- 1 METHOD AND CONVEYOR BELT SYSTEM W TH AT LEAST CONVEYOR BELT FOR
TRANSPORTI NG FLAT TRANSPORT GOODS The invention relates to a nethod of-
transporting flat transport goods, nore particularly substrates such as
silicon wafers and solar cells on at Heast one conveyor belt of a conveyor
belt system wherei n the substrates are held on a transport surface of the
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| east one conveyor IR W&W@ tEIl@g? fHF@ﬁ\}StR(m’IS@@GDS goods, nore
particularly substrates such as silicon wafers - and solar cells, and with a
suction device which holds the substrates by neans of suction on the
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transportation. In the case of wafers being transported with grippers,
their position is only retained through suction and friction on the
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the at least one conveyor belt at least cyclically during
transportation.

The transporting of silicon wafers for the production of
solar cells is usually carried out with grippers or on a
conveyor belt which can comprise several belts. Because of
the machines used in the production process transportation
of the wafers takes place in c¢ycles, which means the
conveyor belts and grippers constantly have to be
accelerated and braked. The wafers lying on the conveyor
belts can normally only remain in position due to gravity
and fraction during transportation. In the case of wafers
being transported with grippers, their position 1s only
retained through suction and friction on the contact
surface. However if acceleration and braking of the
conveyor belts takes places too quickly the friction values
of the conveyor belts and the contact surface of the
gripper are exceeded, resulting in slipping of the wafer
which then loses its original position in relation to the
conveyor belt or gripper. Furthermore, as a result of too
little adhesion between the wafer and conveyor belt the

wafer may fall off the conveyor belt.



wafer may fall off the conveyor belt. 2 1In order to increase the adhesion
on the conveyor belt, conveyor belts made of different materials with
different surfaces are used. In order to further increase the adhesion of
flat transport goods such as wafers—of solar cells on a conveyor belt, in
a conveyor belt system known from DE 10 2004 050 463 B3, conveyor belts
are designed wth apertures up to their surface which are evenly
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through the aperture and damaged.

A system for structuring sclar modules known from DE 10
2006 033 296 Al comprises a transport system with an air
cushion system for transporting a solar module in one
transporting plane, whéreby 1in one processing area a
pressure-vacuum table is provided for simultaneously
generating a vacuum and an overpressure between the solar
module and a plate and the soclar module 1s constantly kept

at a distance from the plate by a generated air cushion.

The aim of the invention is to ensure increased adhesion of
the wafers on the conveyor belt in a gentle manner, thereby
allowing higher speeds and accelerations of the conveyor
belt without impairing the positioning of the wafer on the
relevant transport area. The objective of the invention is
therefore to design a method and conveyor belt system of
the type mentioned in the introductory section in such a
way that pressure conditions are produced in a large area
around the conveyor belts which assure improved slip-
resistance and gentle transportation of the substrates on

the conveyor belt in a cost-effective manner.



resi stance and gentle transportation of the substrates on the conveyor
belt in a cost-effective nanner. 3 According to the invention this
objective is achieved in that along at | east one of the two |ongitudinal
edges of the belt of the conveyor bePt “systemthat extend in the
direction of transporting, in a plurality of positions spaced with regard
to each other an underpressure based on the Bernoulli effect is produced
by flow guidance, controlled by a flow system of a pressure nedi um such
as corerse:S?Qe“dlagr tantheas nyendsigint oiis hebpeessuee idi fdehbeced Bat ween
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subst r at &&earcearttraa:tsmrﬂfeebeon a conveyor belt w t h continuously

circulating belts, advantageously both al ong
Preferably during the transporting of the substrates, of
the plurality of positions on the longitudinal edge of the
belt, at which the overpressure based on the Bernoulli
effect is generated, only a certain number of positions,
which are at any moment consecutively covered by a
substrate in the direction of transporting, are contreclled
by the compressed air supply for producing the
underpressure based on the Bernoulli effect, whereby during
transportation of the substrates, on covering of the next
position in the transporting direction on the longitudinal
edge of the belt by the forward edge of each substrate,
control of the following position through the supply of
compressed air is automatically activated, and at the
position on the longitudinal edge of the belt which is
cleared by rear edge of the substrate while being

transported the supply of compressed air is switched off.

