Method for singulating stacked, plate-like elenents, and singulating device
pl ate-1i ke
el enents, and to a singulating device. In many production processes it is
necdessary to separate from one another identical elenents present in
stacked form 10 and to feed themsingly for further processing. In this
case each uppernost elenent is generally renoved fromthe stack. In many
production processes] fior paintdguwcldaimdg osecked, wiisote tlhiskes tedicdeechtd at e- | 1 ke
el enents are fragile, a person ¥Q$,re ves each first elenment froma stack
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c: case each uppermost element 1is generally removed from the

stack. In many preoduction processes, 1in particular those in

which the stacked plate-like elements are fragile, a

person

who removes each first element from a stack manually is

15 used. "Plate-like" 1is understood to mean elements the

thickness of which is significantly lessg than their

dimensions in length and width. The plate-like elements are

not necessarily round but may have any peripheral contour.

20 It is further known to effect the removal of each first

element by means of a vacuum arrangement. In this case a

C; suction device is placed on the surface of the first

element, the intervening space is evacuated and the

respective first element of the stack is thus lifted away.

25

Both procedures have considerable disadvantages. For

example, in the case of manual singulation of the elements

from a stack it is disadvantagecus that the performance of

an operative declines in the course of a working day. This

30 can cause the number of singulated elements to fall in the

course of a working day, or the rejection rate to increase.

In addition, high fixed personnel costs arise.
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suction device it is disadvantageous that considerable conplexity or

consi derabl e suction power is required for relatively |arge or not
conpletely flat elenents, in order 5 to seal the suction bell with respect
to the elenent and to ensure secure handling of the elenent. In the event
that such an apparatus is to be used for light elenents having high
surf&ce quality, it is disadvantageous that the performance of such a
machi ne far exceeds the requirenents 10 and that the correspondi ngly high
costs cannot therefore be justified. In the case of brittle materials there
is additionally a considerable risk that elenents fracture while adhesion
15 forces are overcone. The renoval of the fragnents and cl eaning of the
appar at us t héhidaude preoguctl af dowh tiimst dltementt hgr efecares tdfe aobj ect  of

the invention to provjde a singulating device and a nethod for _singulating
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performance of such a machine far exceeds the requirements

C; 10 and that the correspondingly high costs cannot therefore be

justified.

In the case of brittle materials there is additionally a
considerable risk that elements fracture while adhesion
15 forces are overcome. The removal of the fragments and

cleaning of the apparatus then cause production down-time.

It is therefore the object of the invention to provide a

singulating device and a method for singulating plate-like
20 elements from a stack which make possible automated

singulation in a simple manner and with high reliability

and high constancy.

This object is achieved by the method according to claim 1

25 and by the singulating device according to claim 11.

In the method according to the invention a stack of plate-
like elements is first supplied to an acceleration device.
The stack consists of stacked, plate-like elements. Each

30 first element of the stack is lifted away from the stack by
increasing its transport velocity. In order to increase the

transport velocity, the element is accelerated away from



the-stack is deposited on a transport device and then conveyed away by the
transport device. Through the 5 acceleration of the elenent at a part of its
peri pheral edge, conplicated vacuum technol ogy can be di spensed with. For
this purpose the singulating device conprises, in addition to a feed device
for feeding the stack, an C 10 accel eration device wth which each first

el ement of the stack is subjected to an3acceleration force on a part of

its peripheral edge. The accelerated el enent is conveyed away by a
transport device and is thus noved increasingly away fromthe rest of the

stack. The ageekenaki 9 &het Rereddibar brotnthexpar behehal sedgg of khe first
elenent is effected, for each el enent of the stack, with a constant force,

resul ting |na@bn9ﬁamt839ﬁgmpher@h *idgh . r@@ardlbmeht tbushéi@uaﬂiﬁyoand to
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h d
relate to a Sn?gagouéSggééggbhgﬁfgno? tRESPRY n9FVéc§|ﬁB§p§BFHg devi ce and

of the inveabhveyeAebhag¢. b#Sthe tsandyartagetse.i thpatughcehar, to effect
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the acceleration device, this part of the peripheral edge is 4 entrained

by the conveying_ el enent and accelerated away fromthe stack in the
di rection oforh&hagi BUEPOFRethEagkngulating device comprises, in

addition to a feed device for feeding the stack, an
(: 10 acceleration device with which each first element of the
stack is subjected to an acceleration force on a part of
its peripheral edge. The accelerated element is conveyed
away by a transport device and is thus moved increasingly
away from the rest of the stack. The acceleration at the
15 part of the peripheral edge of the first element is
effected, for each element of the stack, with a constant
force, resulting in constant singulation with regard both
to the quality and to the time interval of the singulated
elements.
20
C: The dependent claims relate to advantageous developments of
the inventive singulating device and of the inventive

method.

25 It is advantageous, in particular, to effect the
acceleration by means of a conveying element. In this case,
a conveying element moves at an increased velocity with
respect to the axial velocity of the peripheral edge of the
first element of the stack. When the peripheral edge of the
30 first element impinges on the conveying element of the

acceleration device, this part of the peripheral edge is



Accerding to a further preferred enbodi nent of the nethod 5 and of the

i nventive singulating device, the acceleration of the part of the

peri pheral edge of the first element is effected in at |east two

accel eration stages. This has the advantage that the acceleration forces
and the bending nonments which act on the el enent through the inpingenent of
C 10 the acceleration force on one side axe low. The elenent to be
singulated is first noved a short distance away on one side before a
further acceleration is effected on the sane peripheral side in the second

step. Howev‘érmtﬂah@lefduqayﬂ%e LRIy QleArhe and Becthkeadrgdataghed
el enent, so that 15 effects, such as adhesi on, between the individual

el ements offrome tdeaskagk llongde gliapcsiprnpatt the ekiis pdi the sEackher nore,
the acceleration of the element by a part of its peripheral edge has the
advant age that, through the 20 accel eration on one side, a rotational

novenent of aldh@rdengl ecert fiethersipheflated enbodieateds kthet RRtdaCk is
being fed, for exanple, with its axis _in a horizontal direction, because of
t he rotath oRald @dvEmentinvigatdvensinguletiadsideydicat edhies acgied egaionn t he
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edge of theeffifest-ed ampnt leeatedwoppesiclerbhiéonactekbersat athilsonar peki pher al
edge trails behind through inertia, and the singulated elenent is laid
down, for 3G9RANEOE tHATa tEGNREFEL eFaltd ors fopegenaidg toe bsedintckness of

the plate-| %&e%'t%mmh{(%cfeeo SipRQulatad, tthg%u@m%a% li?tgfegne(ﬁ%r LY out
the_feeding o the stack to the acceleration device in a pul sed nanner.
10 the acceleration force on one side are low. The element to
be singulated is first moved a short distance away on one
side before a further acceleration is effected on the same
peripheral side in the second step. However, the further
acceleration acts on the already detached element, so that

15 effects, such as adhesion, between the individual elements

of the stack no longer play any part at this point.

Furthermore, the acceleration of the element by a part of
its peripheral edge has the advantage that, through the

20 acceleration on one side, a rotational movement of the

C; element to be singulated is initiated. If the stack is

being fed, for example, with its axis in a horizontal
direction, because of the rotatioconal movement the element
to be gingulated is laid down in the horizontal plane. The

25 rotational movement is induced solely because of the one-
sided acceleration of the element, so that the upper
peripheral edge of the first element located opposite the
accelerated lower peripheral edge trails behind through
inertia, and the singulated element is laid down, for

30 example, on a conveyor belt.



Such pul sed feeding ensures that the elenent first detached 5 fromthe stagk .
is already far enough away fromthe stack not to collide with the next

el enent upon singulation of the latter. In order to prevent the follow ng
el ement of the stack from C 10 being inadvertently lifted fromthe stack
together with the elenent accelerated by its peripheral edge, as a result
of adhesion, it is advantageous to provide a braking device wth which at
| east the el enent adjacent to the first elenent to be lifted is subjected
to a restraining force 15 directed opposiFer to the acceleration force.
Consi der abl e adhesi on forces can arise between the individual elenments of
the stack. These forces may have the result that the force exerted on the
peri pheral eBgeenflin@ecnothershickeaentofsthetptatertikatelioments boahet he

1 urd bogi neoPaoRESBhGun er 2o By BACRAF TR, BOTbR OBF  BEoRPRRPAgE

between the thesttetknmestthe heckléiedioavayvand iheaepeDBal Aghasent
t her et o, shortlg before the 25 start of the acceleration. For this purpose
z

one or nore SuehzPessedr hagdindr enfdurefet Bahckhar elprent dbérshhderached
direct at:le ope . fLuLg ] he_ st i h uj ] I gpLpgi ng on
t he stacksat e g@%tgg%g¥a§% %2?%%%% ?%% gﬁ??g% %V%%E%?O%ngﬁ?hgpéggnent
adj acent thenetotatcbibstle3nithreké| yepti elehont hepancel rgal aoionfofhe
peri pher al edge of the first elenment. Such a fluid jet may al so be directed
at the stack™Rfoh?bFfFerent directions by one or more 6 nozzles, and the
jets may be di sposed at an angle deviating from90 fromthe axis of the
st ack.

In order to prevent the following element of the stack from

cv 10 being inadvertently lifted from the stack together with the
element accelerated by its peripheral edge, as a result of
adhesion, it is advantageous to provide a braking device
with which at least the element adjacent to the first
element to be lifted is subjected to a restraining force

15 directed oppositely to the acceleration force.

