing” stack
of substrates standing side by side. The individual substrates
are already detached from a holding means that is necessary for
the sawing process, and stacked free and independent from each
30 other. Unintentionally, however, the individual substrates
often still adhere to their mutual surfaces due to the previous
sawing process. For the further processing, it 1is wusually
necessary to separate these so stacked substrates. This means
that the substrate that is provided at the end of an upright

35 positioned substrate stack shall be removed with an apparatus



35 positioned substrate stack shall be renpbved wth an apparatus - 2 from
the substrate stack and transferred into the further treatnent process. The
"stack direction" of the substrates within a substrate 5 stack is
determned by the position of the substrate to be separated. The individual
substrates are oriented such that they are substantially standing with
their sgré@aceshdeidipstotd gualsscld 0 0le arahBEerrEar tLheospegéal reasige pf
exactly and entirely contiguously oriented substrate surfaces, the stack 10
di rect i BRe2bReREpRFASE®Ract |y to the direction of the surface nornal of the
substrate(s), wherein the positive direction p0|nts to that end of the
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substrate being supported on the carrier device e carrier device picks up
t he subsbrmte stfackHeor sedoeatplad ealfst)or wawmngn ahtéorpoenbyivag dfreheighue

that 1 spoften ysed L orgder Lo flx o the TaLElallyoinsaued substrates, onto a

to be separated shall be taken. If this substrate is positioned
at the right side o0f the "“standing” substrate stack being
15 arranged within the carrier device, the staple direction thus

points to the right in arrow direction.

The "“feed direction” of a stack substantially corresponds to

the stack direction.

* The “stack start” denotes that end of the substrate stack, at
which the next substrate to be separated is located. This 1is
that end that points in feed direction. However, 1f it 1is
generally referred to a “stack end”, this does not clarify

25 whether the stack start or the opposite end of the stack 1is
meant.

The substantially perpendicular or upright positioned substrate
stacks are provided in a “carrier device” with one edge of each

30 substrate being supported on the carrier device. The carrier

device picks up the substrate stack for example after sawing
and/or removing of the glue that is often used in order to fix
the initially unsawed substrates onto a holding plate, and
transports it to an unloading device where separation shall

35 take place. The carrier device preferably is designed such that



transports it to an unl oadi ng device where separation shall 35 take pl ace.
The carrier device preferably is designed such that - 3 it takes up the
substrate stack as a whole, i.e. the individual substrates substantially
stand contiguously next to each other- r one after the other, respectively.
5 If desired, the carrier device can allow for or enforce a certain tilt
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so that tilt angles between -90° and +90° can occur. Positive
15 angles indicate a backward tilting of the substrates (opposite
to the feed direction); negative angles indicate a forward
tilting of the substrates (in feed direction). Preferred tilt
angles are in the range of +5° to +35°; particularly preferred

are tilt angles of +15° to +20°.

= According to the invention, ™“adhesion” means forces that act
between two surfaces and evolve from the approach of these two
surfaces to one another. Since the adhesion forces described
according to the invention shall develop within a fluid, it is
25 necessary that the fluid volume located between the two
surfaces 1s reduced, what, 1in general, can be achieved by
displacement and/or through extraction by suction. In order to
comply with the object of the invention of an as much as
possible gentle handling of the substrates, the reduction of
30 the volume is only carried out to the extent that a fluid- or

liquid film remains between the surfaces.
The “unloading device” serves for the separation and
transportation of a substrate away from the substrate stack.

Here, the substrate that 1is located at the one end of the



liquid filmremains between the surfaces. The "unl oadi ng devi ce" serves for
the separation and transportation of a substrate away fromthe substrate
stack. Here, the substrate that is |ocated at the one end of the - 4
substrate stack is picked up by the unl%adi ng device, for exanple using
suction devices, detached fromthe substrate stack and thus separated, and
fed inteubssybsequenickr eiad Npyitcke@d ULpanspordtad | e IYREESS. dEkE cenl oadirng
device serves for 5 dislocating the substrate to be separated fromthe
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with respect to the subsequent substrate, so that 15 only shear forces
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adhesion. On the other hand, the substrate may be removed by
displacement with respect to the subsequent substrate, so that
15 only shear forces develop between the two substrates. In this
case, the substrate to be separated is shifted or removed
upwards in direction of the planar extension of the substrate,

preferably approximately perpendicular to the plane of the

carrier device.

* Depending on the wunloading direction, different forces of
different magnitude act on the substrate to be separated and
the substrates still located in the stack, whereby these forces
particularly act on the substrate following the substrate just

25 being unloaded.

For separation of the substrate stack it 1is intended that the
stack together with the carrier device 1is arranged within a
fluid, whereby it has to be understood that this means

30 substantially liquid media. Within the fluid, “flow devices”

are provided that blow the fluid against the substrate stack
from one or the side(s) and/or from below or above,
respectively. This takes place in such a manner that a flow 1is

achieved that is directed to the substrate stack and results in



fluid, whereby it has to be understood that this nmeans 30 substantially
liquid media. Wthin the fluid, "flow devices" are provided that blow the
fluid against the substrate stack fromone or the side(s) and/or from bel ow
or above, respectively. This takes ptace in such a manner that a flowis
achieved that is directed to the substrate stack and results in 5 "fanning"

of the rrghiidyal csubgshsatiagiandulseepd ki nerRd Nagda disd@Neg tReRach, of her.
This means that between the individual substrates an interspace devel ops
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15 electronics with a sensor receives a signal that is equivalent
with the substrate to be unloaded being arranged in a proper
position and location, operation of the unloading device 1is
enabled for separation. If the substrate to be separated does
not lie against the position detection device in a proper

20 position and location, a different signal is generated and must
then be interpreted accordingly. The position detection device
can furthermore be used for moving the substrate to be
separated by the use of suitable, e.g. geometrical, constraints
into the desired position that is necessary for the release of

25 the signal for the unlocading device, and/or for holding the

substrate there.

In one of the known production methods for substrates that are
for example be used in the production of solar- or
30 semiconductor wafers, silicon blocks or silicon columns (herein
referred to as substrate blocks) are used, that are sawed in
thin, fragile wafers (herein referred to as substrates). The
substrates produced in this way have typical thicknesses of

some 10 to 300 pm and are usually of a quadratic or rectangular



for exanple be used in the production of solar- or 30 sem conductor wafers,
silicon blocks or silicon colums (herein referred to as substrate bl ocks)
are used, that are sawed in thin, fragile wafers (herein referred to as
substrates). The substrates produced in-this way have typical thicknesses
of sonme 10 to 300 pmand are usually of a quadratic or rectangular - 6
shape. FneperabkyretrhpY yt hemegachdraveadn gsge hengblgeofldmyto o218 My For
sawi ng, the substrate blocks are usually glued onto a 5 holding neans. This
hol di ng2k@af8-typically consists of a metal carrier, onto which a gl ass
plate is nounted as an internediate carrier, whereby the substrate block to
be treated is_glued nt o _t l.ass ate. Alternatively and according to
the pri %‘cr)r asr?"?lré 'so to eFu%%tt%Fi%ael sgggﬁﬁﬁe Used ufsour‘-’”t(aj‘n% (groiﬁset uc?pig’8n df 10
the hol Hbbgingamsankor Thhe haldieat meanef tyipe csulst radresi entoépngdmbeéore it
is necessary to conpletely saw through the substrate block in a disc |ike
manner, C&86riRAt PRECCHPirbsél PFle8te i WeyichdAHEab a%i3R r hpEebredkatat o
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t he subshtat ¢heblgdass pleop! ed bt yrsepaval pdahdt acicodidiinduado stibst paties, a
conb like object is forned, 20 Before %?e i ndi vidual substrates now haying a
di sc shdpkd agEonEtTRParBa et Adhed CPPoMS HES%dI dPRg thgarfen S &9 aff ng
usyal I y+takgs1ghagemedRsFOr carrying out the sawing process a nediumis
required that substantially conprises glycol and, if necessary, further
chem cal additives as well as a separating agent, e.g. such as silicon

car bi deFgraitie Fabsiomdiom iof cehd edubskuntygs arghtioned before it is

necessary to completely saw through the substrate block in a
disc like manner, so that the cut itself extends beyond the
15 substrate block 1into the glass plate. After sawing the
substrate thus produced still adheres with its one edge to the
glass plate via a fastening with adhesive. After the substrate
block 1is completely separated into individual substrates, a

comb like object is formed.

* Before the individual substrates now having a disc shaped
geometry are detached from the holding means, a pre-cleaning
usually takes place.

25 For carrying out the sawing process a medium is required that
substantially comprises glycol and, if necessary, further
chemical additives as well as a separating agent, e.g. such as
silicon carbide grains. This medium is called “slurry” and
serves for carrying out the sawing process. Normally, a certain

30 residue of slurry always remains in the space between the

individual sawed substrates. In the worst case, during the
treatment or subsequent to it, the slurry becomes paste-like,
since it mixes with the silicon particles from the substrate
block as well as with the wear debris of the sawing wire being

35 used in the sawing process and the separating agent, or because



serves for carrying out the sawing process. Normally, a certain 30 residue
of slurry always remains in the space between the individual sawed
substrates. In the worst case, during the treatnent or subsequent to it,
the slurry becones paste-like, since it mxes with the silicon particles
fromthe substrate block as well as with the wear debris of the sawing wire
bei ng 35euseilni potpensawisng Hr ohesadanctiute separtat whghagenth, othdecabse - 7
certain conponents of the adm xture react with each other. Due to its
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often residues of the 5 adm xture can be Tound between the substrates. WO
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substrat es erein the separation tak place_ _ip the dry, i.e. outside of
a Pi qui a&%fﬁ{?r%\ %?t?‘F‘lg%i%gnghée%egﬂbﬁ?a‘f‘ggsEﬁﬂQ%ﬁl‘y occur by nozzles. A
robot-like device grips the substrate to be detached via suction devices
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substrate is detached fromthe hol ding neans by an oscillating novenent of
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generated within the suction device so that the 20 detached substrate can
agai n beheendyldtFabm the dedi céetaeheado vhae7audrien sciovéese et hoasivad
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fixed with their one side (edge) to the _holding neans are ,
movement of the evice. Oscillating "movements in different
15 directions are -enabled. Gripping of the substrate to be
separated takes place by aid of a suction device that 1is
arranged above the surface of the substrate and fixed to the
device. For release of the substrate, a certain gas over

pressure 1s generated within the suction device so that the

20 detached substrate can again be removed from the device.

DE 199 00 671 Al discloses methods and devices for the
detachment of disc shaped substrates such as, in particular, of
wafers. It is proposed that the substrates that adhere to each
25 other directly subsequent to the sawing process and that are
still fixed with their one side (edge) to the holding means are
kept in a distance to each other by a well-directed fluid jet.
A wedge device serves for the separation of the substrate to be
detached from the holding means. At the same time, the
30 separated substrate 1s removed from the holding means by a

gripper arm like device having suction means.