If the substrates are transported on a conveyor belt with
continuously circulating belts, advantageously both along
the longitudinal edge of the upper support surface of the
coentinuous belt as well as along the longitudinal edge of

‘the lower support surface of the continuous belt moving in



t he | ongi tudi nal edge of the upper support surface of the continuous belt
as well as along the |longitudinal edge of the |ower support surface of the
continuous belt noving in 4 the opposite direction, at a plurality of
positions, spaced with regard to eac other, on the |ongitudinal edge an
underpressure based on the Bernoulli effect is generated through the flow
gui dance
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nagnitud%xﬂhg transported on the transport surface of the conveyor
belt can, through alternating generation of the
underpressure at the corresponding positions on the
longitudinal edge of the belt of the lower and the upper
conveyor belt, be transferred to the opposite transport
surface of the upper conveyor belt; place thereon and held
by suction.

The underpressure based on the Bernoulli effect can also be
produced along both longitudinal edges of the belt of the
conveyor belt running in the direction of transport at
positions corresponding to each other. Preferably the
distance between the positions at which the underpressure
based on the Bernoulli effect is generated on each
longitudinal edge of the belt is selected to be of equal
size, and the underpressure generated on the basis of the
Bernoulli effect at the relevant positions on each
iongitudinal edge of the belt is of equal magnitude.

Suitably the supply of the pressure medium, controlled by
the flow system, for producing the underpressure based on
the Bernoulli effect at each of the plurality of positions



Suitably the supply of the pressure nedium controlled by the flow system
for producing the underpressure based on the Bernoulli effect at each of
the plurality of positions - 5 on the |ongitudinal edge or |ongitudinal
edges of the belt of the conveyor bebt =i s conputer-controlled. The
objective of the invention is also achieved in accordance with the
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whi oh | o BT Cer e L T ohg eAEh Sl BePoRG i Mt teages of
t he bel t ofoftheheocosryeyobeldl tisr gompug eirn coné raillect.i on of transport
arranged at correspondi ng positions there is at |east one outfl ow opening
assigned to a chanber of a device generating a Bernoulli suction effect, a
pressur e THedi PRISEEH VEs hpridssediayentso8uppfi edlspo BRBiER&Aber Vi a at

| east on@ddrefaneRentin: the iGkeasisactionid ¥bhedybs Beeat efsthan the
cross- section of, thﬁlleoutlet openi ng of the Ch%ﬂ?ﬁ’:\ .and the substrates are
hel d wi t Bt mic dhtadt tGste T Yprsshdcd o dForthad@tadd S5 t he

transportirbelhiatby nmeans of the pressure difference between the

at nospheric pressure and the_underpressur.e caused b t he.Bernoul |\, suction
effect pr oducé Ol%g tHE" e(r)ﬁoﬁ [ %Wé)uc qn&ec ec\iiii-ncagL a éc() %Stﬂfé f%érelgilf)teuld—‘l nal
edges of the odontbyorcheveyoPréfertablypnmiegBennouthe siictdoniaevicde
conprises a pluralj of S ?@:r%s’?;‘&lﬂ?ﬁr foutfil QW qpenisngs, which
is the sanme for é]agﬁtr?tongfirt%u I nal edge of "the .negf)tpoo;i lt he conveyor belt,
wher eby t he o@'f I1GR Tpetithg@Liaf oV appanted atségnal 8PsPasdedberomfeach

other in eacha GRIREPRANAHIFY td Bernbha 18l Widldilon &ff fekanbers and
nunber of outfl ow opening al oa’% eac?1 side of the bg:l t.of . the cqnveyor bel t
can correspond @I OUTFROW o &R N compressed alr 15 supplle

to the chamber via at least one inlet opening, the
cross-section of which 1s greater than the cross-
section of the outlet opening of the chamber and

- the substrates are held with uniform contact surface
pressure on transport surface of the transport belt by
means of the ©pressure difference between the
atmospheric pressure and the underpressure caused by
the Bernoulli suction effect produced by the Bernoulli
suction device along the longitudinal edges of the

conveyor belt.