Considerable adhesion forces can arise between the
individual elements of the stack. These forces may have the
result that the force exerted on the peripheral edge of the

20 first element is not sufficient to lift away the first
element. According to a preferred embodiment, therefore, a
jet of fluid begins to be blown or sprayed into the region
of a contact face between the first element to be lifted
away and the element adjacent thereto, shortly before the

25 start of the acceleration. For this purpose one or more
nozzles arranged around the stack are provided, which each
direct at least one fluid jet on to the stack, the fluid
jet impinging on the stack at the contact face between the
first element and the element adjacent thereto at least

30 directly prior to the acceleration of the peripheral edge
of the first element. Such a fluid jet may also be directed

at the stack from different directions by one or more



To-prevent surface danmage to the adjacent elenment occurring 5 through the

sliding thereon of the edge of the first

peri pher al

t he stack,

opposite t

el ement opposite the accel erated

edge, a fluid cushion is generated between the slightly lifted
first elenent and the stack by, again, at least one fluid jet, by which
the fluid cushion is produced in the gap between the C 10 first el enent and
on which fluid cushion the férst elenent slides down. In this
way, contact between the peripheral edge of the first elenent |ocated

he accel erated peripheral edge, and the adjacent el enent of

t he
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20 Fig. 1 is a perspective representation of a singulating device

to the invention at a first time point; 25 Fig. 2 is a
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cushion is generated between the slightly lifted first
element and the stack by, again, at least one fluid jet, by
which the fluid cushion is produced in the gap between the
first element and the stack, on which fluid cushion the
first element slides down. In this way, contact between the
peripheral edge of the first element located opposite the
accelerated peripheral edge, and the adjacent element of

the stack, is prevented or minimised.

A preferred embodiment of the inventive singulating device
and of the inventive method is represented in the drawings
and is explained in detail in the following description. In

the drawings:

Fig. 1 is a perspective representation of a singulating
device according to the invention at a first time
point;

Fig. 2 is a perspective representation of the
singulating device according to the invention at
a second time point;

Fig. 3 is a perspective representation of the
singulating device according to the invention at

a third time point;



5 Fig. 5 shows a detail of the singulating device according to the _
invention; Fig. 6 shows a detail of an exenplary enbodinent with a braking
device; Cl0 Fig. 7 is an enlarged representation of the transfer zone
according to a second exenplary enbodinent; Fig. 8 shows further exenplary
enbodi ments for 15 configuring the transfer zone, and Fig. 9 is a
representation of an alternative feed device. 20 Fig. 1 shows a singul ating
device 1 according to the invention in a_ferspective view. The
representation in Fig. 1 shows the inventive singulating device 1 at a
first tinme point, at which a first elenent 3 has been slightly lifted from
a stack 2. The stack 2 consists of a multiplicity of 25 elenents 3, 3 ,...,
whi ch each h3ig.t He sanes di neerssmaTst 1 veSt markse somEt stmgp el enent s of
different sizes may al so, be sed, in which case the singulation may be
conbined with a sorti r%”b?‘b]cale{-sjsng Scif’c‘ﬁlcé?eaffé‘fﬁ g o tg%i,l.r?‘fe;‘n?ﬂé?yb%? f or
exanpl e, silicon wafers; fRiuttie tmmif@eiar e of photovol taic 30
installations. Silicon wafers typically have a thickness of approximtely
50 }.mto 300 m However, the inventive singulating device 1, and the

correspon%in .singulatign 8 nethod,. ar ot restricted to such thin
el enents 3, %lg v .s.%gwﬁioar c%}:a%]l eo,éat S SHEHATY cfg%‘flccée may al so be
used for singulating staskeedond cb tthwaidseii@ther elenents to be
singul ated. 5
Fig. 6 shows a detail of an exemplary embodiment with a
braking device;
C 1o
Fig. 7 is an enlarged representation of the transfer

zone according to a second exemplary embodiment;

Fig. 8 shows further exemplary embodiments for
15 configuring the transfer zone, and
Fig. 9 is a representation of an alternative feed
device.

20 Fig. 1 shows a singulating device 1 according to the
invention in a perspective view. The representation in Fig.
1 shows the inventive singulating device 1 at a first time
peint, at which a first element 3 has been slightly lifted
from a stack 2. The stack 2 consists of a multiplicity of

25 elements 3, 3',..., which each have the same dimensions.
Stacks comprising elements of different sizes may also be
used, in which case the singulation may be combined with a
sorting process. Such elements 3, 3', 3'’,..., may be, for
example, silicon wafers for the manufacture of photovoltaic

30 installations. Silicon wafers typically have a thickness of

approximately 50 um to 300 pm. However, the inventive

singulating device 1, and the corresponding singulation



In order to lift each first element 3 away fromthe stack 2, the stack 2 is
first transported in the direction of an acceleration device 5 by a feed
device 4. For this purpose the feed device 4 has, in the exenplary

enbodi ment 10 illustrated, a first pair of transport belts consisting of a
first transport belt 6a and a second transport belt 6b. The first and
second transport belts 6a and 6b together 8 forma conveying el enent of the
feed device 4. The first transport belt 6a and the second transport belt 6b
are 15 guided via a first pair of rollers 7a, 7b and a second pair of
rollers 8a, @bthealyatlensel lestBbc0batbs sgernenpai £18hent8l bers 8a, 8b
being seen in Fig. 1. The drive of the transport belts 6a and 6b I's
effected, foB’ éxanpl e, eraeaamnleVetbﬁlélngglatyngo@ﬁ@c@edm@m aheorbel ers
7a, 7b and 20_s he ro s 7a, 71h.. The Iate |I§§ el ements 3

(ormi ng the Sradkrorravisle e Strekeacgireton eretat fE hErpl ary

enbodi nent  &hémshtated bs bdegulseédfor all the elenents 3, 3',... of 25
the stack 2 and which delimts said elenents 3, 3',... in a right-angled
manner in>the exenplary enbodi nent il lustrated. Singulation of the elenents

can a1 50 be 1aprhed outy L. (hecrase ol el eEnt oo W) Brendehinbisth by

peri pher al ges devi at & geonet Frca rom one

peri pheral edgesh®' sﬁécEazhleffihet ek&ﬂgpbstéd 3h, tBe' dotetbeontatkar rest
on the transport belts 6a, 6b of the feed device 4 and are therefore 9
conveyed t hr 8G§RIERRTHBRAEEYFEe® 4PY n3 t heSdi FeEtFen® - i haF cabe® BYTBASErr ow

in Fig. 1. Ashe peedl heplcthhsnhiged; HOVROROke kP ly ! ShnEhERERE 3 Of

Cw 10 illustrated, a first pair of transport belts consisting of
a first transport belt 6a and a second transport belt 6b.
The first and second transport belts 6a and 6b together
form a conveying element of the feed device 4. The first
transport belt 6a and the second transport belt 6b are

15 guided via a first pair of rollers 7a, 7b and a second pair

of rollers 8a, 8b, only the roller 8b of the second pair of
rollers 8a, 8b being seen in Fig. 1. The drive of the
transport belts 6a and éb is effected, for example, via a
drive axle rigidly connected to the rollers 7a, 7b and

20 shown between the rollers 7a, 7b.

The plate-like elements 3 forming the stack 2 have a
peripheral edge 9 which in the exemplary embodiment
illustrated is identical for all the elements 3, 3',... of

25 the stack 2 and which delimits said elements 3, 3',... in a
right-angled manner in the exemplary embodiment
illustrated. Singulation of the elements can also be
carried out in the case of elements which are delimited by
peripheral edges which deviate geometrically from one

30 another. The lower peripheral edges 9' of each of the
elements 3, 3', 3’ of the stack 2 rest on the transport

belts 6a, 6b of the feed device 4 and are therefore



5 the stack 2 in Fig. 1 is conveyed so far to the right at a given tine
point that its | ower peripheral edge 9' |oses contact with the conveyor
belts 6a, 6b. For this purpose, as will be explained in detail with
reference to Fig. 5, in the exenplary enbodinent illustrated the transport
belts 10 6a, 6b of the feed device 4, and the further transport belts, are
di sposed at different levels. In a sinplerd enbodinent the |evels may be
identical. The acceleration of the first element 3 is effected by a further
conveying element. The further conveying el enent consists of a third 15

transport beldorveyednd e tthe rrRRSPey ikl &4 lilb oM ¢l rLQQRRy ate as a
third pair of transport belts. The third and fourth transport belts Ila,

|1 b nove, on ifKEcst@sl by agomraew Wint ffithe U.ower peripheral edge 9' of the
first elenent 3, at a velocity in the direction of the arrow 20 which is
greater than the feed velocity of the stack 2 and C which is therefore

greater thanpashe adsalltvelfocHiy Feddheaoveh@mnttsed fi¥st Flement Gf dfhe stack
2 in the direction of the axis 10 of the stack 2. The |ower peripheral edge
9' of thé fithst sttt 1B Fd%-her dify carvalyedarsed faxr ttee tdier &d@hén a5 2of t he

arrow by the seeond ;pal 1 Qf, t 13NEPqLly li%'defr %),le%iglfhlel}ala%%gi:ei groved.e

i ncreasi ngly "away from the adjacent el enen the st 2. Ththis case
t he second paicnteictt mandpaite doehteydr delltlsb sfagr M .a Foor sthicomuayicag el ement
of the acceleratiqn deviCﬁ 5. 30 .The sqund_p ir of transport belts Ila,

lib is |ocat&F “ufsPEn PRI IET 0 Sethiol Srght 6 SHTS dSpdd@ 1t A 10
first pair ofiHd aneRAIERLlDLRAMBR: A3 AcheWd ¥e 8nsport belts

(; 10 6a, 6b of the feed device 4, and the further transport
belts, are disposed at different levels. In a simpler
embodiment the levels may be identical. The acceleration of
the first element 3 is effected by a further conveying
element. The further conveying element consists of a third

15 transport belt 1la and a fourth transport belt 11b which
cooperate as a third pair of transport belts. The third and
fourth transport belts 1la, 1lb move, on the side in
contact with the lower peripheral edge 9' of the first
element 3, at a velocity in the direction of the arrow

20 which is greater than the feed velocity of the stack 2 and

C: which is therefore greater than the axial velocity of the
elements 3, 3', 3'7,... of the stack 2 in the direction of
the axis 10 of the stack 2. The lower peripheral edge 9' of
the first element 3 igs thereby accelerated in the direction

25 of the arrow by the second pair of transport belts 1lla, 11b
and is moved increasingly away from the adjacent element 3'
of the stack 2. In this case the second pair of transport
belts 1la, 11b forms a first conveying element of the
acceleration device 5.