DE 697 22 071 T2 discloses an apparatus for the placing of
wafers that have been obtained by sawing of a substrate block

35 into a storage element. Handling devices are proposed that



kept in a distance to each other by a well-directed fluid jet. A wedge

devi ce serves for the separation of the substrate to be detached fromthe
hol di ng means. At the sane tine, the 30 separated substrate is renoved from
t he holding neans by a gripper arml k& -device having suction nmeans. DE 697
22 071 T2 discloses an apparatus for the placing of wafers that have been

obt ai ned1hypwsawidg ofrappilhgt rajfe brogkd 38ri Nt & or ages gl erertioHead! i ng
devices are proposed that - 8 allow for gripping of round or square cross
sect i onédibosgwsderatadsl af@lr f brapsaasFengi fjemhdmtiontdo atardndikekebdsicéat .
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sawed sPYDSTAEESSi's | ocated within a 10 tank filled with fluid. In contrast

to the prior art, the holding neans together with the substrates that are
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surface. A wedge device causes the substrate to be separated

15 being detached from the glass plate. A conveyor belt that is

arranged in close proximity to the substrate serves for the

transport of the detached and floating substrates. A pushing

device ensures that the holding means is always brought in the

same position and horizontally moved against the wedge device

20 for the detachment of the respective substrate. On the other

side of the conveyor belt a device 1is provided for the

automatic insertion of the separated substrates into a stand.

Aim of the detachment 1is that the separated, disc 1like

substrates are stacked after being removed from the holding

25 means and inserted in predetermined devices or placed directly
and contiguously on top of each other.

EP 0 762 483 Al also discloses an apparatus that is, inter

alia, capable of separating planar substrates. The already

separated substrates are provided in a carrier device, where

30 they for the time being touch each other with their surfaces.

For separation and transfer into a container the substrates are

transported away from the stack using a pusher and, if desired,

by the aid of rollers and/or fluid Jjets, wherein it 1is

imperative that the substrates are in a horizontal, i.e. lying



25 neans and inserted in predeterm ned devices or placed directly and
contiguously on top of each other. EP 0 762 483 Al al so discloses an
apparatus that is, inter alia, capable of separating planar substrates. The
al ready separated substrates are providded in a carrier device, where 30
they for the tine being touch each other with their surfaces. For

separ at pepi engnt ransdirdiMe ateont ghaer g igiistratasigieatlianspofhed
away fromthe stack using a pusher and, if desired, by the aid of rollers
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and suffers froma %eries of disadvantages. If it is desired to omt nmanua
oper at i SRPShBIEReRLELAFE8: 15 necessary for the separation and require

conpl ex devices. However, since the substrates are very fragile and thin,

pll.%t e h%;&gvék’b“{ﬁé esaﬁet Qﬁ%‘ﬁ ngnoé]oggi@igket%n%e()f Ts%g)rAQaVMitorﬁ CQEMON,
gripper Tike s{ystens. nce, it I's necessary to provi very ~préeci sé and
sensi tivesdevttes. Absucnrel ngkyordiegstad e tofe t hetaris sdd<stfdnrtulal | ynd

di scl oses such _devices that grip.the respective substrate by neans of a
suctionsaégﬁéé.fEPWeétP?réﬁﬁegftHéS§GHPPBﬁ98§Vice has been
If it 1is desired to omit manual operation, movements are
15 necessary for the separation and require complex devices.
However, since the substrates are very fragile and thin, plate
like substrates, these cannot be picked up offhand with common
gripper like systems. Hence, it 1is necessary to provide very
precise and sensitive devices.

20
Accordingly, the state of the art substantially discloses such

devices that grip the respective substrate by means of a
suction device. Directly after the suction device has been
moved toward the planar surface of the substrate to be

25 separated, a gas vacuum is generated by a vacuum pump between
suction device and substrate to be separated, so that an
attachment of the substrate to a handling device is possible.
However, care must be taken since the substrate to be separated
can break because of the low pressure being too high.

30
In contrast to these methods in which a wvacuum or a low

pressure of least 1 mbar has to be adjusted between two
surfaces, the adhesion according to the invention upon

maintenance of a fluid- or liquid film is effected by a low

{ N —— e o5 S
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noved toward the planar surface of the substrate to be 25 separated, a gas
vacuumis generated by a vacuum punp between suction device and substrate
to be separated, so that an attachnent of the substrate to a handling
device is possible. However, care nustlbe taken since the substrate to be
separated can break because of the | ow pressure being too high. 30 In

contraspréosthesenaet hedsmich WikeRe2 tRQHUM Ova@uh@Wandl ssifes dbetwdsh 1
nbar has to be adjusted between two surfaces, the adhesion according to the

i nventi Bn3uped Onaiheenapee BFeherpbiy-1orappgekd PifinPps-effected by a | ow
- 10 pressure that is nuch weaker than a vacuum and ranges between 0.3 and
0.5 bar,_and.preferably is approx. 0.4 bar. In .doing.so other crjitical

poi nt a??sgs?lg?orﬁq’heal¥%%rtle{ hgfl%%cf‘%eptoe@ﬁec“ﬁjvgeessUBE?Ilhat%glenE“iCtbe{hat
approached, respeceobtaci@dthiatd heudangéi pgpdeyired, Siinee tdvnidtsdd abg may
not in any case be pushed away by the device, an exact positioning is
necessakhe hppdeirg, defisei s SAPERi dhkt sudispeaten Mevve ENdiD t3eyY ec@se be

provi de | ati.ve V. n f. the hol di . Q- Qsi f 1 onj f the
Cubst r g o5 Bvadp Y BRE T hel oy e ttE S : BTG Eh a8, B A PR 0
provi di Rgweher hol thhg neansdifsethilteorsespondomng segr eesndf frieetomis
Therefore, tolerances are  possible that result in a possible damage of the
subst r aPECY§9€Be SeparBtddiven TRECBEREr Kdnd, thichhAddéRENt Sl | §OF ake

1s ,pl ac tthin: a flui o] bst.r he_ri hejn
disigl oca 8%%?612\1/@% grlfo%ehnesbilﬁggﬁ%gvgp?gs?&r ?ﬁaa{é&e&éuﬁs t%;é r grfrﬁ%%g{ ot
i ndi vi dohé roveiierg s mefarishe deviscesroespecgalihe hodarids t heasgbsitases. 20

A separation carried out nanuak%% involves the risk that the very thin and

fragil ecaér%PPn%n_ai seeghepRd FubdeRdoq pr aRIeIPR par FPLEFARCEECaRER Of
the incpeased1 8dhesiondNQ108Sin a possible damage of the substrate to

be separated. On the other hand, such movements usually take
15 place within a fluid, so that the substrates run the risk of
being dislocated or even broken by a flow pressure that results
from the individual movements of the devices, especially

towards the substrates.

20 A separation carried out manually involves the risk that the
very thin and fragile as well as disc shaped substrates break,

in particular because of the increased adhesion forces.

The object of the invention 1is therefore the provision of
25 devices and methods enabling a removal of thin, fragile and
stacked substrates almost free of damage.
The fundamental idea of the invention is to provide a carrier
device on which a substrate stack 1is 1located with the
substrates being sequentially arranged one after another in
30 feed direction, and an unloading device, with the
characteristic that the unloading device grips the respective
substrate that is arranged at the stack start of the substrate
stack at its surface pointing away from the substrate stack,
slightly dislodges it from the following substrate, and then

35 guides it parallel to its planar surface away from the



The object of the, invention is therefore the provision of 25 devices and
nmet hods enabling a renpval of thin, fragile and stacked substrates al nost
free of danage. The fundanmental idea of the invention is to provide a
carrier device on which a substrate sthck is |located with the substrates
bei ng sequentially arranged one after another in 30 feed direction, and an
unl oadi egbdevhce, swhtk the tohar acsr iRxtdnc tHwtcdhel aml dadl og. deni geiggi ps
the respective substrate that is arranged at the stack start of the

substraf@ it ack AEnfeBeRbRtallafoint HeLEHAhay PEEATEAe PSUNRFRteS sEAERS

slightl yndighRdogse i tsfdamdihe ell-gw pgi sybsiral fye@nd,itheh 33 gvides, it
parallel to its planar surface away fromthe - 11 ~“substrate stack and thus
away frohrbhghcahicer idepagd.idul adoithe swstrated urdairental athangedséteam

gener at by nozzles fl t hrqugh the sybstrate stack being _arranged

O ot e B2 B shro st ks o Tl o of st P apeer getn
arrangedaah thke frae ?Hﬂsohahﬂ@r$UQﬁir@&ﬁéﬁéﬁ@g aFe theptsupks tr £ s¢ apge
from each other. In this manner, an adherence of the substrates to one

anot her ong ayeithed. ¢ areidade Aitngha hsamet Eémmy r éddlst sst¥eamhseputhati on
of a flyid i /o] t ween i pdi i dual at th a
danpinggéffgggpagggﬁgﬁy?ﬁe ?g 2§bsF;Q 8 tg %éiggpa?gggggéurﬁﬁawégg ag%?oach
of the unbe&ddHngl dawb<eratedsl, bseakiaget ok tdemp Ntk viedifalctsubst s ates ena be
avoi ded. A % i pper arm of the unloading device grips._the substrate to be

;
sefar at SUPRFEATE GO fserSeRASHEH adibhier CPRaAPRIREON W1 Baf ngnpPadéng
bet weenqbliecr i PRgh aRdohbRE SUDSET atfel5iha; PUakes auBKstoaReq! cabnexkent

via boreholes or perforations provided in the gripper and/or squeezed out
t hr oughavappgedachinggrsppéhatarmpont devhsd opmdtadinga seffiicel egtcipssmahe
i nterspa adhesi on forces occu are mai ntai,ned wi.thout further

, t hat
SUCti on SHREFSRtEquee TG RAFT TR Pheh gfi FpaPPEAULEs SHCh 5 manner that

the fluid being present between the gripper and the substrate
15 is sucked away to a great extent via boreholes or perforations
provided in the gripper and/or squeezed out through
approaching, so that, upon development of a sufficiently small
interspace, adhesion forces occur that are maintained without
further suction and/or squeezing, so that the gripper causes a

20 planar adhesion force acting on the substrate.

Therefore, the solution of the task consists in providing an
apparatus according to claim 1 and/or a method according to the
features of claim 16.

25 One of the basic advantages of the invention relies in the fact
that the substrates <can be completely and automatically

separated safe from breakage in a fast cycle.

The basic idea of the solution is that the substrates that are
30 substantially aligned perpendicular but slightly tilted at an
angle to the feed direction are fanned within the substrate
stack by a flow device. Preferably, flows generated by flow
nozzles pass between the first five to ten substrates, so that

the individual substrates are held in a distance to each other



20 pl anar adhesion force acting on the substrate. Therefore, the solution of
the task consists in providing an apparatus according to claim1l and/or a
nmet hod according to the features of claim16. 25 One of the basic

advant ages of the invention relies in thé fact that the substrates can be
conpletely and automatically separated safe from breakage in a fast cycle.
The basandi dea ofaihedsofltion damphad tdeslsiduss r aleseidat beewedd the

substantially. aligne erpendi cular but _slightly tilted at an angle to the
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Pref er agbyositowstgenerat ege bykt! oy npzad esqpasst beh weené hei firsiqhadve to
ten substrates, so that the individual substrates are held in a distance to

each ot febstrapesandeso bal Fhd fdainpedappi hecuratilond degerdpnbettweehhe he
i ndi vi dua| bstra oA f for s_on.the,substrates osite to.the
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stack- or'fe ecti on, ein ubstr he CSurs® of

the netyedecagtcoddcBplietbhy Dudiveiid ognt Npé EurFhee aonpr essed: sBtoes, a
counter force is generated conpletely over the entire surface that stil

al | ows fPbraaresdidngdl HR¥AEDIIItY Within eertain Lilmits, i pepe¥tepk@r for
t he sub at o] th r Thy u r.+ fo IS ited
toget het ot Tt heUPSer Aal COVABeTi o 1 SPE0 It T abl & tRe SPTRELE of
t he unl fadcag idevegelbdtpdshtogeahast wild stibst rsdsel dur bemeepdridtied. Wt hout

indirect danping b ans of the fluid d i ng.cushion | ocated between the
f dfincd SEDSET 4bsCR ARl SuBDT aBELRBEF d Hr caRE vioTH ORCGRY pROBLBF| it Pugh
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fromabove, i.e. in parallel to the longitudinal extension of the

respect bye sedoss r atfes thed fheidf odamping cushion located between the
fanned substrates the substrate would break with high
probability.