Preferably the Bernoulli suction device comprises a
plurality of chambers and a number of outflow openings
which is the same for each longitudinal edge of the belt of
the conveyor Dbelt, whereby the outflow openings are
arranged at equal distances from each other 1in each
ceorresponding peosition. The plurality of chambers and
number of outflow opening along each side of the belt of
the conveyor belt can correspond and two outflow openings
can be assigned to each chamber, which are arranged on the
two longitudinal edge of the belt of the conveyor belt in

the positions corresponding to each other.



can be assigned to each chanber, which are arranged on the two

| ongi tudi nal edge of the belt of the conveyor belt in the positions

corresponding to each other. - 6 In order to reduce the energy

requi rement, the conveyor belt systefm irn accordance with the invention is
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is switched off.

The conveyor belt can comprise continucus belts, deflected
via a roller arrangement, on the upper contact surface and
lower contact surface of which, which run in opposite
directions, the Bernculli suction effect is produced along
the longitudinal edges of the continuous belt of the
conveyor belts by the Bernoulli suction device, whereby the
upper contact surface and the lower contact surface of the
continuous belt form the transport surface of the conveyor
belt, on which the substrates are held with uniform
pressure through the difference in pressure between the
atmospheric pressure and the underpressure caused by the
Bernoulli suction effect produced along the longitudinal
edges of the continuous belt of the conveyor belt by the

Bernoulli suction device.

Preferably two parallel conveyor belts moving in the same
direction can be provided which overlap at their opposite
end section and are arranged at a distance from each other,

whereby the substrates on the transport surface of the



Bernoul | i suction device. Preferably two parallel conveyor belts noving in
the sanme direction can be provided which overlap at their opposite end
section and are arranged at a drstance from each other, whereby the
substrates on the transport surface-of the 7 |ower conveyor belt can,
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sorting
transported “upside down” or in all possible directions at

high speed and acceleration on the conveyor belt without
impairment of their position on the transport surface of
the conveyof belt. In addition, the conveyor belt system in
accordance with the invention allows considerable savings
in production and energy costs as the compressed air supply

suitably takes -place synchronised with the belt movement .

In addition to substrates such as silicon wafers and sclar
cells, many other objects made of glass, ceramic, metal,
wood or plastic, e.g. CDs, circuit boards, displays and
suchlike can be transported in a slip-resistant manner with
the device and/or conveyor belt system in accordance with
the invention. Moreover, the use of the method in
accordance with the invention is of advantage in sorting
installations of all types as well as in the semiconductor

industry.

The invention will now be described with the aid of the

drawings, in which



installations of all types as well as in the sem conductor industry. The
invention wll now be described with the aid of the drawi ngs, in which -

Fig. lai
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s a view from above of a section of one enbodi nrent of the

belt systemw th a conveyor Belt, Fig. Ib is a view of a section

t hrough planes A-Ain fig. la, Fig. 2 is perspective view of a
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of the
suction device, Fig. 3 is a perspective viewsimlar to fig. 2
on shown in fig. 2 with full covering of the chanber of the

f , of h
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enmbodi mertf dihe Her@ewidyiorsudiglan sigsti€,1 shown schematically in fig. 1a,

it conpri
exanpl e,
devi ce 4,
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a can be seen m t he Torm of

fig.

ses a conveyor belt 2 for transporting substrates such as,

silicon wafers and solar cells, as well as a Bernoulli suction
ia %1g.

r to 2 the section

Fighi ch 1% 3HGWePRCEHES PheynSami
shown in fig. 2 with full covering of the chamber of the
Bernoulli suction device, whereby the section for
clarifying the consecutive controlling of a number of
outflow openings of the Bernoulli suction device 1s shown
twice and on top of each other with positions of the wafers
offset with regard to each other in the direction of

transport.