30
The second pair of transport belts 1la, 1llb is located

substantially in axial prolongation with respect to the



hi gher conveying velocity, the | ower peripheral edge 9° of the first
element 3 is accelerated with respect to the |ower peripheral edges of the
remai ning elenents of the 5 stack 2 in a first acceleration stage. In the

preferred exenplary enbodinent illustrated in Fig. 1, a third pair of
transport belts 12a, 12b follows on fromthe second pair of transport belts
Ila, Ilb as a further conveying el enent, 1wmhich again has an increased
conveying velocity as conpared C 10 to the second pair of transport belts
I[la, Ilb. As a result of this second acceleration stage, the |ower
peripheral egdger Gpadf dhectihshort pBMs3chS EWItASr, apcgh ef at£d.pndhe
second pair of transport belts Ila, lib and the third 15 pair of transport

belts 12a, 12bohem, conkeyime Yeistipni rthoflevensperiphetat €dge6d' of
correspondin airs of -rollers 14 to 17. corresponding letters a, b
appended to g?%ek%ﬁ?%r%% TERUner i 27 R |%5?%?éHﬁfg?dﬁig%%%ﬁp?%dt%§ t he
respective robker SpésDiRe£dl \Aétﬂﬁ%r@f | e Béria TONES a Psméiit 200 £ hen&i gures) .

The first pair of rollers 14a, of the C second pair of transport belts
Ila, |1b,5andtd®e Jetoml st BFCePTREEOBSLBYR of 1% Hehq i pEeLgared of

transport beé%gmpfgr 6ghb@5€h?5£???€§5%faﬁﬁgr ??@%3‘CPanPE€§£§; Ip.ofder to

enabl e different coﬁ%eylng el oc part o nspor

belts 6a, 6btamtspdet sleebine pad; Dibtfehbpestonbetds the, séddndtpeirobfers
are nounted rotatably with respect to one_another. In a corresponding
manner the SERBARCHEIPEHFSrblRersiisds AshipineheC LRSI PP +EBEE t r ansport

bel ts 113, 14 a8kl fien thistaRalficPlakoh | 5dvd g 30 400: O Abccdibdfe@al r
of tpransport belts 12a, 12b, are each arranged Ih pairs oh a co n axl e.
11 10 to the second pair of transport belts 1la, 11b. As a result

of this second acceleration stage, the lower peripheral

edge 9' of the first element 3 is further accelerated.

The second pair of transport belts 1la, 11b and the third
15 pair of transport belts 12a, 12b run, like the first pair
of transport belts 6a, 6b, on corresponding pairs of
rollers 14 to 17; corresponding letters a, b appended to
the reference numerals indicate the sides occupied by the
respective rollers (some of which rollers are concealed in
20 the Figures). The first pair of rollers 14a, 14b of the
C; second pailr of transport belts 1la, 11b, and the second
pair of rollers 8a, 8b of the first pair of transport belts
6a, 6b, are arranged in pairs on a common axle. In order to
enable different conveying velocities of the first pair of
25 transport belts 6a, 6b and the second pair of transport
belts 1la, 11b, the rollers are mounted rotatably with
respect to one another. In a corresponding manner the
second pair of rollers 15a, 15b of the second pair of
transport belts lla, 11b and the first pair of rollers 1l6a,
30 16b of the third pair of transport belts 12a, 12b, are each

arranged in pairs on a common axle.



Through the accel eration of the | ower peripheral edge 9° of the first

el emrent 3 a rotational novenent about the part of the peripheral edge 9 of
the first element 3 is initiated. |In conparison to the accel erated | ower
peri pheral edge 9', 5 an opposite peripheral edge 9'' is |left behind and
slides through gravity down the surface of the element 3' adjacent to the
first elenment 3. Once the | ower peripheralilzedge 9' of the first elenent 3

L. 10 has been noved far enough away fromthe rest of the stack 2 by the
second pair of transport belts 1la, 11b and the third pair of transport

belts 12a, 12hrdiih SHS 2@ feddt orf IdSte ! amkRlr $ethigehad éeigjegimald%

faced towards the " stack 2, the first elenent 3 being nowrotated to a
hori zont al pddia ifoir,st iedenfdrdgt om tded atriamsgomtoveaiens. dboutaddie ipart tdfe

al ready singulated elenent, 3 js fed he _.third.pair of transport belts
12a, 12b to ;{:}{er RSt 2y re%e@entcg)fﬁlwlfﬁtcf&ﬁ"ﬂ of 1 f %_tlﬁ" T of
transport belts chaparidton e tHaRRAleReldS 1132 rapdrlighedd 1alRigen durn
gui ded by two pairs of rollers 18a, 18b and 19a, 19b. At the end of the

fourth paid &M rEsHGe Asglipherpda edmh X'He 18 drafitt himgs agichgllistesd may -

in the case qf éL' fer f Qn eﬁgﬁgge - either he placed sinaly . in a
cassette or %rhfr?g Hr%%cril’“ﬁ%rygc f%glea Urther O?r otéleesselqr?g ?peraaji%ocyﬁa.nt
Unli ke the case the tfhesnhddingent 3.0/l ustrated, the second accel eration

stage may be configured at the same tinme as a transport device. Wile the
stack 2 is being fed through the feed device 4, 30 the stack 2 is retained

?Reagx: :?Stl th’fﬁéit%ees 1Yued e drigthe 38V Iyt PV SUIGR ¢I6MRNLS SdNdi Ng 10
C;, 10 has been moved far enough away from the rest of the stack 2
by the second pair of transport belts 1la, 11b and the
third pair of transport belts 12a, 12b, the surface of the
first element 3 which had originally faced towards the
stack 2, the first element 3 being now rotated to a
15 horizontal position, lies flat on the transport belts. In
addition, the already singulated element 3 is fed by the
third pair of transport belts 12a, 12b to a transport
arrangement 32, which consists of a fourth pair of
transport belts 13a, 13b. The transport belts 13a and 13b
20 are in turn guided by two pairs cf rollers 18a, 18b and
"""" 1%a, 19b. At the end of the fourth pair of transport belts
13a, 13b the element 3 thus singulated may - in the case of
silicon wafers, for example - either be placed singly in a
cassette or transferred directly to a further processing
25 operation. Unlike the case in the embodiment illustrated,

the second acceleration stage may be configured at the same

time as a transport device.

While the stack 2 is being fed through the feed device 4,
30 the stack 2 is retained on at least two sides of the feed

device 4 by guide elements extending in the axial



direction. For clarity, the guide elenents are not shown in the Figures. As
was explained in the introduction, the singulating 5 device 1 illustrated is
especially suitable for singulating silicon wafers. Such silicon wafers
exist in various versions. Wth regard to singulation, a main distinction
must be nmade here between two types of wafer. On the one hand, there are
so-called drawn wafers, the surfaces of 102whi ch have slight undul ati ons.
These drawn wafers nust be distinguished from nonocrystalline or
multicrystalline wafers, between which, in stacked formation, considerable

adhesi on forggseatisg. OFO@C@QHBEth thé|§u§690émeﬁéﬁtécg§e n59rshbw5 Lgason,
further neasures are required or possible 15 in order to enabl e detachnent

of the respethevEifHESE. elenent 3 fromthe stack 2, in addition to the
acceleration of the |ower peripheral edge 9' of the first elenment 3.
According to the invention, detachnent of the first elenent 20 3 fromthe
stack 2 is ehkeathedekplhhaedaipl uhal ihyrofiuttiubd, ohezkeagdlarizgb, 27c are
arranged Iaterally in a transfer _zone fromthe feed device 4 to the
accel er at Pondge¥reelsillygtaahRe 6Ff REPERLpLLYJISHAERPES $9g, sprgulabing

plurality OElﬁEEbH hﬁ%%r%?aSugﬂbFQTﬁcgﬁ watErdl LES E@dﬁﬁtvéggoﬁéaCk 2. 25

Shortly before the acceleration o ower perlp era ges begi ns,

t he peri pher akredgeas9 Wﬁthheeghrdttelemaghlaﬁibas pasaed thetfhatdohets 21a,
21b and 21c. The E|UId i S Io%n i njected through %he fluid nozzles 27a,

27b, 27c¢ i nfYSEneer B3AGnhEFea EBHFSBt WacEYBQFmﬁgnWF 87f | PBt CBFefBRt 30 3

and the adjaggpis eLggeat a3 38dchbysacavanh whiabt, senersiencel bke wafers
"sti le ng to one anot her.

(. 10 which have sllght undulations. These drawn wafers must be
distinguished from monocrystalline or multicrystalline
wafers, between which, in stacked formation, considerable
adhesion forces arise on account of their smooth surfaces.
For this reason, further measures are required or possible

15 in order to enable detachment of the respective first
element 3 from the stack 2, in addition to the acceleration

of the lower peripheral edge 9' of the first element 3.

According to the invention, detachment of the first element
20 3 from the stack 2 is effected in that a plurality of fluid
nozzles 27a, 27b, 27c are arranged laterally in a transfer
zone from the feed device 4 to the acceleration device 5,
by means of which fluid nozzles 27a, 27b, 27¢ a plurality
of fluid jets 21a, 21b and 21c are directed at the stack 2.
25 Shortly before the acceleration of the lower peripheral
edges 9' begins, the peripheral edge 9 of the first element
3 has passed the fluid jets 2la, 21b and 21lc. The fluid is
blown or injected through the fluid nozzles 27a, 27b, 27c
into the region of a contact face between the first element
30 3 and the adjacent element 3' and thus causes slight

separation of the wafers "“sticking" to one another.