15
Concerning a standing stack, it is preferred that the gripper

is inserted from above, i.e. in parallel to the longitudinal
extension of the respective substrates and therefore
approximately perpendicular to the stack direction, and then
20 guided against the substrate to be separated. According to a
preferred embodiment, the boreholes or perforations preferably
being present in the gripper serve for suction of the fluid out
of the space between the gripper and the substrate to be
separated. For this purpose, it is necessary to have an active
25 low pressure that can be generated inside or outside of the
apparatus by dynamic methods (e.g. a pump), static methods (low
pressure vessel) or other methods. If eventually gripper and
substrate are in direct contact so that only a very thin fluid
film (some nanometers up to 50 micrometers) is present between
30 gripper and substrate, adhesion forces build up in the close
interspace that allow from now on for self-acting adherence or
adhesion of the substrate to the gripper. Maintenance of the

active low pressure is no longer necessary.



approxi mately perpendi cular to the stack direction, and then 20 gui ded

agai nst the substrate to be separated. According to a preferred enbodi nent,
t he borehol es or perforations preferabl bei ng present in the gripper serve
for suction of the fluid out of the’sb¥Cé bet ween the gripper and the
substrate to be separated. For this purpose, it is necessary to have an
active Rbcbodipgessur ent halt emin thevegepabatieétiennsi dehor deutisiede afihébeon

apparatus by dynam c nethods (e.g. a gunp), static nethods éé(ﬂN pressure
vessel ) CBR Gtif&r Rt REGSCTRA RenfARPPFi¥i pér HH fdubst (A APeLVReWi r ect

contact 5@ tRatrQeby aperYaddudk ihdd thnfibm ($ARE NARTRL §fSe MPid O PRe
m cronmeters) is present "between 30 gripper and substrate, adhesion forces

bui | d upniventhenchbse ehvnieagpace thmbiaktdwnfebdntheseormpodigehtsacti ng
adherence or adhesion of the substrate to the gripper. Mintenance of the

acti ve IOM/gres ure is no |onger necessarg. -.13 According to an
al t er nat'¢&%e SHFt , LPRECBe % dPalhtsH 6Ar L ¥ af taadS hetBRRedtitF Sy tO

squeezi PEe0¥h 11 B hhUisdpkiomRet ween nlhe RURIAGRS; iy appr oxé NBLL9P-Qfct he
sanme, wherein the invention also envisages a conblné{lon of these

enbodi neat He Ssapeset edheditbn fror cesipper paean dwd aefyegtedt grananaret hbse t o
the folLpw n ubstrate, .so tha he unl oading of ,the substrate ,to be
orar ot bREw R EARR St 10 LS, KR RATLAY  Rhps st gl e 58,
dimecti g @het hp 10l bW ngisERStshalae: Adrdal Ngc60ontB ahd heuw@sta@nl yom nor

shear forces act onto the substrate to be separated, thereby considerably
decr easPfig tRpappkaagetherely TemBplidedvabiynpresseadingr ckBearkragbaged.

G ven ar€§8(faﬁ8n§9ﬁéacéﬁthégm fokatge eg89?%5 tQﬁeadQ98i§Qdf°rE§§e§rea
great er an the forces bei Ag generated by the tenporary ow 15 préssure.
Unl oadi sgrtaem i tadhistilade stadkryet hereodyigh theeqderey ons fossddl gre
Furt hernore, the adhesion forces are of
greater than the forces being generated by the temporary low
15 pressure. Unloading from the substrate stack with a high
frequency is possible. Furthermore, the adhesion forces are of
such a magnitude, that they, depending on the geometrical
design of the gripper and the substrate weight, still allow for
adhesion of the substrate to the gripper even without
20 generation of active 1low pressure, 1in particular when the
substrate 1s located outside of the fluid surrounding the
substrate stack. Here it must be taken into account that the
functional interrelation of borehole diameter and number within
the gripper surface, the dimension of the gripper surface, as
25 well as the magnitude of the low pressure that is necessary for

sucking off the fluid and suction-caused attraction of the

substrate are considered.

The gripper itself is preferably arranged in such a manner that
30 is consists exclusively of a beam. According to alternative
embodiments, the grippers can be bar-shaped, finger-shaped, o-
shaped, u-shaped, triangular and spiry pointing in the gripper
moving direction (v-shaped), or have a 2-dimensional design.

The gripper can be constructed substantially rigid as well as



such a magni tude, that they, depending on the geonetrical design of the
gripper and the substrate weight, still allow for adhesion of the substrate
to the gripper even without 20 generation of active |ow pressure, in
particul ar when the substrate is |ocated outside of the fluid surrounding
the substrate stack. Here it nust be taken into account that the

functiogabstaheisel ati ofn &fihos ehole diamten andprdFberod t hhhe theu@k i pper
surface, the dinension of the gripper surface, as 25 well as the nagnitude
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itself IS prereraply arranged 1 n su a nmanner IS Consi s
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direction and/or produce as little turbul nces as 055|bl when renDV|n
the SubSERht ¢1Er o THoLRbsPiat & RIS 5ChRd TS g thot SubSeqpERgTated

separ at EQR MRiJpRE1yThee JELRREES Put ablefMadi JTRSH ssadditheaal |1M'1<'J'tav§ré he
advant age that only one gripper can be used for different formats of

sulist r agéseadnd bmbéﬁnthenpilnthpﬁe [sie) gﬂupplhgngﬂe sbbyer attdhe o0 hermal
separated _can prop be carri out__even an ubstrates that are 10
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pl anar rather an adhesion force is achieved that extends in a planar

15 manner over the contact surface between gripper and substrate.

According to a further embodiment, the gripper can also be
designed as a flexible band made from a suitable material such
as e.g. plastic, wherein the band is most preferably designed
20 in such a manner that its surface is passable for the fluid, so
that the fluid both can be sucked and emitted as well as
displaced. For this purpose, openings in the form of boreholes
as well as in the form of a porous basic material can be
provided. The low pressure that is necessary for the suction
25 can be provided by a substantially stationary device that is
arranged at the end of the substrate stack and attaches the
free reverse side of the band at the beginning of the gripping
process and draws off the fluid through the openings until the
front side of the band and the substrate to be gripped have
30 come sufficiently close to each other. After creation of an
adhesion as mentioned before, the band can transport away the
now adhering substrate, wherein the thin fluid £film 1is

maintained at all times.
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15 manner over the contact surface between gripper and substrate. According
to a further enbodinment, the gripper can also be designed as a flexible
band nade froma suitable material such as e.g. plastic, wherein the band
is nost preferably designed 20 in suehifB-manner that its surface is passable
for the fluid, so that the fluid both can be sucked and emtted as well as

di spl acﬁ@cof@fné hit PUHPOSRVeAPEBhNITH 1H¢ mre@s%frebowh@b%%ra%d\mae as
in the formof a porous basic material can be provi ded. | ow pressure
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of the band and the substrate to be %rlpped have 30 cone sufficiently ‘cl ose
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can trapﬁgogﬁb t+hgnt80¥ﬁgd€§£ﬁ£§%?§?§% $é§% ghereln the thin fluid film

is nmaintaine fe i nvention, the | ow
pressure is generat ed at the beginning of the unloading phase. Even if this
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direction and that surface normal of a substrate that points

15 more towards the feed direction is greater than 0 degrees, i.e.
positive. In the case of a standing stack this means that the
edge of the substrate that lies on the carrier device 1is, in
feed direction, arranged in front of its upper edge. This
involves the advantage that the gripper can plunge into the

20 fluid parallel to this orientation and remove the substrate in
this plane as well. Through this, it is also avoided that the
standing stack tips forward during a transfer of the carrier
device within the fluid, resulting in a loss of 1its
orientation.

25
Thus, the carrier device is moveable in at least one direction.

Preferably, it 1is moveable in feed direction; to be precise,
firstly so far until the first substrate to be separated of the
substrate stack arrives at the position detection device.
30 Afterwards, it 1is e.g. moveable 1in steps, wherein the step
width preferably corresponds to the respective substrate
thickness that normally is constant over the stack:; to be
precise, so far until eventually the stack’s last substrate is

brought up to the unloading device. Alternatively, the carrier



15 nore towards the feed direction is greater than O degrees, i.e.

positive. In the case of a standing stack this neans that the edge of the
substrate that lies on the carrier device is, in feed direction, arranged
in front of its upper edge. This invol¥es the advantage that the gripper
can plunge into the 20 fluid parallel to this orientation and renove the
substraievide thhsbpl aseigseveklatibhaugh thi $hiist dasadl suva dednddrad t he
standing stack tips forward during a transfer of the carrier device within
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Al t er nadlivetyjomnhencdiréetidp oflevheestankbetaesi gned stationary. In this
case, suitable neans would be provided with which the substrate stack can
be nmoved in feed direction on the carrier device. Alternatively or
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noveabl e opposite to the tee irection in direction of the stack start.
The posthisn detectibonpdeviided s thadevithe f grodihe adet eddtieont odn 1fethee
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are ori gabedrhpedi 6RELKON @y t Neecreasing the distance between the

position detection device and the substrate stack, the fanned

15 start of the substrate stack is adjusted until the substrate to
be separated bears against all pressing pins provided. An
additional sensor element, i.e. in the form of a touch sensor,
emits a corresponding signal, by which the gripper can now
plunge preferably between the pressing pins and separate and

20 transport the substrate to be separated.

In case the substrate stack comprises substrates with a
thickness exceeding the average thickness that 1s set for the
adjusting of the pressing elements and therefore the resulting
25 step width, this condition 1is detected by the position
detection device, so that the substrate stack is accordingly
moved in feed direction wuntil the next substrate to be

separated contacts the pressing elements.

30 Alternatively or additionally, the position detection device
can further comprise a protractor. 1In this way, the exact
position of the substrate to be separated can be determined and
optionally be used as quantity for quality verification of the
substrate to be separated.

35
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substrate stack. By decreasing the distance between the position detection
devi ce and the substrate stack, the fanned 15 start of the substrate stack
is adjusted until the substrate to be separated bears against all pressing
pins provided. An additional sensor-el’erent, i.e. in the formof a touch
sensor, emts a corresponding signal, by which the gripper can now plunge
pr ef er aplys bet neeihd i RS So AU RN AL AR ale il 90 LhRASROLY e
substrate to be separated. In case the substrate stack conprises siubstrates
wi th a catiicknesiewkoeedinygl admbiayerdagel adhi ckiess tdwmtids sat fugll hes

adj usting of. the pressing el enments and therefore the resulting 25 step
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f1 ow defd ekl aslamRindas cushdioni oAsSdR TR déike Lagk dapBRPAL USHParkiul arl y
suitabl g..for the separation and transportation of substrates has been 5
creat ed, %y whi ch the procedural steps can be carried out automatically and
wibh an extrenely | ow breakage rate conpared to the state of the art. This
advant aper t 1se stippo) t e bekhgn fdfuitth «lanpl sud cughienias preeilded sange oased

upon the flow device. 10 .
as the hence predetermined removal of the substrate

perpendicular to the stack direction have the effect that no or
only weak tensile or compressive forces act on the substrate to
15 be separated. Advantageously, this unloading device is designed
in such a manner that the removing occurs parallel to the
planar extension of the respective substrate, so that as little
as possible tensile, compressive or bending forces act on the
substrate. The gripper can be in the form of a single gripper

20 as well as a band.