Fig. 4a is a side view of a section of a schematically
shown other form of embodiment of the conveyor belt system,
in which the opposite end sections of two parallel conveyor
belts overlap each other and the wafers can be transferred
from one conveyor belt to the other conveyor belt through

the Bernoulli suction effect.
Fig. 4b show a view of section along plane A-A of fig. 4b,

As can be seen from the form of embodiment of the conveyor
belt system 1 shown schematically in fig. la, it comprises
a conveyor belt 2 for transporting substrates such as, for
example, silicon wafers and soclar cells, as well as a
Bernoulli suctiocn device 4, which is shown in fig. 1b in a
section through plane A-A in figure la. Along each of the
lengitudinal edges 7 of the belt 8 of the conveyor belt 2

for
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section through plane A-Ain figure la. Al ong each of the |ongitudinal

edges 7 of the belt 8 of the conveyor belt 2 9 running in the direction of

transporting 6, the Bernoulli suction device 4 conprises at |east one

outflow opening 9 of a chanmber 10 im%orrespondi ng positions to which

conpressed air 11 is suppl i ed vi a an inflow opening 12 from a source of

conpressed ai.r, |s not : e.5ross-, section, of

openi ng 12 sng?r el ?hgnrfeﬁ l((:)Poss SECt TN oJf { heé’ oEﬁFI E)B\%%élﬁgm ng 9 of

t he chantsercti®n 'ﬁ@l@&lb@tcamgmsear @thellecbsetvecwhq prefied opeoinhe

transport,g sysf v ﬁ}@]ttlg)%fortq)e Ahipg  in
Sy %%%H@e%f 3Rﬁ Gon yeﬁﬁgns 1# LONS ile,

t he dlrectlon of arrow 19 create difference in pressure
bet ween tdfERRSFESSherdic Idr dss (FPRA@d tHe lﬁmérrﬁrlé@lslﬂﬁ@rﬁmglﬁt E9But by

Ithe Bfrgwlélduxéﬁéagﬂ th@éﬁéﬁj erch@hB@ﬁnﬁagl hgtg%tﬁw@n ded Ga-dseng both
ongil tudl nal e ge €. .ne . | an snQw an ene savi ng
and cost -% ﬁf?@f Pt ARATOM disheheadre 1 &Ig%egl t system

1 in V\hlsmlrtttm pcafaltlhel @O Eywr chehtigag? garefemh@sa@eainbéiereo t e
Ber noul | i %Uq:tl chéggdegl ce 4 Ha 42 eyr Srg 3883”%'3{ t%g rrt}ecr b of
, er’ a ut

out fl ow openl ngs Whét eeb & nur 70w openi n s on each
| ongi tudlmmf%;d‘ge'ﬁ obft hbeb@ltltnveﬁfoaf herlch %ohheyoghbéhﬁ quet e tsiaree, t he

outflow openichas o9:-8Eeiahr aN9ed dloyt NeoSalpo SR ANRE. hkafieash alher in

the corresponding positions and the nunb chanber 10 and the nunber
b of out fHehf NG D RESFHRP A TR tilth AIMORRRC ¥ RIRSPBIT BDf each
of the twh&onva¥eprbekhize? beShgiesSpaRdst | Byfitthe 3pernbahliiofefemadt
Govi oo | SRHTAEH 10 ol 24 1R B anduHer oDt THECharbdhe 100 %r e |1
can be seemithaiirtaio etgd |"owOpan ngsltd are all ocated to each chanber 10,
whi ch are arranged in positions correspondi ng