The fluid nozzles 27a, 27b and 27c are preferably arranged novably. The
novabl e arrangenent nmakes possible either a |inear novenent in and opposite
to the transport direction of the stack 2, or a rotation of the fluid
nozzles 27a, 5 27b, 27c. Wth a rotatable arrangenent, the angle at which
the fluid inpinges on the elenent 3 to be singulated from the stack 2
changes. To inprove singulation, the fluWi3d nozzles 27a, 27b, 27c are

subj ected to a comon oscillating novenent, so that fanning out of the

el ements of the stack 10 2 takes place in stages. In this case the fluid may

ei ther be Bwppfied csdzTwOUsty, tiTwughd the: fdtd hreret 851 2 @crarkddd 27c,
or in a pulsed manner, the fluid stream preferably being interrupted, in
the case ofMaaRdBedthaupVabls FTAREENt JaliRe RIS Hrle RIFhel i nozzl es

278, 15 27Dy s ol GRRASAEAEL Vid Caddidad: dll st @ar;é]gg%l:ér Whedoridd the

sinplest case, air 1s used as t wever, a egration into
a manuf act ust ncherocess 2 s omde rgpossidd eobytiusi figaiad friakzdl adapted to a
processi ng 20 operation. In particular, it i ossihle to use a cl eaning

|
liquid a3 thePfla{G WHN B FRhiREd E‘oralfl?ﬁf&fﬁsf? of SR AP %I HEl Fregi n
before the stack 2 &R sddle df AR &1edate 3 1) (U Sa]ii"i‘l?%létﬂed he digleal

case, the stack 2 1s already | oosened conti nuously e being fed. 25 In
t he Fi gur estlan sspdcialdhanpyes erfedirgbod nemgulat rapr édentieldiid whi ch

there is provided aon either sjide of the stack 2 and on the underside of the
Stack 2 a” RABEA D1 11 el T AEDIRFES A0 i S Gh e S Lt 5
lifting awayowdmdrite, fdd Sihal emmiiindy R S SRectd Manshas bt | ile Zhci2lb,

21¢. The geonetry of each of the jets 21a,
é; 10 2 takes place in stages. In this case the fluid may either

be supplied continuously through the fluid nozzles 27a,
27b, 27¢, or in a pulsed manner, the fluid stream
preferably being interrupted, in the case of a pulsed
supply of fluid, for a movement of the fluid nozzles 27a,

15 27b, 27c oppositely to the feed direction of the stack 2.

In the simplest case, air is used as the fluid. However, a
higher integration into a manufacturing process is made
possible by using a fluid adapted to a processing

20 operation. In particular, it is possible to use a cleaning
liquid as the fluid. The blowing-in or injection of the
fluid may begin before the stack 2 enters the transfer
zone. In this way, in the ideal case, the stack 2 is
already loosened continuously while being fed.

25
In the Figures an especially preferred embodiment is
represented in which there is provided on either side of
the stack 2 and on the underside of the stack 2 a
respective fluid nozzle 27a, 27b, 27c, which each effect

30 lifting away of the first element 3 by a respective sharp
jet 2la, 21b, 21c. The geometry of each of the jets 21a,

21b, 21c corresponds substantially to a segment of a



21b, 21c corresponds substantially to a segnent of a 14 <circle, the
extensi on being sharply delimted in the direction of the axis 10 of the
stack 2. Good results can also be achieved with a cylindrical jet, which is
preferably sharply delimted. In the Figures it is shown 5 that the
direction of the jet is disposed approximately vertically on the axis 10 of
the stack 2. However, it may also be ad%antageous to guide the fluid jets
2la, b, ¢ slightly in the direction of the conveying direction, in order
to favour the lifting away of the first elenent 3 by C 10 the fluid jets
2la to 2lccikige,2tbBBowxttheibnvesthyeshanrgllatiengmdeidcenltak a later tine
point. Wile the first element 3 has already been | aid_ down_al nost

conpl et el y9dnechéornPidthgi pX6f LPaRrépbhe BEREY 215GPod resylteneandj acent

el ement 3' .Ras aLrgadybegn.aceekeratedaby LgsLowe i pheral edge and its
rotationala novenent Ss gegn ﬁn%tigtegg ¥ﬁé&fa%?he&hgﬁéng%t 311, by
contrast, pseferbbliynstampagt deltimithd.f InsthpaFigotest iansposhokal ts 6a,

6b, so that its |ower peripheral edge 20 has not yet been subjected to any
accelerétiﬁBaFoFEEW%?GFCtQPBaP%rtg?aﬂ??y}staéSPG??ﬁePPBFeﬁéWP%egV the stack

2 are “0tv§QQWEah@FFBQ-t%e Asial ngady exml akged -anyggpeekal by ggptle
met hod of 25 singufation is provided, in which, 1n particular, th surface
of the respéebi be adjivacengeelhientnt guide the élanpl g¢etkl it abede t he

rfaces of _th dj acent el.enen 3, .31 - not damaged . by the er
ol orer ar sbagBedY: 08¢ PheraSTREE SoR netis, rNe Shot AATErE el dhent s i s
ef fect ed Wokhe20tbheasupROEheOh i@thhyi BwaYSBiEORhaFER rEhi 81RMERESE Hyrt her

{_ 10 the fluid jets 2la to 2lc.

Fig. 2 shows the inventive singulating device 1 at a later
time point. While the first element 3 has already been laid
down almost completely on the third pair of transport belts
15 12a, 12b, the adjacent element 3' has already been
accelerated by its lower peripheral edge and its rotational
movement has been initiated. The further element 3'', by
contrast, is still in contact with the first pair of
transport belts 6a, 6b, so that its lower peripheral edge
20 has not yet been subjected to any accelerating force. For
greater clarity, the further elements of the stack 2 are

not shown in Fig. 2.

As already explained, an especially gentle method of

25 singulation is provided, in which, in particular, the
surface of the respective adjacent element - in the example
illustrated, the surfaces of the adjacent elements 3', 3'!'
- is not damaged by the upper peripheral edge 9'', if the
rotational movement of the first element 3 is effected with

30 the support of a fluid cushion. For this purpose further
fluid nozzles 23 to 26 are provided, with which a fluid

cushion is created on the sides of the rotating elements 3,



fluid nozzles 23 to 26 are provided, wth which a fluid cushion is created
on the sides of the rotating elenents 3, 15 3' oriented towards the stack
2. Said fluid cushion supports the rotating elenments 3, 3', so that the
respective upper peripheral edges of the rotating elements 3, 3" do not
come into contact with the surface of the 5 respective follow ng el enents
3", 311 of the stack 2. The individual flui&d nozzles 23 to 27 may al so be
operated with different fluid media. In particular, a mxture of different
fluid nedia may be used in sone or all of the C 10 fluid nozzles 23 to 27.

For exanpl e, 3 chepsmidd | dswdeismmyhe hecddiown, tooed heru v téuaghiods a spray
through the fluid nozzles 23 to 27. The first fluid nozzle 23 of the fluid

cushion is arfurRpets shmtating terenglitsh Ihed tr Sxfdratzonee from the feed
device 4 to rat | j i hon of, the fir air of
transport bel{g%%%ﬁb\%ﬁ% éj%}iéé%bf%%gﬁg%rgg%nﬁwec Oe%a?]r%?%%em?’?cr%t

fluid nozzl e 23,3t cddgeanes addmd hintd | abrk £dts hiiodh fdIosssutcd hef gape f or mi ng
in the region of 20 the | ower peripheral edge 9 of the first el enent 3

bet ween the ¥$FRECIEeiRl oW iRt chts of et Bhe HackiZihe time
point of Fig. 2, between the adjacent elenent 3 and the further elenent 3
"' . Through the use of different fluid nozzles 23 to 26 and fluid nedia,

t he singul at iTige devdioei du@b flan dencsz iy ) usted noy didersntosdadcted

elements 3, 3', 311, ... . In rticular, it is thereby nmade possible to
adj ust the S AT R CHafd 13 npie BREIET Lt/ (f MR EFOHE® VRl er
thicknesses, 40ff &SP Ly PTRAYES mdy B uhdy AN ag§AUSE O pdapt dhe
geon&iry and/ or the strength of

10 fluid nozzles 23 to 27. For example, a cleaning liquid may
be blown together with air as a spray through the fluid

nozzlegs 23 to 27.

The first fluid nozzle 23 of the fluid cushion is arranged
15 shortly after or in the transfer zone from the feed device
4 to the acceleration device 5, in the region of the first
pair of transport belts lla, 11b. The fluid blown in or
injected from the first fluid nozzle 23, to generate the
fluid cushion flows into the gap forming in the region of
20 the lower peripheral edge 9' of the first element 3 between
the first element 3 and the adjacent element 3', or, at the
time point of Fig. 2, between the adjacent element 3' and
the further element 3''. Through the use of different fluid
nozzles 23 to 26 and fluid media, the singulating device 1
25 can be simply adjusted to different stack elements 3, 3',
3'', ... . In particular, it is thereby made possible to
adjust the singulating device 1 in a simple manner to
different wafer thicknesses, for example. Moreover, it is
advantageous to adapt the geometry and/or the strength of
30 the fluid jets 28 to 31 generated by the fluid nozzles 23
to 26 in a manner corresponding to the increasingly large

exposed area as the rotational movements of the elements 3,



30 the fluid jets 28 to 31 generated by the fluid nozzles 23 to 26 in a
manner corresponding to the increasingly |large exposed area as the
rotational novenents of the elenents 3, 16 3', 3 11 progress. In the

enbodi ment illustrated, in which the acceleration device 5 and the
transport device 32 each conprise a pair of transport belts Ila, |Ilb, 12a,
12b and 13 a, b guided in parallel, for tMo accel eration stages and 5 for
conveying away the elenments 3, 3', 311,..., the fluid nozzles 23 to 26 are
preferably arranged in a gap fornmed between the respective pairs of
transport belis, Fig.p3 . the shdathiddd g gdevi Ch, dr Agald, ain ayhaller time

10 point. In this case the further adjacent elenment 311 has al so been
accel er at ed byhe tacdoleratpeyn phesrade edgmndinthe Heraddpett edenere B2 isacl r eady

lying in a horizontal plane on. the transporf, belts 3b of_ the
transport dev‘f%nép)éjzs.eé) RWA CoF 1ior iRt ﬁ? t%ojr]raé’ct]ﬁg‘?hw%‘ti S be
integrated 15 3ataf hh sqpded . i\ et Hite det Rt | OF NEaRS) OfatibPRit £pds and

t hi ckness control, for exanple, is also possible here. The integration my
al so i ncl Wle &R orRIVEY S5 taWRy ofhe Helengmtient s bY: ot her- devitdes. flwid he

case of incor [ td ' t ' | at e

el ements 20 irg%?]éegex r%?e#%%émﬁéﬁgégﬁa%%%%# a il% %r%ﬁe?%%eg% to
the singul at igscysacesse tespder PaseHird hef adfacgndirt: adement 3', its
rotational novenent has al nost been conpleted. 25 During the accel eration
through the acceleration device 5 it nmust be ensured that sufficient

G once, 2 3 o e O enaRet Lol ik s sl gt B Lhe
éi 10 point. In this case the further adjacent element 3'' has
also been accelerated by its lower peripheral edge and the
first element 3 is already lying in a horizontal plane on
the transport belts 13a, 13b of the transport device 32. A
device for monitoring correct singulation may be integrated

15 at this point. A weight detection means or an optical
thickness control, for example, is also possible here. The
integration may also include automatic sorting of the
elements or other devices. In the case of incorrect
singulation, the incorrectly singulated element or elements

20 is/are extracted from further transportation and returned
to the singulation process. In the case of the adjacent
element 3', its rotational movement has almost been

completed.