The further transport occurs preferably within the fluid.
However, it is also envisaged that the gripper is brought out
of the fluid and that the gripper deposits the substrate that
25 is attached by means of adhesion onto a transporting means such
as e.g. a conveyor belt in such a manner that fluid is emitted
in direction of the substrate through the boreholes provided in
the gripper, so that the planar-shaped substrate can come off
the gripper easily and without the effect of tensile and/or

30 compressive forces acting on it from the outside.

The cycle is indefinitely repeatable.

One of the basic advantages of another embodiment of the

35 invention is that the gripper can exhibit a certain tolerance



Furthernore, the design of the unloading device itself as well as the hence
predeterm ned renoval of the substrate perpendicular to the stack direction
have the effect that no or only weak tensile or conpressive forces act on
the substrate to 15 be separated. Advaht ageously, this unloading device is
designed in such a manner that the renoving occurs parallel to the planar

extensi on 9tst BBprBsRACHcV & Hbsig st Lt SO0 thal sagoki tld @ ss2% Poasd bl €ne
tensile, conpressive or bending forces act on the substrate. The gri pper

can be 9hipperfsrapofcaasthyl éngdicppér of20hes sndldt et e trarke Terafateder
transpo oGgour r.ef erab Lthin,t fluid.,_ . However, it i | so envi saged
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gri pper S8aRC kBB & PdANaitn TV EUNCEC - the sPRsfratgpfodieh terirrted
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t he subst?até’to Ee éep r at &%)éﬁﬁithat it is po§?t|one§ ?%erél %%ther, t he
danpi nglobateddeelrings due to the arrangenent of the substrates within the 5
fluid as well as to the flow device can advantageously be used in that the

gripper_noves with little force contrary to the feed direction against the
subst r abROERaEK2AVABEEEG OdstIR | FHTPREECDI BRdRtedntactt o RV st rafe to
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forces being present between gripper and substrate, so that

15 each individual substrate relatively independent of its size
and outer shape can easily be removed without breakage, even be
partly cleaned due to the transport within the fluid, and be
transferred to a certain device such as for example onto a
transporting device.

20
A further alternative embodiment of the wunloading device

relates to a device having a defined degree of flexibility, so
that tolerances are compensated between the positioning region
with respect to the planar arrangement of the receiving surface
25 and the substrate to be separated. The gripper, the handling
device and/or the connection between both components are

formulated flexible and thus deformable.

In order to increase the <cycle time for the separation,
30 according to a particularly preferred embodiment, a further
means 1is provided for the take-over of the separated substrate
from the unloading device. Within the time span in which the
substrate is deposited by this further means onto a conveyor
belt, the unloading device can already take up a further

35 substrate from the substrate stack. Alternatively or
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10 | ocated behi nd. Anot her advantage of the invention relates to the

provi sion of an apparatus that enables to automatically use the adhesion
forces being present between gripper and substrate, so that 15 each

i ndi vidual substrate relatively indepebdent of its size and outer shape can
easily be renoved w thout breakage, even be partly cleaned due to the
transpogddint idwan the £hdi dubafbnbealtyanabariedit @nd oeRlid HaaWLe sich as
for exanple onto a transporting device. 20 A further alteérnative enbodi nent
of the bl poeNdedeiiate arel swesched aofewphashavi ng a defined degree of
flexibility, so that tol erances are conpensated between the positioning
region _With respect to the planar.arr%nge rece|V|£g sqiface 25
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t he congestt OHt Pt weere bt i cONPONGAL 5 25 echd of pted flexible and thus
deformable. I'n order to increase the cycle tine for the separation, 30

according to a particularly preferred enbodinent, a further neans is

provi ded. for the take-over of the separated substrate fromthe unl oading
devi ce. —¥£HEA the tinme span in which the substrate is deposited by this
furtherpaporse®nd fe aigonveyor belt, the unloadi ng device can already take
up a further 35 substrate fromthe substrate stack. Alternatively or 19
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Depicted are in: Fig. 1 [A-ifventsidrgmain cppresenl ati oheofp ridhedureerds ve
separation and transportation process of a

substrate to be separated;

15 Fig. 2 a schematic presentation of an embodiment of
the apparatus according to the invention as

of Fig. 1 in a side view;

Fig. 3 a schematic presentation of the embodiment
20 depicted in Fig. 2 in a perspective view;
Fig. 4 [A] a schematic presentation of a first process

step of the apparatus according to the in-
vention as of Fig. 2 in a side view;
25
Fig. 4 [B] a schematic presentation of a first process
step of the apparatus according to the in-

vention as of Fig. 2 in a perspective view;

30 Fig. 5 [A] a schematic presentation of a second process
step of the apparatus according to the in-

vention as of Fig. 2 in a side view;

Fig. 5 [B] a schematic presentation of a second process
35 step of the apparatus according to the in-

vention as of Fig. 2 in a perspective view;
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10 principle of the apparatus according to the invention, in particular the
procedure of a separation and transportation process of a substrate to be
separated; 15 Fig. 2 a schematic presentation of an enbodi nent of the
apparatus according to the invention-ag0 of Fig. 1 in a side view, Fig. 3 a
schematic presentation of the enbodinent 20 depicted in Fig. 2 in a
perspective view, Fig. 4 [A] a schematic presentation of a first process

step of F&E? @8p ﬁF atus accordi pgnLA,the g@és‘éﬁ@%ithP?%fOfa Hgird bPoBeshde

view, 25 Fig. B] a schematic presentation o rst process “step of the
apparatus according to the stepvelft ithie asppdrdtigs actordipgr specthoeintew,
30 Fig. 5 [A] a schematic presentation of _a second process  step of the
apparatus according to the YRRty@mt#onChsf 49 Ff gin 22 i @esVé8YView Fig. 5
[B]s a schematic presentation of a second process 35 step of the apparatus

accor di @% togt E% In- vention Q?h%a b9 p2esBnRaRELRPYH Y N EY 28.eEL9- 6
[A] a sc drirat’i E)resent ation of a third process step of t?’ue appgrat us
according to the in- ventiostas of Rhgp &oparatss decebeding Riog.tlte [ Bh-a
schematic presentation of a third process_,step of the a Barat us according
to the in- vention as of Fi¥eNBIeR &S pt she@t | el’i}i%vxl?elig BFHLVY TRFVa

schematic presentation of a fourth process step of the apparatus according
tqothe %@@. 7 [A] a schematic presentation of a fourth process

step of the apparatus according to the in-

vention as of Fig. 2 in a side view;

Fig. 7 [B] a schematic presentation of a fourth process
15 step of the apparatus according to the in-

vention as of Fig. 2 in a perspective view;

Fig. 8 [A] a schematic presentation of a fifth process
step of the apparatus according to the in-

20 vention as of Fig. 2 in a side view;

Fig. 8 [B] a schematic presentation of a fifth process
step of the apparatus according to the in-

vention as of Fig. 2 in a perspective view;

25
Fig. 9 [A] a schematic presentation of a sixth process
step of the apparatus according to the in-
vention as of Fig. 2 in a side view;

30 Fig. 9 [B] a schematic presentation of a sixth process
step of the apparatus according to the in-
vention as of Fig. 2 in a perspective view.

Description
35 In figure 1, drawings A-F, the basic principle of the apparatus

according to the invention 101 as well as of the method
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vention as of Fig. 2 in a side view, Fig. 7 [B] a schematic presentation of
a fourth process 15 step of the apparatus according to the in- vention as
of Fig. 2 in a perspective view, Fig. 8 [A] a schematic presentation of a

fifth process step of the apparatus-a¢icording to the in- 20 vention as of

Fig. 2 in a side view, Fig. 8 [B] a schematic presentation of a fifth

processacSéEPiRd e aprarahyenageqr digg é@hérﬁ&ti@alY?ntéi@@i@*@e@f Fiis 2 in
a perspective view, 25 Fig. 9 [A] a schematic presentation of a sixth

processaPpaeptwi 10k apparateblacdordithg tsepehretilen \vavd itoramspeftdiipn 2 in
a side g%egxis 30_.Fi 'dgs @;tf%gche ic presentation of a sixth process step

of the appara?—ussha Tor i g The TN: vention as of Fi g. 2 in a perspective

view. Description 35 1In figure 1, drawings A-F, the basic principle of the

appar at g +ReCa i 40 t BRpbhY RRhtONdDl- By Wekheass @istherd®t hod -add
according to the invention is schematically depl cted. This apparatus 101 is
sui t abl erfangedheliseparsabisdir adred stramispbll at vbhareoh dhec-ssiierd tsubstact es
102. 5 t he exenpl ar nmhodi ment__depi cte the s trates 102 are
arrangelfTn i c BB P S a0 FoaCRRoPE N RboSubbT at clat ack b AL
suppor teebsfr@ &I ri®r dend ce1k4dyThaekadhedugbonsulstiatl @8nd OZnedres .

al ready detached froma hol ding neans. Preferably, the surface nornals of
the surfeebesrablyhe thei ngiwifagsl wstala esOf_LOZt%Qi nebggagese iaf f eete

d'lBeCtIPrQ%f\;;fedu$ cliped w1 %%?”g&fn@ir%' H;r?” "ne)fégﬁp'd[%%%t'i%nf'aqf’ée 2)
t owar ds the Teed direction. Upon arrangenent of the apparatus
inclined with an angle o (tilt angle) (depicted in figure 2)
towards the feed direction. Upon arrangement of the apparatus
within a fluid this inclination avoids in the <case of a
standing substrate stack 103 that the individual substrates 102
15 float or unintentionally leave the <carrier device 104.
Furthermore, the individual substrates 102 can be taken up more

easily by the unloading device 107 that is yet to be described

in more detail in the following.

20 The individual planar-shaped substrates 102 are arranged next
to each other in such a way that their surfaces contact each
other. Adhesion forces act between them that result from the
very small interspace between the substrates and from possible
contaminations e.g. from a preceding sawing step. Due to this

25 arrangement the substrates 102 determine a defined feed

direction 105.

In the depicted figures, the substrates are shown
schematically. Therein, the schematically shown block view
30 means that the substrates in this region are lying very close
to each other. In the further region, namely the unloading
region, the substrates are fanned and exhibit an interspace.
The adhesion forces between the fanned substrates preferably

are zero.
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within a fluid this inclination avoids in the case of a standing substrate
stack 103 that the individual substrates 102 15 float or unintentionally

| eave the carrier device 104. Furthernore, the individual substrates 102
can be taken up nore easily by the unkdadi ng device 107 that is yet to be
described in nore detail in the follow ng. 20 The individual planar-shaped
substrates 102 are arranged next to each other in such a way that their

sur f aces¢RRLAct 2aclia 1ot AMDOSI A RIEeH Al oL yrRD LBETENah)r esul

fromthe very small inteérspace between the substrates a rom possi
contanlpapwedsde gthaton1aspre@@shqmpdwwmgQ}ggeﬂrlﬂkﬂa t o Itthi s i35 ashargenent
t he subst ate ﬁ}deternlne a deflged fee direction 105 t he deglcted

figures?® ﬁ@a 4t &5 ardCs hormP %ﬁ%nﬁ?i@gﬁﬂfntTh ?B}Hte?h3“§5henﬁ Acal 'y

shawn bls%lst\éh%walm MgABR st hat %P@ pSEBSI®E €S At ties 8GR rar @ olgyi ng very
close to each other. In the furt region, nanely the unloadi ng  region,

t he subsiengilésgardeyapmed dam abdd biin afnlg nt drspate. iTheradhesidonwhorcbes
bet ween e fan ed subst rat refera are_zero. r.t her ccordi ng
Lo the PHIGHE ohs diE i G RF dEVElE 10 Ps SN tiod Fhatn s LIELFORE

gri pper diirketiihsi.s shevarapcheneinealdnt poert hepoexeapharye emdﬁém in
depicted here, and 5 substantlalhy shows a gripper 108. At the gripper 108,

a handldlllﬂf@C@é@iflc@f( gapicst dd 0 rerd @raurfdygn iaxes ramgeédranrenn afl ewsowo
moye anq/ r swivel the gripper 108 in different directions. Preferably, the
grlpper f 8 can be swiveled in direction of arrow 110 and around an axis in

directi eureheaimoew, 1@ llkrarfdpdhempr ededidd anspdrting gevie@edl3 This
provi ded. This trans orting device 113 consists of a conveying belt 114
t hat transporting device 113 consists of a conveying belt 114 that

is driven through an axle 115 in the direction of arrow 116.

15 Preferably, it is provided that at least certain components of
the apparatus 101, namely the carrier device 104, the substrate
stack 103, as well as parts of the unloading device 107 are
arranged within a fluid. Through this, it is achieved that the
substrates do not become dry over the duration of the entire

20 process, at least until their deposition onto the transporting
device. Optionally, the remaining components of the unloading
device 107 as well as the transporting device 113 can also be
arranged within the fluid, wherein the transporting device may
alternatively also have own means for humidification of the

25 substrates.

For the improvement of the separation of the respective
substrates 102 at least one flow device 117 with flow nozzles
118 is arranged through which fluid is injected into
30 interspaces 119, wherein this interspace 119 is located between
the substrate to be separated 102 and the following substrate
102. Preferably, the respective interspace 119 is maintained as
long as fluid streams out from the flow nozzles 118 into the

interspaces 119. Advantageously, interspaces 119 between two




is driven through an axle 115 in the direction of arrow 116. 15 Preferably,
it is provided that at |east certain conponents of the apparatus 101,
nanely the carrier device 104, the substrate stack 103, as well as parts of
t he unl oadi ng device 107 are arrangedddithin a fluid. Through this, it is
achieved that the substrates do not becone dry over the duration of the

entire 2@pprogess, B12| edstelddi lid hedr CePosdd | e P tdge #¢ ansdastd Ng
device. Optionally, the remaining conponents of the unloading device 107 as
wel | ass@hetraeespbf?iabe deyreedqds can also be arranged within the fluid,
wherein the transporting device may alternatively also have own neans for
hum di ficatign of the 25 .substrates., For_the inpraovenent of the separation
of the i%sp%a?5e I;Cgubsatvro dés Tt?zat attﬁ]%asﬁ&%e FFB\ﬁe&evinc(pee 1177 % YH 49 ow
nozzl essuBdBra e ar napgedot hr oagd WheChchlbuidri sadvj@st ad4i ntg IPrdsd mFpaces
119, wherein this interspace 119 is |ocated between the substrate to be
separ at @HenePt ankk 2 hel § olNreWiifg S ubsetat ein1obhe preferpbiyy t¢0Q@LMREE i ve

intersp - i Nt ag 4 i . u raomt flow
0751 o SHECTE o TPnEY e S HE Al a2 SEBRT B e ea et
bet weenl23w Up23 msubsénat es 102 develteptien s& ad&f iined geadidinr adiersh sever al

substrates 102 are arranged. In order to avoid that the fl ow causes the
i ndi vi deiglPstBakebkr BEe§CPOFL 6] PARE SERe 20RANISEr WSV iREE DT £ T hg

ehgnment 322 is pfoyi geéohh%raic@ik ef%ﬁ‘»%gp'i%%x%g%@ ﬁ“tthedeféxcé%edt' t he
figures, substantral [y conprisés pressing pins . Upon novenent o he
substrate gkaekaitedf dgd dheedinfdrow hef shbstfilatiel t bnbe sepear ot s ppassSes
agai nst_t he pressing elenents 10 123, so that a counteracting force is
exertedltd-the force that is generated by the inflow of the fluid into the
i nterspaces 119.

In the interspaces 119 so-called fluid cushions develop by

15 which it can be ensured that the individual substrates 102
contacting the respective fluid cushion are held in a distance
from each other. Further, these fluid cushions have the
characteristic that a damping effect results due to exertion of
the counteracting force by the pressing element 122, but also

20 due to the gripper 108 contacting the substrate to be separated
102.

In fig. 1 [B], the gripper 108 of the device 107 is already
arranged parallel to the surface of the substrate 102. The
25 gripper 108 moves parallel in direction of arrow 110 and in a
further subsequent step towards the surface of the substrate
102; to be precise, so far until it has contacted the substrate
to be separated 102, as depicted in fig. 1 [C]. Due to the
pressure of contact generated by the gripper 108 when touching
30 the substrate 102, the respective 1interspace between two
substrates 102 is decreased. A damping effect develops due to
the arrangement of the fluid within the interspaces 119 present
between the respective substrates to be separated. In this
representation [C] the boreholes not depicted more closely in

35 the figure are activated within the gripper 108 by generating a
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In the interspaces 119 so-called fluid cushions develop by 15 which it can
be ensured that the individual substrates 102 contacting the respective
fluid cushion are held in a distance fromeach other. Further, these fluid
cushions have the characteristic that2&-danping effect results due to
exertion of the counteracting force by the pressing elenent 122, but also

20 due fgut hediRRErad 08cCOHAGH NghLiNe, sHhat rdf echo heuseparaded df2. In
fig. 1 [B], the gripper 108 of the device 107 is already arranged parall el

to the gutppee df08 hatsudsts attdelubgtheate5tgriggppesepdB8atedesi QZarantel in
directi of arrow 110.and in further. subs ent st towards t surface
of the SOBotPEFESEIE3: PR BE prle: SUBSEs Ay TR N (Heae FOMSEt bOF ¢ he
substrageecat oybersepad@t ethdl02n agsddepishedidrtd i Gevkildels - bPEGekA thRe
pressure of contact generated by the gripper 108 when touching 30 the

subbst r acenteet sHafpespectlihfe faninpate beppechedwdby dlisstefilbsena ¢§

decreased. A,danpLng_e ct,devel g du o the arrangenent of the fluid
Wi t hin ?ﬁ% F% é$2%5§%s£&§9%593388 Eisgtﬁééh the respective substrates to be

separated. In this representation [C] the borehol es not depicted nore

closel yrhe 3%ipperf n08r acdee agtinyaiRd aMHdYihd haued Ppes OB Byc8eaergti ng
a 24 low pressure as set forth above. Due to the |ow pressure the gripper
108 att tactfidgure sifbstumtelt dtbheageptarasid 102 uanbetrake ilMerapazethet ween

t substrate 102 and the gri.pper. 1Q8 .i s reatly. .reduced and an _agdhesion
f oPce GEean SRRt barRonn iehe A 1 hnia R PR ISR FE SlRBEPREL Dy
the effhyancgroppethembibti cbdr amddte fd owirazzl espppd8itEhetgri pper £884noves

with the adhering substrate 102 according to figure [D] until it can
deposi t dihecsibst létoe 192 bheb thereld s ramspontrAagiagvicde U, prasshng

brocess the uphLy ofc SUBSIL At Wd PRA AN BE TRYSCRe! | LhbSegRRRS e
unloading motion. Alternatively, for release of the wafer the
15 position detection device can also be moved a little in feed
direction. According to the invention, these two movements can
also be combined. According to fig. [E], the substrate 102 is
positioned flat onto the conveyor belt 114. For separation of

the next substrate 102, the gripper 108, according to fig. [F],

20 is moved again in the position shown in fig. [B].

The adhesion forces that develop during the suction-caused
attraction of the substrate to be separated 102 are dimensioned
such that they are sufficient for transporting the substrate

25 102 being taken up by the gripper 108 within the fluid.

In figs. 2 and 3, an apparatus 201 is schematically depicted
that shows, in comparison to fig. 1, a further development of
the basic principle.

30
The apparatus 201 is suitable in particular for the separation

and transportation of disc-shaped substrates 202.

In the exemplary embodiment depicted here, the substrates 202

35 are arranged in a substrate stack 203, wherein the substrate
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direction 105, so that there is no contacting of the pressing pins 123 with
the substrate surface during the subsequent unl oadi ng noti on.
Alternatively, for release of the wafer the 15 position detection device can
also be noved a little in feed direection. According to the invention, these
two novenents can also be conmbined. According to fig. [E], the substrate
102 is sposktinned ffd ats QMR He GANVEYOEabelbr1l4evFor Separati@h ofne the
next substrate 102, the gripper 108, according to fig. [F], 20 i1s noved
agai n i ndheigosl t sohsshewnsi G gar¢ Bplrehdvadissiadred of tes whatodéired op
during the suction-caused attraction of the substrate to be separated 102
are di meRSiohed such that they are sufficient for transporting the
substrate 25 102 being taken up by the gripper 108 within the fluid. In
figs. ZppafbBanpy, aRPRY aiHgi4Qbubs SshssBEd€as| v dlepiacleda rtBakeghaywssy i N
conparison to fig. 1, a further devel opnent of the basic princCiple. 30 The
appar at tesROdt i 2osuedéh| ethermpabyi anAodiorg t he tSapar ahgds a@ndfig. 2)
transportation of disc-shaped substrates 202. In the exenplary enbodi nent
depi ct efioFee@ bPehueanbsheafegdogrregtigne 28pr dagedhien sang‘]fmq rmEnask ek 203,
wher ei n e at S i r J carrier i,ce 204,
and thetﬁ?na;ﬁ\g/?a%%l O?utz)@%er atggggﬁggggr(%O;iﬁ&gglgi/%%%%&acﬁgd% re£%$%¢%%€'
means. ByPtefserabtyinbdheonpdifvirdaal azuhsygeakas 2202 tdre ayparmgact Wwithin
respect to_each other béﬁencl osing atilt angle a (fig. 2)  forned beté/veen

f

th8 feedl HVELtFBA 205CARACPRE Shr Pacs 2MGHREI POt Qi fdh% BIPIHAT
substrale; pRi MgNg; Por &5 i R dfed i ERSE! Ohe BWALRLGUANC! ERBELLRLeEO2 @Y
arrangenent of the apparatus wthin 10 a fluid and in the case o? a standing
posi ti ohlo&tt lmdsubsfinbertishatky203eate i shavocaedi¢hatdavhed ndDyi. duthe
SUbStraES igggual substrates 202 are arranged in such a way that their
surfaces contact each other. Thus, the individual substrates

15 form a sequence that determines a defined feed direction 205.

According to the invention, there 1s further provided an
unloading device 207 that 1is designed gripper-like. It 1is
depicted schematically in the exemplary embodiment shown here
20 and substantially shows a gripper 208. At the gripper 208, a
handling device 209 is arranged which allows to move and swivel
the gripper 208 in different directions (directions of arrows
210, 211, 212). The gripper 208 and the handling device 209

together form a gripper arm.

25
Furthermore, a transporting device 213 1is provided. This
transporting device 213 consists of a conveyor belt 214 that is
driven through an axle 115 in direction of arrow 216.