25 During the acceleration through the acceleration device §
it must be ensured that sufficient distance exists between
the respective lower peripheral edge 9' of the successive
elements 3, 3', 3'', in order to prevent overlapping when
the successively deposited elements 3, 3', 3'' are

30 transported away. For this purpose it is possible, in the
case of especially thin elements 3, 3', 3'', for example,

to operate the feed device 4 in a pulsed manner. Through



t he successively deposited elenents 3, 3, 311 are 30 transported away. For
this purpose it is possible, in the case of especially thin elenents 3, 31,
311, for exanple, to operate the feed device 4 in a pul sed manner. Through
17 - appropriate pulsing of the feed device 4 it is effected that contact
bet ween the | ower peripheral edge 9° of the adjacent elenment 3', or of the
further adjacent elenent 311, and the @&ffansport belts ila, |Ilb of the
acceleration 5 device 5 takes place only when the | ower peripheral edge of
the preceding elenent 3 or 3' is already at a sufficient distance. However,

such a pul %@ﬂ)ﬂc@ﬁda@%vkﬁﬁs%n@bfb@_hedif%@@_nﬁ%@i\&iet h iife, ifOle FRRRTRIE,
conmparatively thick elenments are being singulated. Such thick elenents are,
for 10 exaffad ceradiedd beitvesnt thearleyerBpeaidheahlt wddeni¥dr @t thehi ckness

of the cirqu. rds, en ,a j tably c , nst f vel ocity,

cont act mﬁ%ﬁh%ﬁggkrgﬁgg%b¥ %ertg&J g,téﬁ g%§$ﬁgrf%§a% %%#béﬁ%g§€%tinues | ong
enough, befiore aagceher atragRpactubsltfson itthe 1liowerf peék phekileredgend’ of 15
the preceding first element 3 to have_ already been transported sufficiently

far. Firal BEVigeyg> FakReniRGR ORrlde WEiednERes lovwer pexdrieradf edgge oft ack 2

are arrang f fart: I Sizn i.ngl: ccessjivel t he
fourth pai?%gf%%Fgﬁggggieggﬁggﬁlgagri b,léhggge ?&ﬁ?g %b%?géﬁﬁéeb%enent of
t he transparitstdeniece Hod2vekyr tsheh el entsksl deedndeviildeust mafyedbe so t hat the

preferred arrangement of the fluid nozzles 27 and 23-26 can _again be
clearly se%ﬁ??é%sﬁﬁng§th £6%c EXRBWe San COMPREGEd vyt é88fKat i on of the

elements are being singulated. Such thick elements are, for
iw 10 example, stacked circuit boards. Because of the inherent
thickness of the circuit boards, given a suitably chosen,
constant feed velocity, contact with the transport belts
6a, 6b of the feed device 4 continues long enough, before
acceleration occurs, for the lower peripheral edge 9' of
15 the preceding first element 3 to have already been

transported sufficiently far.

Finally, Fig. 4 shows how three elements 3, 3' and 3'' of
the stack 2 are arranged for further processing singly and

20 successively on the fourth pair of transport belts 13a,
13b, which form a conveying element of the transport device
32. Further elements are not illustrated, so that the
preferred arrangement of the fluid nozzles 27 and 23-26 can
again be clearly seen.

25
Fig. 5 shows once more an enlarged representation of the
transfer zone from the feed device 4 to the acceleration
device 5. It can be seen that the lower peripheral edges 9
of the elements 3, 3', 3'', etc., of the stack 2 rest on

30 the pair of transport belts 6a, 6b, only the second
transport belt 6b of the feed device 4 being visible in the

side view. Because of the abutment of the lower peripheral



transfer zone fromthe feed device 4 to the acceleration device 5. It can
be seen that the | ower peripheral edges 9° of the elenents 3, 3', 311,

etc., of the stack 2 rest on 30 the pair of transport belts 6a, 6b, only the
second transport belt 6b of the feed device 4 being visible in the side

vi ew. Because of the abutnment of the | ower peripheral 18 edge 9' of the

i ndi vidual elenments 3, 31, 311 of the statB 2 on the pair of transport
belts 6a, 6b, a first distance dl is produced between the transport belt 6b
and the axis 10 of the stack 2. In contrast, a second distance d2 from5

the transporikgbel bs blrachil BnafiviRaaseeoBalepair 30f 3+t ranspgkt chel kakbka, I1b
is increased, as conpared to the first distance dl. An increase in the
di stance of £hen sBeopdipaPf otansmaspobelbel 8.1 bk, ki birsh Bésienceved,

for exanple, ;by.reduction.of the diameter of the rollers C 10 .14a, 14b as
conpared to 9ﬁe1%i§#%$%$e%?b?%%e?%l?% stg%fsgﬁftc#éi$mﬁ?i?% WAF ra%ts
transport behbsofarhebstwbkch.are cancanged ansthengadespanteoll, akten 20.
Fig. 5 illustrates an especially advantageous_ enbodi ment in 15 which the
second di St afb€ axan§ppﬁgrba%éa wileh fébpeét the serenfl pairdpét ance dl .

Equal ly, it | i.bl [ t he, . .feedi e sta e.the first
el ement 3 tokgsggag%geggggélgggfig%bdggi%gggggfhg'f?%s?ggéf%gggg¥rghgport
belts Ila, |thret tthetaaecel df atAwnitervésee Sibetg @tsvaRde refiuced di stance
d2 with respect tg %he first distance dl of _the_transport belts 6a, 6b of

| of .
the feed devFEEORI PRIFhPS TXBEPPRE BFAER 21Git A1PhE3RI P&t AEPERY¥RE:3 is
moved t owar dgox! bgafBeaNdphalka0bibANBROLhePBLbRCELE, ol BrevhBieupen the

| ower . peri pheral edge irst element 3 al so

\ 10 14a, 14b as compared to the diameter of the rollers 8a, 8b
of the first pair of transport belts 6a, 6b, which are

arranged on the same pair of axles 20.

Fig. 5 illustrates an especially advantageous embodiment in

15 which the second distance d; is increased with respect to
the first distance d;. Equally, it is possible during the
feeding of the stack 2 to move the first element 3 towards
the acceleration device 5, the first pair of transport
belts 11la, 11b of the acceleration device 5 being at a

20 reduced distance d; with respect to the first distance d; of
the transport belts 6a, 6b of the feed device 4. In this
case the gtack 2 with the first element 3 is moved towards
the second pair of transport belts 1lla, 11lb, whereupon the
lower peripheral edge 9' of the first element 3 alsoc has

25 contact with the faster-running transport belts 1la, 1llb at

a defined time point.

In addition, the position of the contact face 22 between
the first element 3 and its adjacent element 3' is again

30 shown clearly in Fig. 5.



25 contact with the faster-running transport belts Ila, IIb at a defined
time point. In addition, the position of the contact face 22 between the
first element 3 and its adjacent element 3' is again 30 shown clearly in
Fig. 5. 19 Fig. 6 again shows a detail of the inventive singulating
device. An exanple of a braking device 33 is shown in the transfer zone
between the feed device 4 and the acceleration device 5. In this case the
first elements of a 5 stack 2 transported in the direction of the arrow by
the transport belts 6a, 6b of the feed device 4 reach the braking device

33. For greateg. ctsaathqayn SRb¥st AeabeanspgEt tnbel heeapdyveokl gha1dengied with
the suffix "a" "are shown in each case. On its side oriented towardsS the

stack 2 to béetdcerahsperxeedlet hé brhkhkgndederéce Basisnsbownsidetha
el evated portion nth ogve | dlre tio t owar ds whi ch the

stack 2 to b r?Pﬁﬁ?Eg%%gggggt38ﬁ9e§§§ fggd d%gacgh | nst ead of the

curved contodecefetheiosi devotet be bﬁakhmg deyiCend3roehenteambavar ds hhe
stack 2 15 illustrated in Fig. 6, a medge shaped geonetry, for exanple, of
the braki Ag 8E9Fke23Brangrartednan vepydpeeceheBent Eh?lﬁérPWathéhﬁatlon in

the directiop 8£s§8§t g&%?&@ﬁéhesﬂ'ékaEﬁé pL &h8e$%§5L§9 QSMhC€h§3 Wi th

respect to th s 1 e'stack dimni's déevice 20 33 is
so arranged bﬁakhﬁgchVEyéng3d|Feetgﬁeatbatcaafeay, edle BEelsraﬁaphed by

the first element 3 of the stack 2 at a tine point at which further cont act
with the traR§pbFt 2nBeFPslens éﬁneFe@hﬁlFEeHh@e§P§§1§ nd"| BA§eFhPHURespl ace.

Instead, the.LeapegkLveohl (8L 8h80®AL;8nPlqt PEwLEEKLRe 8Back 2 to be

C; 10 transported, the braking device 3 has on one side an
elevated portion 34 arranged in the conveying direction,
towards which the stack 2 to be transported is conveyed by
the feed device 4. Instead of the curved contour of the
side of the braking device 33 oriented towards the stack 2

15 illustrated in Fig. 6, a wedge-shaped geometry, for
exampie, of the braking device 33 may alternatively be
chosen. During transportation in the direction of the
arrow, the distance of the braking device 33 with respect
to the axis 10 of the stack diminishes. The braking device

20 33 is so arranged in the conveying direction that a rear
edge 35 is reached by the first element 3 of the stack 2 at
a time point at which further contact with the transport
belts 6a, €éb of the feed device 4 no longer takes place.
Instead, the respective first element 3 of the stack 2, as

25 it moves beyond the rear edge 35 of the braking device 33,
slides off same at a defined time point and is accelerated
at its lower peripheral edge 92' by the transport belt lla

of the acceleration device 5.