30 In the preferred embodiment, at least certain components of the

entire apparatus 201, namely the carrier device 204, the
substrate stack 203 and parts of the unloading device 207 are
arranged within a fluid. Through this, it is achieved that the
substrates do not become dry over the duration of the entire

35 process, at least until their deposition onto the transporting




float and unintentionally |eave the carrier device 204. The individual
substrates 202 are arranged in such a way that their surfaces contact each
ot her. Thus, the individual substrates is forma sequence that determ nes a
defined feed direction 205. According?¢c the invention, there is further
provi ded an unl oadi ng device 207 that is designed gripper-like. It is

depi ct ede§cbemat bl bial Myt heagxenplary edRednieRt shwbiaies 20 andihe
substantial ly shows a gripper 208. At the gripper 208, 'a handling device

209 is anlaﬁ@e@gmﬁevhcal PBWs aso wiedve a@ncthmtvr@lnsz:tqretlg?q p:p%\rl<2®82131 may
dlffere rg%é §n§u99h%88£h§g%l%hdarKﬂWﬁmn%%othgl%ra%; Thet%rlpger 208

and the evice ey form a grrpper —arm ernor e,

t ranspoaltégnﬁleiHI@ByZﬂl&yl SleOWaG}%dow'ﬁhlnféanTsr mpmdmlﬂmﬂma&ﬁon?l@f comsi st s
of a conveyor belt 214 that is driven through an axle 115 in direction of
ar Pow 238P5BBat@aSt he preferred enbodi nent, at |east certain components of
the entire apparatus 201 nanely the carrier device 204, the substrate
stack 2 d part e un devi ce 207 are garr ed_wi t hi

fluid. EHFoEgﬁ thlf:c> |t S ach‘gg\gf"e’ thastept%ra%: rbst(r:’ate St 0 noT Pec Eo]Jrreedry
over theudstattes D2t ha entdse 3hepriaemssdewiicd easy withl fai rnegpdsstion
onto the transporting - 26 device, Optionally, also the renaining
conponeﬁi% dfs t RETanARGadihg tevi ¥EC DTt is afel Ehas SRk r heEcr t Figowai ce

213 hggaarﬂ%’l%edlg“ tl'}{\;'leéﬁ‘e & fliged, wpe ﬁ'tBalsEScUaf‘f&OWh%gre‘ig]"'€ﬁe

alterna I may al S0 have own neans for Ication of th
substraiaSerEpatéealq(Heté&bpmpbevedesemMaﬂsubstﬁat@etbeSﬂecseparated
substrates 202 at |east one flow device 217 with flow nozzles 218 is

ar r anged0f nafRe W%i HOH{CBINE hEUBPAER TSt &% -t HTughl 20 WRPER R vl i dre
Injectegd i BhQe@nihNbgreRREa2ldn WA &idhihe of the substrate stack 203

that is to be fanned. Normally, this applies at least to the

15 first four to nine substrates 202 following the Jjust to be
separated substrate 202. Through this, several interspaces 219
develop, wherein each interspace 219 is limited to the right
and to the left by a substrate 202. Within the interspace 219,
a fluid cushion develops that has damping properties.

20
Further, in fig. 2 and fig. 3 a position detection device 220

is depicted. This position detection device 220 substantially
consists of a further handling device 221 as well as of a
pressing element 222 that is arranged at one free end of the
25 handling device 221. The pressing element 222 further comprises
pressing pins 223 that, according to fig. 2 and 3, contact the
surface of the respective substrates 202 in a defined position,
or that bring it in a defined position due to the contacting
and hold it there, respectively. The further handling device
30 221 is moveably supported in and against the direction of arrow

230.

Further, a sensor element 224 1is assigned to the position
detection device 220. This sensor element 224 has the function

35 of detecting whether a planar contact between the substrate to



i nterspace 219 devel ops between the substrate to be separated 202 and the
foll ow ng substrate 202. The flow nozzles 218 are arranged in particular in
the region of the substrate stack 203 that is to be fanned. Normally, this
applies at least to the 15 first four £b-nine substrates 202 followi ng the
just to be separated substrate 202. Through this, several interspaces 219

devel oppe Weswd Fa€agh 101t erssppce ngl9pireskiifyt ed1tfehbe ppght anapdrt ocide
left by a substrate 202. Wthin the interspace 219, a fluid cushion

devel opBrefainagiganp? Agiprppepens. 20 Further, in fig. 2 and fig. 3 a
position detection device 220 is depicted. This position detection device

220 substantj al ists of a further handli i.ce 221 as, wel f
oressin SPERoAL S35ORTENTs & Ui Gt o PRt PRENEnA2dr ‘e S0 Y g
devi ce 224s. The apessi Mehied esBns o221 EMEAPED 28 ORIGHI®S callEs SddYtsdd Nsh223

that, according to fig. 2 and 3, contact the surface of the respective
subst r apeesenee| ok defs nebggsiation,to obet haepbriatigdi t 2PA.a Hefi neliis,

PoSi1 og fecLor Lhesgoatacting . and Aldhdt there. respectively, The furher

handl i ng~devr ce 30 novea supportedi e directTon of

arrow g30ximut{hekitahsesdr themerhs324 diemsy gned hast he poséiidfer
det ecti on device 220. This sensor elenent 224 has the function 35 of

det ect i hgk@heCREPNENS| RRINToRLAEPrbefwaén @ hBiBEPstA2at eS® othap7 ithecan

separ at ed. d e i e and/ e ressin [ n 31is
pﬁgsentsgigggegﬁaﬁhgnﬁiéﬁ%%ﬁ?qgﬁitﬁfg %%%é%rgglg%éép 33%'iiﬁﬁégwg egr%% 5
figs. 2eand237 HirresenSor ehppent 224 trechant £adé Yyosemnpes ddmest ptesense of

the substrate to be separated 202. For this, different settings are

provi deBiet Agtegt8ddelect dh vy ehrRAnt Ly i terrersed i sahsdrIenenkent
224 has;g EHQeZESYGB of the proximity switch 229. The home position of

the sensor element 224 1is taken when no substrate 202 1is
15 detected at the free end 227. The free end 227, via an
imaginary 1line, 1s arranged between the free ends of the
pressing pins 223, and the other free end 228 1is designed so
that the distance between the free end 228 and the proximity
switch is almost =zero. As soon as the free end 227 receives
20 pressure the sensor element 224 swivels, and the distance of
the free end 228 to the proximity switch increases. If this has
taken a position calibrated before, it can automatically be
detected whether a substrate 202 is positioned in contact at
the free ends of the pressing pins 223. Without pressure at the
25 free end 227 the sensor element 224 moves back into its home
position. In alternative embodiments of the sensor element 224
not described in more detail, the detection of the presence and
position of the substrate can also be achieved by means of
other suitable devices, such as with e.g. optical or acoustical
30 proximity switches, wherein the mechanical transmission of the
contact information wvia knee-lever and hinge 225 can be

omitted, where appropriate.



| i ke conponent being supported at a hinge 225 so that it can 10 swvel in
and against the direction of arrow 226. The one free end 227 serves for
support at the surface of the substrate to be detected 202. The other end
228 is intended for arrangenment in thedregion of the proximty switch 229.
The honme position of the sensor elenent 224 is taken when no substrate 202

is 15 Q?héch@sgtin%h%lfeﬁr%@iterEdzﬁzﬂreﬁéﬁﬁlfei§ngrggﬁg.eﬁi anamin | dvegl dafy
line, is arranged between the free ends of° the presSing pins 223, and the
other fthe &and228gi dalesiqnedl sdéhathaonriespdinsisarice beewsdad tt Fndleexend

228 and.,ihe proxim . SW § is_alpost zero. oon_as the,free_end 227
receivegﬁﬁg’prgé%ur%X?hzlggggorpg?%ﬁﬁﬁg Zghn§mf€%?s,p5%§efﬁglﬁis?ﬁ%ceo f
the freedendi2a8 tengbe.proximty switch increases. If this has taken a
position calibrated before, it can automatically be detected whether a
substrate 202 is positioned in contact at the free ends of the pressing
pi ns 22Blternabuvepyesstr eaat beherayifdece téhad X2 toiee seimsnre kdreemwnt 2224

noves back _into its _haone osi.tion. In alternative .enbodi ts of ,the sensor
el ement 1924 L ABECH O ipﬁ@ﬁ%]ﬂfr &%e&éﬁal f‘aPﬁng%t dEVish gﬂt’hearbq egké‘fﬁge and
posi ti opnhef pirBessusiialse 0@ atsoobedachieypt by¥ngears @fo widerisuihabl e

devices, such as with e.g. optical or acoustical 30 proximty swtches,
wher ei ndeRécheehnabéal onr &hgnifesicoenels Ofe theomrags ing @ img | 443 vahways

knee-1| eyer i Ng an.b om appropriate. - 28 The
pﬂgssinaggFgggnPhgzgugfg §r86|§thgg%%§gSE§h?§§an angle to the handling
device 221 that corresponds to the tilt angle a. Thus, the individual

pressi ngnpi #snd23 opr ¢frallpl ar&r ofhei geBiEcah berathiod Aldwramtiyel ys it
can be provided that the pressing elenent 222 is arranged perpendicular to
t he handPthg tder cehe@2subafdatieatstack 203 is moved in feed direction

205, more precisely so far until the surface of the substrate
15 to be separated 202 contacts the free ends of the pressing pins
223 of the pressing device 222. When the substrate to be
separated 202 is placed in a proper position and location, the
sensor element 224 is moved in one of the directions of arrow
226 and the proximity switch 229 detects the correct position.

20
If the position of the substrate to be separated 202 1is

correctly positioned, the unloading device 207 can plunge into
the interspace formed by the pressing pins 223 and take up the
substrate to be separated 202.

25
In the following, the individual process steps are explained in

more detail by aid of figs. 4 to 9.

In figs. 4 A and B the so called loading situation of the
30 apparatus according to the invention 201 1is depicted. The
carrying device 204 is ready for reception of a substrate stack

only roughly depicted.

The desired tilt angle o of the substrate stack 1is already
35 preset by according means. The unloading device 207 and the

position detection device 220 are in their start position anc



the pressing pins 223 are of different lengths, so that in the depicted
position the free ends of the pressing pins 223 always 10 contact the
surface of the substrate 202. The function principle of the position
detection device 220 is such that the2%substrate stack 203 is noved in feed
direction 205, nore precisely so far until the surface of the substrate 15

to be separ aleedm@B@dcamt aghi setbeohr eer epdsonf A1e phassimgdpirestida3 of the
pressing device_222. Wen the substrate to be separated 202 is placed in a
proper PbB5PYi oA3@nd KFBEREF6AVELHe JSBRsorcaSerentelEments mRcd Fabneldf the

directi reow Lt Wi tch, 22 etects t ct
posi ti O%Eal%e(?f B?héch%gg???o#%f ?%§%2%3¥22t elﬁcol%e%ggpasr ;a[%td gﬁif?{séﬁ
correcthy pedilt izoneddetdet sinhoadiutg tdemieC ecacaingl thge grdssindiepins

i nterspace forned by the pressing pins 223 and take up the substrate to be

separ at @@3202. 25 In the following, the individual process steps are
explained in nore detail by aid of figs. 4 to 9. Infigs. 4 A and B the so

call ed di i t.uati,gn t Cccor dinng the invention 201
is depi Jgggd.%?ergar&lpgi n(gE dét\r}%ceggbggiggﬁgea@?yﬂ or (réggep]flgonﬂo ¢ agglubéslgr ate
stack oniyi&dugbkytdepi eleecthaltheitlesanegdltheé anglbetaverdn tdree spibsss e
stack is already 35 preset by according neans. The unl oadi ng devi ce 207 and
the poBiRfoA?depEcthenPaesPtRI22beHPRE| A22heir start position and 29 can

bg ,noved in direction of arrow 210 and in direction of arrow 230,

respectively, The sepsot el enent 224 ?at.is arranged at fhe pressin

el ement 1552 P aePEEaLiaf “HBdiePon21ds i | HR et e s To RUbEeT arer

cont act kiBst et 85 €SBhBYfPbASNo22z223. 218 of the flow device 217 are yet
switched off.

15 Figs. 5 A and B show that the carrying device 204 is now loaded
with the substrate stack 203. This carrying device 204 or the
substrate stack 203, respectively, 1is moved in feed direction
205, i.e. so far until the position detection device 220 that
is positioned by movement in direction of arrow 230 has taken a

20 defined position. In this position, the pressing element 222
with 1its ©pressing pins 223 contacts the surface of the

substrate to be separated 202.

In order to effect a certain position- and profile true
25 orientation of the substrates 202, the flow nozzles 218 of the
flow device 217 direct fluid at the substrate stack 203 so that
at least a part of the substrate stack 203 fans and gap like
interspaces 219 develop. Due to the pressing of the pressing
element 222, further fanning of the individual substrates 202
30 is avoided. This also results in that the substrates 202 remain
on the carrying device 204. Provided that the appropriate
position of the substrate to be separated 202 is reached by the
fanning, the sensor element 224 detects the exact position. If
this is not achieved, either the position detection device 220

35 moves further in direction of arrow 230, and/or the further
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The gripper 208 of the unl oading device 207 is also in an initial position
so that it can plunge in between the pressing pins 223 of the pressing

el enent 222. 10 The transportation device 213 is ready for reception of
substrates. The flow nozzles 218 of th#&o 1 ow device 217 are yet sw tched
off. 15 Figs. 5 A and B show that the carrying device 204 is now | oaded

Wi th the,sHbshr 8k teaGinddda N St £LAL T Y0 019 dexkee 284 o hpnSubstipt e

stack 203, reSpectively, is noved in feed direction 205, i.e. so far until
t he posittonngetebicur dévtceZ20sehaer ¢sepeosit PAednby snovenentoiading

direction of.arrow 230 has tak a 20 def.ined,positi In this.position,
e’ pr cSSTRGL o BRerie 22°C o F1nEhee e T e 5952030t doei FRETSHHEce of
the suRstsate to begsgpanated 202. In order to effect a certain position-
and profile true 25 orientation of the substrates 202, the flow nozzles 218

of the flow device 217 direct fluid at the substrate stack 203 so that at
| east aIparfiigsf. t e Asubsdr & etke adk c@03ndankeand 1apcoénkenue ntter spacest 219

devel op.,Due to the essi,ng of the pressin el ement 222, further. fanning
of 'the. EROFY URFOSUBGEr atee 368256 | 2isvol e, PR G- G r 650l 1P He R
the subgtyalepmef2 beMai Bo @A1hRke GaNE RG IR id0Mn RV gedethigscdde
appropriate position of the substrate to be separated 202 is reached by the

f anni ng2lPhe Bars o Lefidnepias2Rdn desteastes t her exeadltiqioisig i en. @ppreprsate not

achi eve eit her .the pqgsi,tion detectiqgn _device 220 35 noves. further in
GiPoct | BATBHAr POREDS0 DI ThE FAPLREAC30 SPARKLRG o DUl cubelTare
stack 203kes epigetediud I twnecHigy acll onstashieavepbhatibhe 5ENSOhe

el ement 224 emts an according signal for release of the unloading device
207, a Aubptnetesn 20fbssagbCPs Wignaeagor element 224 is swiveled in

such a manner that the proximity switch 229 has been activated.

15 The unloading device 207 now moves in direction of arrow 210 in
such a manner that the gripper 208 plunges through the space
between the pressing pins 223 of the pressing element 222 of
the position detection device 220 and reaches the region of
contacting the surface of the substrate to be separated 202. By

20 swiveling of the unloading device 207 in direction of arrow 211
a contacting of the gripper 208 to the surface of the substrate
202 1is effected. Due to occurring adhesion forces that are
particularly intensified because of the low pressure developing
between the gripper 208 and the surface of the substrate to be

25 separated 202, the substrate can be moved opposite to direction
of arrow 210 as depicted in figs. 7 A and B. Alternatively or
additionally, it is provided that the gripper is swiveled in
direction of arrow 212 (fig. 7 A) until a planar contact to the
surface of the substrate 202 1is achieved. By this, the

30 substrate to be separated is released and can be removed in
direction of arrow 210, as depicted in figs. 7 A and B, 1in
order to subsequently dispose it onto the transporting device

213.



51nfigs. 6 Aand B the flow nozzles 218 continue to direct fluid into the
i nterspace 219, in particular to achieve developnent of a so called fluid
cushion within the interspaces 219. This fluid cushion serves for achieving
an appropriate 10 danpi ng effect betwe&n-the individual substrates. Now,

rel ease takes place due to reaching the intended position of the

substr ag&sevde, SiMCe&ARE SaRsonLwitmeatmddd | srsWiNE! edutPacsuchr a yyphner
that the proximty switch 229 has been activated. 15 The unl oadi ng device
207 nowswovesatie HPrbet isepagiated AP210ei phesuthe aprassendt Isdtemand g@ddper

208 pl upgeg Lhgough Lhe space., bet ween Lhe. o 8sslngy i nSe 223 ,0f the gressing

el enent € position detection vi ce and reaches e regi on of

cont act smigst hetsustaeg af03 hessuhsiddatieadieedeasaparttedogPdsi By 20 swwael i ng
of the unloading device 207 in direction of arrow 211 a contacting of the
gr Ppperfoo8 ddrerEisnr {4ty of St KA 3bsit afdgs202’ | 8 effdecBed ThBuesgnsor

occurring.adheshon Lot Ges ot Ralo,are . part) oyl ar géi‘c%?”%‘o“s&%‘i l?le(\a%%fset[}ﬁé the
| ow pressure devel opi ng BetWeen e gripper 2 and t B surface o e
subst r apeot Ombey 25w separ atedc282ththe thebsubateatan the b vwethapposd t202 o
direction _of arrow 210 as depicted in figs. 7 A and B. Alternatively or
addi ti ORI +9RIFE FNHREVT dBlyC tREeSEHRI P iPPetsds swiveled in direction of

arrow 212 (fig. 7 A) until a planar contact to the surface of the substrate

228 Lo PEPLEUSpld dIU P, (£15e S0SHOSKIAS) | ulEngoRRATBhOdrle® L SAREL AN

an be rénoved in Ion”of ar asS deprctedin gs. B

in ordesviecesub8equent | ytdi spaiepetr 0208 ,t hedspasfiordliyng deviwels 21ih - 31
However, in order to avoid damage of the surface of the substrate to be
separ at 8H:20P10R| PhePIERY prigssithPEleieh? 99posit fBfedUbsikédea 19 thee, or

the Carégﬁggaggai5822%%€Mtéhé*%%ansporting device 213 or its conveyor
belt 214, respectively, the carrying device 204 with the

15 substrate stack 203 in turn moves in feed direction 205 against
the position detection device 220, until a contact is achieved
between the substrate to be separated 202 and the pressing

element 222 with its pressing pins 223.

20 The deposition of the substrate 202 by the unloading device 207
is depicted in figs. 9 A and B. The substrate 202 is deposited
onto the conveyor belt 214 of the transporting device 213 and
transported away 1in direction of arrow 216 by a drive at the
axle 215.

25
Either during this process or subsequently, fluid is again

directed into the interspaces 219 of the substrate stack 203 by
the flow device 217 or its flow nozzles 218, respectively,
resulting in a fanning until the substrate to be separated 202
30 comes 1into contact with the pressing pins 223 of the pressing
element 222 of the position detection device 220. This causes
the sensor element 224 to generate the release signal for the
pickup of the substrate to be separated 202 by the unloading
device 207. In this manner, the process 1is repeated as often as

35 necessary.



substrate stack 203 is noved backed a little opposite to the 5 feed
direction 205, as shown in figs. 7 A and B. The sensor elenent 224 sw vels
back again in its initial position and the proximty switch detects that
the substrate to be separated 202 ne Bbnger contacts the pressing pins 223.
10 In the tine span (figs. 8 A and B) during which the unl oading device 207
or its gripper 208, respectively, swivels in direction of arrow 212 in
order tg.d it.the.s r ar.at ntq t t i ng
devi ce 3135950 3 oUHOTE YhiLeA% 200UY HRATA TR A RE0EEREEL "D,
wi th t hetdbks@st,r atiee staaclen2@3 ofi tswstrares i 202 ead dieceetteod 205 dgai nst
the position, detection device 220, until a contact is achieved Dbetween the

subst r aPEcE 8 B §é§5‘te§tted222%2°5p&_hlehes‘?ﬂ%%%i RyemenEmermt? 225 WPeRtYely. _
Pressi ngn@i A% 223ropPidhe AgPPShttPBnOhekBegsUPSt 585R2204 by the unl oading
device 207 1s depicted infigs. 9 A and B. "The subStrate 202 is deposited
onto the conveyor belt 214 of the transporting device 213 and transported
away i nTHer esdhediaari aoraws21Ghhy adévéVep atditieng axihe 230ct2bnEi theseduri ng

this process or subsequently, fluid is again directed into the interspaces
219 of BhEragbiPRaPé &h&cRY G IBye e b FRRFRATED 202 AT ¢ t SLPERW PY I es

218, re ti , ul tji.ng i:n f%ﬂﬁi untd | be
separat§§8§02¥§%¥coﬁé§§in%ggco #ﬁ%& mnt:a%:gggieéﬁgﬁggggﬁiégégt% gth%he
priessi ngubeteatat 2222 diat héspdsikaronuplebgcttihen geiprer 2208 Wiithicauslkes t he
sensor ?iengnt 224 to generate the release signal for the pickup of the
substrate"t®-be separated 202 by the unloading device 207. In this manner,
the process is repeated as often as 35 necessary. 32 As soon as no nore

SUbStra%ﬁez%%éééd@%%ﬁﬁgnéfbﬁh$a§uQ§&ﬁ%ﬂ%ed in regard of the treatment
of silicon wafers. As a matter of course, disc shaped substrates
15 made from other materials such as plastics can also be treated

according to the invention.



stack 203, the absence of substrates 202 is detected by the pressing

el ement 222 or the sensor elenent 224, respectively, 5 and an appropriate
mal f uncti on nessage is signal ed. The adhesion forces that develop during the
suction caused attraction of the subs¥ate to be separated 202 are

di mensi oned such that they are just sufficient for transporting the 10
substral esf02ft hatetent@ken up by the gripper 208 within the fluid. The
present Tnvention was explained in regard of the treatnent of silicon
wafers. Agsoa nmatten of ciy=$8cudi sc shaped substrates 15 nmade from ot her
materials such as plastics can also be treated according to the invention.