30 It can also be seen in Fig. 6 that, in contrast to the
exemplary embodiments of Figs. 1 to 5, an enlarged transfer

zone may be formed in which the respective axles 20 of the



25 it noves beyond the rear edge 35 of the braking device 33, slides off
sane at a defined tine point and is accelerated at its |ower peripheral
edge 9' by the transport belt Ila of the acceleration device 5. 30 It can
al so-be seen in Fig. 6 that, in contrast to the exenplary enbodi nents of
Figs. 1 to 5, an enlarged transfer zone may be forned in which the
respective axles 20 of the 20 rollers 14ap and 20' of the roller 8a, are
arranged offset to one another in the conveying direction. As has already
been explained in detail with reference to the exenplary enbodinent of Fig.
5, in the exepphary eghodibpenboof oFi gnebrai1tBe Balr a2k LEH2BsRRE! Bekks | a,
l1b is arranged at an increased distance d2 fromthe axis 10 of the stack
2, as conpatedone ehetherstindtbeacosvelyiop tdheetitdon.paisr hek allreasiyort
belts 6a, 6b, 10 ln the Fi.gures, twy transport belts _in _each case jointly
form a convelERy SFBABRECH TtnEcFadd HoTTcl oA ERES SBokrSr SHEORLAS: ce b
and the trangpeodidevitcer3ziglhe,use tbk ekbepleepyenbnaitkeafeBls Fig.alkso
possi ble. 15 Fig. 7 is an enlarged representation of a transfer zone
bet ween t ke f8&JPA&¥i €& LTAREPPHE BEdEBelati ohlbediscarsanged pf ehe
precedi ng ex he .| I it S t t t I e different
in the feed gggkgésihaﬁésﬁéﬁfﬁe%gaggé e?ggi%%P%eg?c%§56ﬁ%bg?%%$g%é g%e
det achment oktcidbar2d rtespiet fiesti dskttahesedt 3f ofha siask Baia ddHot hed
wheel 36 is additionally provided. In the exenplary enbodi rent shown i
Fig. 7, the FS@PﬁE&rﬁh§§¥t§6sﬁs PR-the formof a gear wheel. However, f
geonetries deviating there frommy be required in order to adapt the
t oot hed wheel 36 to the

10 In the Figures, two transport belts in each case jointly

n
| ank

form a conveying element of the feed device 4, the
acceleration device 5 and the transport device 32. The use

of other conveying elements is also possible.

15 Fig. 7 is an enlarged representation of a transfer zone
between the feed device 4 and the acceleration device 5. As
in the preceding examples, the levels with respect to the
stack axis are different in the feed device 4 and in the
acceleration device 5. To improve the detachment of the

20 respective first element 3 of a stack 2, a toothed wheel 36
ig additionally provided. In the exemplary embodiment shown
in Fig. 7, the toothed wheel 36 is in the form of a gear
wheel . However, flank geometries deviating there from may
be required in order to adapt the toothed wheel 36 to the

25 thickness of the elements 3 to be singulated. The toothed
wheel 36 preferably has an external diameter which is
greater than the diameter of the rollers of the second pair
of rollers 8a, 8b plus twice the thickness of the first or
second transport belt 6a, 6b. As can be seen in Fig. 7,

30 this has the result that a movement of the stack 2 in the
direction of the arrow brings the first element 3 of the

stack 2 into contact with the rotating toothed wheel 36



25 thickness of the elenents 3 to be singulated. The toothed wheel 36
preferably has an external dianmeter which is greater than the di aneter of
the rollers of the second pair of rollers 8a, 8b plus twice the thickness
of the first or second transport belt 6a, 6b. As can be seen in Fig. 7, 30
this has the result that a novenent of the stack 2 in the direction of the
arrow brings the first elenent 3 of the 29tack 2 into contact with the
rotating toothed wheel 36 21 even before said first el ement 3 has reached
the end of the feed device 4. By neans of the toothed wheel 36, therefore,

each first elwiPHef 4411 ikt 2lenddPiNARL URALHALG ke drWRIE the
peripheral edge 9' and is lifted away fromthe stack. 5 As this happens,

because of thred|deyhtdy gr &it ereatisamdt drhe dfoqtiied odtdeld Itheathedgfard,i fting
novenent is executed . w.th the el t 3, s. al ready been expl.ained, the
geometry of e tLgeJer[Eht SHEEND § W?ﬁ%ﬁﬁ r?etcf‘%ggllssér?psl%%%fdf% vﬂiq:tsh t he
t hi ckness ofloudie i 1B ddyd e sidiguliad ad f s thaly aneelte@e st aki S
transported securely by each two successive teeth of the toothed wheel 36

in the diTedts b harrenoe hagmish ofddiae s B9ty rassgsean Bl desfar
eri pheral \ anspor Wi i rans th
!tooo!t lﬁed V\hegfgecﬁ}‘ge uﬁ?%ﬁggdai]vgqﬁt%lmgf&peér ?‘Lp %érlgf?g&fd}ge@%ol%s I nélgcdeccgﬁt ac'ta

with the thiwitlanchd alrdnerds ansport belts 1la, Ilb. At this tinme point the

third and fourth transport belts Ila, Ilb take over the further
transportation of the |lower 20 peripheral edge 9', whereby the successively

3;22‘;: gégé A YRS Aad P S A A HERIR IRbrhdt L& MBS e S 1P

10 the toothed wheel 36 is coordinated with the thickness of
the elements 3 to be singulated, so that one element 3 is
transported securely by each two successive teeth of the
toothed wheel 36 in the direction of the acceleration
device 5. The respective lower peripheral edge 9' of the

15 transported element 3 is transported by the toothed wheel
36 until said lower peripheral edge 9' comes into contact
with the third and fourth transport belts 1lla, 1llb. At this
time point the third and fourth transport belts 1lla, 1llb
take over the further transportation of the lower

20 peripheral edge 9', whereby the successively singulated

elements of the stack 2 are deposited in the manner already

described.

In the exemplary embodiment represented in the drawing, the
25 toothed wheel 36 preferably rotates at the same angular
velocity as the first pair of rollers 14a, 14b of the
second pair of transport belts 1la, 11b, whereby an
acceleration of the lower peripheral edge 9' is achieved.
In deviation from the embodiment shown in Fig. 7, however,
30 the toothed wheel 36 may have its own drive, so that, in
particular, the first pair of rollers 1l4a, 14b of the

second pair of transport belts 1lla, 1lb can be mounted



In the exenplary enbodi nent represented in the drawing, the 25 toothed
wheel 36 preferably rotates at the sanme angular velocity as the first pair
of rollers 14a, 14b of the second pair of transport belts Ila, Ilb, whereby
an acceleration of the | ower peripheral edge 9° is achieved. |In deviation
fromthe enbodi nent shown in Fig. 7, however, 30 the toothed wheel 36 may
have its own drive, so that, in particulag, the first pair of rollers 14a,
14b of the second pair of transport belts Ila, Ilb can be nounted 22
rotatably on their own axle. Even with the use of a toothed wheel 36 for

detachi ng eagRehbhslyeLAMBAE Er BFht AR18L aﬁlsfea mth tﬁepﬂ g Ble f%ow@d' evel

of the third and fourth transport belts Ila, |IIDb i gher than t
| evel of thewbekilr8t &nd Qetanblngaaspbrflbettslemgnﬁbframdtherstbek 2

resul ting height dlffer ce_to ensa |ft|n the first

el ement by négnésoPOFﬁé ?SOFREd &ﬁ EEB g 8kp gB EFFQ f tﬁ@ EFEnents 3 to
be singul at edrangpsicti pemt4019af efisp wheksnofhBkagshhasSthBt eeval akethe
preferably used as toothed wheels 36. A further possibility is to use

al um ni umPgedirafeand, sgcohdastrangpostr bates 6&.t AL, ahdnfﬁruﬁhgear wheel s
A
referably ussduLs nSsRronnt AsTESREPRE BF PherolRrasrCracEy ot thagd or" 'S

al um ni um geghe ﬁ@@@tselEmgnt8b§g@ban§h@ﬁsthhetbbanéﬁewhéemestton1the feed
device 4 to the acceleration device 5 for three alternative 20 exenplary

enbodi nents, in which the arrangenent of the toothed wheel or wheels 36,

é?Sf gg?,3ngEEe9EBﬁ§§e@E-thQ i BfestOPLEsL FXeUPhaLYaEaR0dL-ARAY ;888w 1N
= 10 wafers, wheels of plastics material are preferably used as
toothed wheels 36. A further possibility is to use
aluminium gear wheels, at least the surfaces of the
aluminium gear wheels in contact with the elements 3 to be
singulated being coated. Anodisation is preferably used to

15 form the coating of the contact faces of the aluminium gear

wheels.

Fig. 8 again shows the transfer zone from the feed device 4
to the acceleration device 5 for three alternative

20 exemplary embodiments, in which the arrangement of the
toothed wheel or wheels 36, 36a, and 36b is different. In
the simplest exemplary embodiment, shown in Fig. 8a), a
single toothed wheel 36 is used which is arranged centrally
between the first rollers l4a, 14b of the second pair of

25 transport belts 1la, 1lb. Unlike the case with the
preceding exemplary embodiments, in order to be able to
dispense with a separate drive for the toothed wheel 36 the
toothed wheel 36 is arranged on a drive shaft 20' which is
arranged between the rollers 1l4a, 14b of the first pair of

30 rollers of the second pair of transport belts 1lla, 1lb.
This drive shaft 20' is connected non-rotatably to at least

one of the two rollers l4a, 14b and thus transmits a drive



si ngl-e toot hed wheel 36 is used which is arranged centrally between the
first rollers 14a, 14b of the second pair of 25 transport belts Ila, |Ib.
Unlike the case with the preceding exenplary enbodinents, in order to be
able-to dispense with a separate drive for the toothed wheel 36 the

t oot hed wheel 36 is arranged on a drive shaft 20" which is arranged between
the rollers 14a, 14b of the first pair of230 rollers of the second pair of
transport belts Ila, IIb. This drive shaft 20" is connected non-rotatably
to at least one of the two rollers 14a, 14b and thus transmts a drive 23

torque to theotgakhed wheetodbnedh@naclangenenAt sbeMAgbRenEi 9hofd) iABkes it
possible to integrate an additional toothed wheel 36 retrospectively in

exi sting pl aRt9; SahcmakeReldi ppaAtblpetredntagdatesposkdidbhionalhe first

pair of 5 tran rt. belt : and the second pair. of transport .belts
" b reniPRoOREndnGed. Sh FAPFREPopOLYPEye d PaRGERER PEERER oA RRCF o
8b). In ordehet @iBBkAcpoBethkensandr 8ikpPENgesRNbEUPR EhestOphespetti ve
first el ement w thout groducing a tilting moment in the case of a

non- central p&3NEPeRtoPelhe 8fackRP22Bdi ke Fedaond paipeefi vEansepeked wheel

36a, 36b is [ d wiih - |lers of the first pair of
rollers 14a,8?ggg g?gfhgﬁéeggﬁgggaﬁﬁcggﬁgéghsport belts ila, lib, unlike the
15 case with the first exenplary enbodinment of Fig. 8a). In this case the

t oot hed wheel s _36a_and 36b may be connected, directly to the first pair of

rol lers l4a 4n§uIkBerr BSpELPIGeRYraBETRBRE AR FRAVPedR HiBveSPs:pFBduced by
e 30%ons BEoprotg! REREPELholelLopbbapel fpublchiie GBSt Lhe 20 comon
W 10 respective first element without producing a tilting moment
in the case of a non-central position of the stack 2 being
fed, a respective toothed wheel 36a, 36b is associated with
each of the rollers of the first pair of rollers 14a, 1l4b
of the second pair of transport belts lla, 11b, unlike the
15 case with the first exemplary embodiment of Fig. 8a). In
this case the toothed wheels 36a and 36b may be connected
directly to the first pair of rollers 14a and 14b
regpectively, so that an indirect drive is produced by the
gsecond pair of transport belts 1la, 11b. In this case the
20 common axle 20 may be fixed, the second pair of rollers 8a,
8b of the first pair of transport belts 6a, 6b, and the
first pair of rollers l4a, 14b together with the pair of
toothed wheels 36a, 36b, rotating independently of one
another on the common axle 20.
25
Fig. 8¢} shows a further exemplary embodiment in which the
elements 3 to be singulated are gripped and separated still
further towards the outer edge of their respective lower
peripheral edges 9' by the toothed wheels 36a, 36b. For
30 this purpose the toothed wheels 36a, 36b are again
connected to the first pair of rollers 14a, 14b of the

second pair of transport belts 1la, 1llb. In contrast to the



8b of the first pair of transport belts 6a, 6b, and the first pair of A
rollers 14a, 14b together with the pair of toothed wheels 36a, 36b,
rotating i ndependently of one another on the common axle 20. 25 Fig. 8c)
shows a further exenplary enbodinent in which the elements 3 to be

singul ated are gripped and separated still further towards the outer edge
of their respective |ower peripheral edges 9' by the toothed wheels 36a,
36b. For 30 this purpose the toothed mhegls 36a, 36b are again connected to
the first pair of rollers 14a, 14b of th second pair of transport belts
Ila, lib. In contrast to the 24 exenplary enbodi nent shown in Fig. 8b),
however, the toothed wheels 36a, 36b are now arranged between the second
pair of rol | SFBRIBERICGHeeR, rf’é'to"ﬁhllrn (ﬁlgraﬁﬁ)po ofNe®’, W@ 6b and the

first pair r :ﬁép $?§ Il a,
11b. In thi gé?/\sgat?‘% e‘"ﬁﬁegl?\sspor 0{)61{’ ﬁﬁﬁ'ﬂe seaq’gc#%i g;aeé“; a&q{léib a‘%éel‘?%ffset
further towﬂs dhheralerdre. 88N &9 tcﬂ‘.’r naid viel feebadiavialr ranspaitowelits a
side viewin 0 F%géh? Instead of the first transport belts 6a, 6b, the

al ternative ?‘9e'e06 fdst Rﬁ%w%&ﬂ&ew e nelfdls ofbft %l%@?%%t ack
2 is conveyed, fovoy %sréﬁgep&ctc%ﬂ@g ion,, dewd Cexéethd{gg aféfﬁégq A x?ﬁ‘é p;tfl S

arranged slidingly on a “slide rail 38 'and can b

rail 38 in Ieltwe o rduet isscaid telarkley byl bears off sedriweclsdenent 39.
The stack hal dergcg tg?as a su ort el enent 40 on which an abutnent face 41
is forned. “a stack 2, which is supported on a support
face 42 of the stack hol der

An alternative feed device 4' is shown in a side view in
C;A 10 Fig. 9. Instead of the first transport belts 6a, 6b, the
alternative feed device 4' has a stack holder 37 by means
of which a stack 2 is conveyed towards the acceleration
device 5. The stack holder 37 is arranged slidingly on a
slide rail 38 and can be displaced on the slide rail 38 in
15 the direction of the arrow by means of a drive element 39.
The stack holder 37 has a support element 40 on which an
abutment face 41 is formed. The last element of a stack 2,
which is supported on a support face 42 of the stack holder
35, rests against the abutment face 41. Transportation of
20 the stack 2 is therefore not effected via the first pair of
transport belts, as in the preceding exemplary embodiments,

but by means of the stack holder 37.

The support element 40 consists preferably of two elements
25 arranged parallel to one another, the front sides of which
together form the abutment face 41. In a prolongation of
the abutment face 41 in an approximately horizontal
direction towards the acceleration device 5, the abutment
face 41 adjoins the support face 42, which also consists of
30 two parallel elements. As a result of its forked
configuration, the support face 42 extends so far into the

region of the acceleration device 5 that even the last



35, rests against the abutnent face 41. Transportation of 20 the stack 2 is
therefore not effected via the first pair of transport belts, as in the
precedi ng exenpl ary enbodi nents, but by nmeans of the stack hol der 37. The
suppert el ement 40 consists preferably of two elenments 25 arranged parall el
to one another, the front sides of which together formthe abutnent face
41. In a prolongation of the abutnent faz® 41 in an approxi mately

hori zontal direction towards the acceleration device 5, the abutnment face
41 adjoins the support face 42, which also consists of 30 two parall el

el ements. Asc@chesult o8f thisgforked cgﬁnﬁégyﬁgihgad &gsnsaepeﬁ iface 42
extends so far into the region of the acceleration device 5 that even the

| ast 25 el emeapscoivehéoweacke2ipharbe eédpesged bpobhatatbeleratigspective

| ower peripheral ed esIQ' %g the accel eration dgvice g. Ia this

confi gurati oY hES Br kI Bnhped gﬁﬁgbﬁ?ra 328 4bej §oplsPR?BRESHRAPPRE gaps
between the tnaasporisSpbeitsoddd, ihl bhangagdapedgbeAf chber agA8HEEAL I ON
device S. Provided opposite the abutnment face 41 is a restraining nozzle
43 whi ch appPeétst dlliheltlsprét ive, f tohtof| ehenacgelerat hensdaekce 4.1 oadi ng
towards the abutnment face 41 by 10 neans of a fluid jet. The individual

el ements of the stack 2 are thereby held in abutnent wth the abutnent face

41 with a fpreeiadfusppbsecbychbeablithént efacorevensi Agréherachengnts 3
fromtipping over upon a novenent of the stack holder 37. For reasons of

clarity the PPaFdend2zVeichrappites7ho bhe meeraetivepfeseht edemantiy. 9.
e of 1 Oe, CABVEbLE n9=g BBl Rgth e LhgyrgRenrles HRnplso be
' 10 means of a fluid jet. The individual elements of the stack
2 are thereby held in abutment with the abutment face 41
with a force adjustable by the fluid jet, preventing the
elements 3 from tipping over upon a movement of the stack
holder 37. For reasons of clarity the fluid nozzles 27a,

15 27b, 27c¢ are not represented in Fig. 9. Instead of the
movable nozzles already described, the nozzles may also be
fixed, a relative movement between the fluid jet and the
stack 2 being generated by an oscillating motion of the
stack holder 37. A pulsed supply of fluid wvia the fluid

20 nozzles 27a to 27c may again preferably take place. The
lateral alignment of the stack 2 on the stack holder 37 is

effected by a stop face 48 which is mounted in a fixed

position on a support 49.

25 Also visible in Fig. 9 is a guide element 45 which is
arranged on both sides of the acceleration device 5 and the
vertical walls of which effect precise orientation of the
individual elements 3 on the transport belts of the
acceleration device 5. The distance between the two walls

30 of the guide element 45 decreases in the transport

direction. Also shown in the side view are two bearing



stack 2 being generated by an oscillating notion of the stack holder 37. A
pul sed supply of fluid via the fluid 20 nozzles 27a to 27c may again
preferably take place. The lateral alignnment of the stack 2 on the stack
hol der 37 is effected by a stop face 48 which is nmounted in a fixed
position on a support 49. 25 Also visible in Fig. 9 is a guide elenent 45
which is arranged on both sides of the aeceleration device 5 and the
vertical walls of which effect precise orientation of the individual

el enents 3 on the transport belts of the acceleration device 5. The

di stance betyeeid he,twe val L$i30 ohd R&19W de- ehemeat r3 deci83ses in the
transport direction. Also shown in the side view are two bearing 26 bl ocks
46, 47 in whiheh ndid eand of Gheskgioed efrart icec dieviieg St erer giricarisledf. t he
acceleration device 5 are provided. The invention is not restricted to the
preferred exenplary 5 enbodinent illustrated. Rather, the individual

features of THehE reeeRRlcA Y serRRdir®RRtr icRRdDe LomM ped furifOR&enpatahgr 1IN
any desired manner. CL 27 Cainms 1. Method for singulating stacked,

pl ate-|ike embrstiment(dllystryted.f Rapherst &dle dndivicwadi Jiosgues BF

fol | ow ng Stt S.:ex'en%c %%qclgn%{%o%g%%lﬁt( %)anofbep lc%ﬁr&filnl laewﬁlt%n%%tes Qx%t#‘;e%‘ , 311)
to an accel eration dévice ;- increasing a eeq vel ocCi ty of "& T1T st

el ement (3) irofanyh@lestiaeld @Anrly.accel eration of the el enent (3) at

o



10 a.part of its peripheral edge (9') in the direction of an axis (10) of
the stack (2) by the acceleration device (5); depositing the elenent (3) on
a transport device (32), and 15 - conveying away the deposited first
elenent (3). 2. Method according to claiml, characterised in that the
axis (10) of the stack (2) is oriented approximately horizontally and the
first element (3) is accelerated 20 at a 2pwer part of its peripheral edge
(9"). 3. Method according to claim1l or 2, characterised in that the
acceleration is effected by a conveying elenment (ila, lib) of the

accel eration device (5) 25 which is noved,at,gan increased relative velocity
wth respect to the axial velocity of the peripheral edge (9') of the
element (3). 4. Method according to any one of clains 1to 3 30

characterised in {h n_accel.eration of heral edge
(9') of the reneﬁfg%gg fer 8xBeH 3 PH § aFggg iﬁtﬁcgék @ﬁn§ﬁages 28
5. Method according,tgrany roenefebmChakibck QQ)4 cb Fggggﬁglgﬁg in that

t hrough t he accel eration of the respective first elenent (3) at a part of

its 5 perPpheral &@§dowdny gtepeational novenent of the flrst el enent (9)
on the transport devi SeoR 5. & TBERCKNEY R aBEBFE Mot o LAOSBRE bf ol ai ms 1
to 5, characteriged gn'yhat anpattedbrhbeopeaepheral sedge

- increasing a feed velocity of a first element (3)

of the stack (2) by acceleration of the element (3) at

(;_ 10 a part of its peripheral edge (9') in the direction of
an axis (10) of the stack (2) by the acceleration
device (5};

- depositing the element (3) on a transport device

(32), and
15 - conveying away the deposited first element (3).
2. Method according to claim 1, characterised in that the

axis (10) of the stack (2) is oriented approximately
horizontally and the first element (3) is accelerated

20 at a lower part of its peripheral edge (9').