- 33 - 1i3d02f ref%rencexPEGF2PB1 apparatus 102 202 substrate 103 203
substrat e 19hack g 204 saydtvang gdevdice 105 205 feed direction 206 bore
hol es 107 207 unl oadi ng device 108 208 gripper 209 handling device 110 210
directionl8f arrdf? 211 #ABEdPPoRCB¥Cr row 112 212 direction of arrow 113
213 transpoiti ng @gvi ce skl g21d4-eypveyor belt 115 215 axis 116 216

direction of arrow 117 217 flow device 118 218 fl ow nozzl es
206 bore holes

107 207 unloading device
108 208 gripper
209 handling device
110 210 direction of arrow
211 direction of arrow
112 212 direction of arrow
113 213 transporting device
114 214 conveyor belt
115 215 axis
116 216 direction of arrow
117 217 flow device
118 218 flow nozzles
119 219 interspace
220 position detection device
221 additional handling device
122 222 pressing element
123 223 pressing pins
224 sensor element
225 hinge
226 arrow
227 free end
228 other free end
229 proximity switch
230 direction of arrow

o o tilt angle



— | e et -

119 219 interspace 220 position detection device 221 additional handling
device 122 222 pressing elenent 123 223 pressing pins 224 sensor el enent
225 hinge 226 arrow 227 free end 228 other free end 229 proximty switch
230 direction of arrowa atilt angle 34-- Cains 1. Apparatus for the
separation and transportation of disc shaped substrates, wherein the
apparatus substantially 5 conprisescidgnd ol | ow ng assenbly groups: - a
carrying device (104; 204) arranged Within a fluid, in which the individual
substrates (102; 202), in feed direction (105; 205), are sequentially
arrangetl. 1(Asparating doer ather sepéhetiom tdred f aremeboatathisir abé dtsack

(103; 203), - an. unl oadjng, device, (107; 207) for the s aration and
transpor t at $HHPoY aFuP§5§gt8ﬁe sUBéF?éPe %@2 RPAL2t Ysher DS t S 1t bAdi ng

deyi ce (107co£§9)s&§”@ﬁéS?élPoW§n@ré§§@mbi}Q§ro@Q ) with neans by the aid of
whi ch the substrate (102; 202) can be taken up and guided away fromthe
carrying device (104; 204), - a flow device (117; 217) for fanning of at

| east a part of thergubgt rdetwelcst ack0410304203rraamgk@0withipr essthgia enent
(122; 222) that, acts agal 3t t éiv1dual substrates (102; 202), in feed

in whi
direction (105; 205), are sequentially arranged
10 standing one after another in the form of a substrate

stack (103; 203),
- an unloading device (107; 207) for the separation and
transportation of at least one substrate (102; 202),
wherein the unloading device (107; 207) comprises a
15 gripper (108; 208) with means by the aid of which the
substrate (102; 202) can be taken up and guided away
from the carrying device (104; 204),
- a flow device (117; 217) for fanning of at least a part
of the substrate stack (103; 203), and
20 - a pressing element (122; 222) that acts against the
fanned substrates (102; 202).

2. Apparatus according to claim 1, characterized in that the

pressing element (122; 222) comprises a plurality of

25 pressing pins (123; 233) that press against the surface of
the substrate to be separated (102; 202).

3. Apparatus according to claim 1 or 2, characterized in that
a position detection device (220) 1is provided for the
30 detection of the position and/or location of at least the

substrate to be separated (202).

4. Apparatus according to claim 1, characterized in that the
gripper (108; 208) is designed such that the removal of the
35 substrate to be separated (102; 202) takes place



fanned substrates (102; 202). 2. Apparatus according to claim]1,
characterized in that the pressing elenent (122; 222) conprises a plurality
of 25 pressing pins (123; 233) that press against the surface of the
substrate to be separated (102; 202)- ¥ -Apparatus according to claim1 or
2, characterized in that a position detection device (220) is provided for

the 30 detgetperiiuldie RAsi hikonl @Ak orag inRit Qfy abvelr@ashall heo Strstrate
to be separat edé§_202)._ 4, é)arat us according to claiml1, characterized in
that the gFegd lI(qCG)‘Bl;OTQOQf $5 &%) gned such that the renoval of the 35
substrate to be separated (102; 202) takes place 35 perpendicular or at

| i mat el i cal he . feed direction (105;,205). 5.
ncoor ol R (AP AT, CERAFAEOH IR Hh T Al 106 78 VOl kO3 OB p

pasal | el tordierSUr{dees phaaee 0fint PErasubst £at @hko she reeparAtat (d0%h£02) .
6. Apparatus according to claim1 or 4, characterized in that the gripper

(108; 208) %isoprif rgs,be hyergPaied chl2Li202)10 can be suctioned or

emtted. 7. Apparatus according to claiml or claim4, characterized in
that the grjpper (108; 208)., in a top view,_ is fornmed bar . shaped, [finger
Shaped € o AR 1% SAGRRAT 0TS Rapcd 28l et 15 SPPPAFCERdgas BP AGIH ot us
according tgnh&l glr%_erchar@@;ewomd hdks t BakntiRgs, CatHydugh deviied (4044 204)
has neans t hrough ich the substrates to be Separated (102; 202) can be

ofPent ed al ey boosectionednyt eemitiged Apparat us according to claim8,
characterized in that the tilt angle a is chosen in such a manner that the

angle betupen thgdeed.-8Lagsy o8 £19%h 203k 214:thaf, S dAf&erized in
that the gripper (108; 208), in a top view, 1s formed bar
shaped, finger shaped, o-shaped, u-shaped, v-shaped, or has

15 a flat shape.

8. Apparatus according to claim 1, characterized in that the
carrying device (104; 204) has means through which the

substrates to be separated (102; 202) can be oriented along

20 a tilt angle a.

9. Apparatus according to claim 8, characterized in that the

tilt angle a 1is chosen in such a manner that the angle
between the feed direction (105; 205) and that surface
25 normal of the substrate surface of the individual
substrates (102; 202) that points more in the feed
direction 1is positive, being equivalent with a backward

inclination of the substrates.

30 10. Apparatus according to claim 1, characterized in that the
carrying device (104; 204) 1is movable 1in at least one

direction.

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

35 carrying device (104; 204) and/or the substrate stack (103;



25 normal of the substrate surface of the individual substrates (102; 202)
that points nore in the feed direction is positive, being equivalent with a
backward inclination of the substrates. 30 10. Apparatus according to claim
1, characterized in that the carrying3device (104; 204) is novable in at

| east one direction. 11. Apparatus according to claim 10, characterized in

that the 3pozarriEngdeviiab1k04agd@hstandher bhessuRgt rat emshack (403, 36
203) is/are novabl e against the pressing elenent (122; 222). 12. Apparatus
accordi ng t92%) ai m 10, characterized in that the 5 carrying device (204)
and/ or the substrate stack (203) is/are novable against the position

det ecti e t 2 3. ar at_us ording to one of .th r.ecedi ng
cl ai ns,?ﬁllgkmcﬁ#%% %r%géar%ﬁngﬁgfg ictal “ur f?ﬁe’r %%%%?Icggglée rér?sgc(%faﬁ nehe

deyi ce (113cazdping hadevicarr@iged abayert hensubstbateatst agkadh03{2@03)
with the substrates to be separated (102; 202). 15 14. Apparatus accordi ng
to claim3,i¢fFactBpyzbci nagRapsthe thgosPOisdn iget e datGF it ceekemant
conprises a pgpsor (222) for checking of contact of a substrate (202). 15.
Apparatus according to claim?2, characterized in that the 20 pressing

el ement (122; 222) is arranged in such a manner that the gripper (108; 208)

can be pesiAponestbet weeBoklSngpPr @3S nhPi NSt (128e 22Pecekingtingindr the
fanni ng, separation and transportation of 25 disc shaped substrates using
adlappar at ushasa®lstahEedl Ly  tdorpr L§i dgnthe of ey hee as Senbf §NPoLpsng - a

carrying dedé&fbgfrﬁﬁﬁﬁd ﬁh%nlntﬁagluig g&%%ﬁg%%ﬁ)above the substrate
stack (103; 203) with the substrates to be separated (102;
202) .

15 14. Apparatus according to claim 3, characterized in that the
position detection device (220) comprises a sensor (222)

for checking of contact of a substrate (202).

15. Apparatus according to claim 2, characterized in that the
20 pressing element (122; 222) 1is arranged in such a manner
that the gripper (108; 208) can be positioned between its

pressing pins (123; 223).

16. Method for the fanning, separation and transportation of
25 disc shaped substrates using an apparatus, substantially

comprising the following assembly groups:

- a carrying device arranged within a fluid (104; 204),
in which the individual substrates (102; 202), in feed
30 direction (105; 205), are sequentially arranged
standing one after another in the form of a substrate
stack (103; 203),
- an unloading device (107; 207) for the separation and
transportation of at least one substrate (102; 202),
35 wherein the unloading device (107; 207) comprises a

gripper (108; 208) with means by the aid of which the



in which the individual substrates (102; 202) , in feed 30 direction (105;
205), are sequentially arranged standing one after another in the formof a
substrate stack (103; 203), - an unloading device (107; 207) for the
separation and transportation of at-|¥ast one substrate (102; 202), 35
wherein the unl oadi ng device (107; 207) conprises a gripper (108; 208) with
means by the aighiftmdtieh (tLbe;- BR) subst at et {12, up02indagubeedakempp and
gui ded away fromthe carrying device (104; 204 a flow device (117; 217)
for fanning of oM dh® @Iaring dtevire stbidr A®)st ack (103; 203), and 5 - a

pressi ng el ene ; th ac gajns fapn yhst 02;
202) wherein tﬁi %%%ﬁd%g%%%%rég%;'t%g7?o?Fngﬁéth8pgg %& ?bV|ﬁéq%$§%.%
carrying devi ceof{ i APt tagetdteaciv (X03;1R20He, subdtrate stack (103; 203),

f the substrate stack (103; 203), ively, in feed directi 105;
208) against &b BRESSIAG of GHEARE (19971529720 o ek ot Sn G BRGI e

position for thesbstdaietode separates) (102; 202), is b. fanning of at
| east a region of the substrate stack (103; 203) by a flow device (117;

217) in such a manner that interspaces (119; 219) develop; c. separating of

t he substr at evHerquositieomatthad ddmpgrdgeperhd 1081 X¥)g adtragsd: paral lel to
20 the planar design of the substrate (102; 202), - establishing of an

adhesi ve cont aglovheighvesn sHESta2reinglQRRvi2Q2) (Bodl; gpoppert dgkd8er208)sh and -
removi ng of the substrate (102; 202) within the fluid perpendicular to the
fééd directiontheossubgtyatgr stack (103; 203), or of the substrate
stack (103; 203), respectively, in feed direction (105;
205) against the pressing element (123; 223) to achieve
an unloading position for the substrate to be separated
(102; 202),

15 b. fanning of at least a region of the substrate stack
(103; 203) by a flow device (117; 217) in such a manner
that interspaces (119; 219) develop:

c. separating of the substrate by
- positioning of the gripper (108; 208) almost parallel to

20 the planar design of the substrate (102; 202),

- establishing of an adhesive contact between substrate
(102; 202) and gripper (108; 208), and

- removing of the substrate (102; 202) within the fluid
perpendicular to the feed direction (105, 205), or

25 parallel to the planar design of the substrates (102;
202), respectively.

17. Method according to claim 16, characterized in that
interspaces (119; 219) are developed within the substrate

30 stack (103; 203) due to the fanning by the flow device
(117; 217), and that fluid cushions develop in the
interspaces (119; 219) due to the fluid stream of the flow

device (117; 217), exerting a damping effect on the



25 parallel to the planar design of the substrates (102; 202),
respectively. 17. Method according to claim 16, characterized in that

i nterspaces (119; 219) are devel oped within the substrate 30 stack (103;
203) due to the fanning by the flow de¥d ce (117; 217), and that fluid
cushions develop in the interspaces (119; 219) due to the fluid stream of
the fl'ow dewbserddd7to28&) sepsetticag (aodanpiong effectcatddeing 38 the
substrate to be separated 6102; 202) upon contacting of the gripper (108;
208) . gripper (108; 208).