3. Method according to claim 1 or 2, characterised in
that the acceleration is effected by a conveying
element (1ila, 11b) of the acceleration device (&)

25 which is moved at an increased relative velocity with
respect to the axial velocity of the peripheral edge

(9') of the element (3).

4. Method according to any one of claims 1 to 3,
30 characterised in that an acceleration of the part of
the peripheral edge (9') of the element (3) is

executed in at least two acceleration stages.



(9"). of the respective first elenment (3) of the stack (2) is brought into
contact with the acceleration device (5) by a relative novenent of the
stack (2) 15 with respect to the acceleration device (5). 7. Method
according to claim6, characterised in that the relative novenent of the
stack (2) with respect to the acceleration device (5) is pulsed. 20 8.
Met hod according to any one of clains 1 @8 7, characterised in that an
elenent (3') of the stack (2) adjacent to the first elenent (3) is
subjected to a restraining force by a braking device. 25 9. Method
according to any one of clainms 1 to 8, characterised in that at |east one
fluid jet (27a, 27b, 27c) is blown or injected into a region of a contact
face (22) bétweerMetideod iactordigmenito (B)y amk ant 30l aidiwcerito et enent (3') of

the stack (2) at |.east bef the .start, of th leration. 29 _ 10, Method
aceording 1o any G BT el A1 (% ORGPt TS T H P 1701 'S ushi on

for the elenment f&peyidd berdleposdniad | & generatgi-byomtidLast one
further fluid jet (28, 29, 30, 31) and the elenent (3, 5 3') to be deposited
i s gui decP by t he BeiRheTFhiefge pedt) ah Zrfjatckonakiegwsyeqt Pf the ')

wi t hout contact Mt s}ldght_ cqont.ac ri it I
novenment. 10 11. Oﬁ\)éﬁ#odghaeg@%%tdi Lé Plos aﬁ&%n%t(%r' Cﬁ%ﬂﬂvﬁ#%%ﬁ%ﬁé@onﬂ
characterised in mdwaimdrdte tles pelodmarer f (I)Stieldymidii{e] on the transport

device {32).

c: 10 6. Method according to any one of claims 1 to 5,
characterised in that a part of the peripheral edge
(9') of the respective first element (3} of the stack
{2) is brought into contact with the acceleration
device (5) by a relative movement of the stack (2)

15 with regpect to the acceleration device (5).

7. Method according to claim &, characterised in that the
relative movement of the stack (2) with respect to the
acceleration device (5) is pulsed.

20
¢ 8. Method according to any one of claims 1 to 7,
characterised in that an element (3') of the stack (2)
adjacent to the first element (3) is subjected to a
restraining force by a braking device.
25

9. Method according to any one of claims 1 to 8,
characterised in that at least one fluid jet (27a,
27b, 27c) is blown or injected into a region of a
contact face (22) between the first element (3) and an

30 adjacent element (3') of the stack (2) at least before

the start of the acceleration.



is lifted away fromthe stack by a toothed wheel (36, 361, 3611). 15 12.

Si ngul ating device for singulating stacked, plate-like elenents (3, 3',

311) froma stack (2), conprising a feed device (4, 4') and an accel eration
devi‘ce (5) for increasing the feed velocity of a first elenment (3) of the
stack (2) by acceleration of a part of a 20 peripheral edge (9') of the
first elenment (3), and conprising a traresgport device (32) for conveying
away the elenment (3). 13. Singulating device according to claim12, 25
characterised in that the stack (2) is transportable wth an approxi mately

hori zontal | yreri ewéesb@xdscdd@ing | o BEecthONLE thengcceleration device (5)
by a conveying el ement (6a, 6b) or a stack holder (37) of the feed device

(4, 4'). 30 14. SrhapacisniseRviretlaior dihgid oceslion 1fo0rtl8 element

characterised in at,the_accel eration device (5) has .30 _as., an accel eration
el ement at | east g)%'e %:o)}r]\vte?/ic%% C?ee?%sr’r%%?g(ﬁa?ergi%ﬁt%‘gx}?lﬁga%nl?%ﬁ e4d?d axi al
velocity conponefiiryhéh fBspeciet 0(ide 2xj alo velDridnd ofh@ eDehréphera edge

(9) of the first el enent (2%, and 5 in that the conveying elenent (ila, 11b)
of the dtcelerat}oh EHevwecderogkrethged Fubdedmny athry FHakskiewshipnl ongati on

of the conveying 0 f eed Vi rt
face (42) of the é%%ﬁgﬁgﬁ h%%?%%?%lé@%nt E4 % )Ce‘délﬂm% Qénéaéypgf
with only slight contact during its rotational

movement.

Cw 10 11. Method according to any one of claims 1 to 10,
characterised in that the respective first element (3)
is lifted away from the stack by a toothed wheel (36,
36', 36'").

15 12. Singulating device for singulating stacked, plate-like
elements (3, 3', 3'') from a stack (2}, comprising a
feed device (4, 4') and an acceleration device (5) for
increasing the feed velocity of a first element (3) of
the stack (2) by acceleration of a part of a

20 peripheral edge (9') of the first element (3}, and
comprising a transport device (32) for conveying away

the element (3).

13. Singulating device according to claim 12,
25 characterised in that the stack (2) is transportable
with an approximately horizontally-oriented axis (10)
in direction to the acceleration device (5) by a
conveying element (6a, 6b) or a stack holder (37) of
the feed device (4, 4').
30
14. Singulating device according to claim 12 or 13,

characterised in that the acceleration device (5) has



15. Singul ating device according to claim 14, characterised in that the
conveying elenent (lla, Ilb) of the acceleration device (5) is disposed at
a greater or |esser distance (d2) froman axis (10) of 15 the stack (2)

Wi th respect to the conveying elenent (6a, 6b) or to the support face (42)
of the stack holder (37). 16. Singulating device according to any one of
claims 13 20 to 15, characterised in that the conveying elenment (6a, b) of
the feed device (4) and/or the conveying elenent (ila, b) of the

accel eration device (5) conprise pairs of transport belts in each case. 25

17. Singul ating deviage a2eeletaRdcho ca@hete a@f 1ehaitMnt? col@elfing
characterised in that the singulating device (1) has a braking geV|ce. 18.

Si ngul ati ng devi edeneasr dildg .t @ iy hanéngf acl dnggeded3axtiallvelocity

characterised in that the si.ngul ati ng devi 1). has at l.east .one fluid
e Chracd b cohBonft Wit LA 08Y Bhe. bk 2108 Thei B He08T Ll i F et
(2la, 31 b, c) iperapheaasf @agéor@l)fb_@rrth@:ef}‘i@%@ deveatr(4B)t 0ankhe

accel eration device (5). 19. Singu atlng devi ce according to claim18, 5

char act ePi sed i nifh&hatn ther egnyryanst kdeaessl diadei odlbdewifc&hes) adj oi ni ng

the t f t [ d.at | AN 4 23,
20, 25, 26) whi BT ASE TRE Prr et ol Bt LB CnBA AP L gPaNt et

| east one fluid jpeblEe28ati®n 2%, t3e) conl@y20g Silegehat i(eg,devi o€ abeor di ng

to any one of CI%L%% %%vice {(4) or of a support face (42) of the stack
holder (37).

L 10
15. Singulating device according to claim 14,
characterised in that the conveying element {l1la, 11b)
of the acceleration device (5) is disposed at a
greater or lesser distance (d;) from an axis (10) of
15 the stack (2) with respect to the conveying element

(6a, 6b) or to the support face (42) of the stack
holder (37).

16. Singulating device according to any one of claims 13
20 to 15, characterised in that the conveying element
(6a, b) of the feed device (4) and/or the conveying
element (lla, b) of the acceleration device (5)

comprise pairs of transport belts in each case.

25 17. Singulating device according to any one of claims 12
to 16, characterised in that the singulating device

(1) has a braking device.

18. Singulating device according to any one of claims 12
30 to 17, characterised in that the singulating device
(1} has at least one fluid nozzle (27a, 27b, 27¢) for

injecting or blowing in at least one fluid jet (21a,



to 19, characterised in that at |east one toothed wheel (36, 36', 36'') for
lifting away the respective first elenment (3) of the stack (2) is arranged

in a 15 transfer zone fromthe feed device (4) to the
(5)~ C

31

accel erati on devi ce

b, ¢} in a transfer zone from the feed device {(4) to

the acceleration device (5).

19. Singulating device according to claim 18,

5 characterised in that in a region of the acceleration

device (5) adjoining the transfer zone there is

arranged at least one further fluid nozzle (23, 24,

25, 26) which loads the first element (3} against

gravity with at least one fluid jet (28, 29, 29, 30).

Clo

20. Singulating device according to any one of claims 12

to 19, characterised in that at least one toothed

wheel (36, 36', 36'') for lifting away the respective

first element (3) of the stack (2) is arranged in a

15 transfer zone from the feed device (4) to the

acceleration device (5).

C