Figures 2 and 3 show an energy-saving and cost-reducing

preferred form of embodiment of the conveyor belt system 1

in which two parallel conveyor belts 2 are envisaged. Here

the Bernoulli suction device 4 has a number a of chambers

10 and number b of outflow openings 9, whereby the number a

of outflow openings 9 on each longitudinal edge of the belt

8 of each conveyor belt 2 is the same, the outflow openings

9 are arranged at the same distance from each other in the

corresponding positions and the number a of chamber 10 and

the number b of outflow opening 9 along each longitudinal

edge of the belt 8 of each of the two conveyor belts 2

corresponds.

In fig. 3 on half of each conveyor belt 2 the covering of
the chambers 10 of the Bernoulli suction device is omitted
to clarify the arrangement of the chambers 10. Here it can
be seen that two outflow openings 9 are allocated to each
chamber 10, which are arranged in positions corresponding
to each other on the two longitudinal edges 7 of the belt 8

of each of the conveyor belts 2.



to each other on the two longitudinal edges 7 of the belt 8 of each of the
~conveyor belts 2. 10 Fig. 3 shows that in this preferred form of

enbodi ment of the conveyor system 1 of the plurality a of chanbers 10 of
the Bernoul li suction device 4 only-al€ertain nunber ¢ of chanbers, the
outfl ow opening 9 assigned to themone after the other in the di rection of

Lranspor ity o alipgg. epal Lengitudigalcedae, Teolnt e BRLDASHahceash

conveyor are covere urin
t r anspor thhey wmvewe s disttren eb @f bhe pbnrabttgdabpft @@amberCSBéIOnmﬂ | i

SUCti on 4§\ G&s holBUTd NGy Lok aBSRAE! at 'cﬁfhpfa LBeL SURShLRLES 3, SN

covering of the next outflow opening 9 the direction in the transport
di rect i of FEMREGShe th ol bl @d gRPaBi g %aEﬁSéaasﬂrapet@emnOtnﬁea& ¢t i on of

tr?nSp?rtﬂHw 6théthe ighagher cga@e&ﬁﬁh cﬁﬂeaftectrtamﬁ;mﬂafﬂl% Qm@ﬁgn@ta%n S .
aut omat i ca contr , e c r.to [ i S _assigne e ou ow
openi ng 3%@’1 'iiﬂré')&\je eétd)gema/-}] ‘P% ethe Sngggg P 8’1‘5‘#1 é’ostYﬁé’torrat%% r}n

guest i on dur | Ry victred tbgns@or:ttmgmmte S ?svmattchedyoftlmEl gsur#eg andhedb show
a further v | t i |ch as
shown |n‘%JéH§E§¥tl qﬁogk ggﬁegggr el?s8 06ﬁﬁ¥§i?é%' n%mgtrectlon
of nnveﬁhmmNBLHMer$apta@nthbﬂﬂiﬁpp@si@@Ie@@ sere | bmengpoatdtien @fd are
arr anged e At ANeR AN 4 ORPlc ARG B AT - LiftS I (T Td ot tflieh shows

a section through  overlapping end sectlons 17; the two conveyor
belts 2 Jé}oﬁ&eplghéeﬂiAoPn ihg.the, tFrssnt Iﬁl§ﬁ€ﬁﬂ8ﬁ dévike £hs
assi gned ﬂd):v%]?&h @@@a;ayt@[] del ka2hi rstmgﬂt&ét/)valy tlﬁﬁtthéubibsééitﬁﬁn?:dm t he
transport, surface .5 of t onv r _bel.t 2 can rougt ternate
cont o1 1| AT DD o oqimarg™BaET 1 BRSHERES o bnthng. SoreBsHbndi ng
| ongi t udioyadnigdge’ i’sofauttlwetahcalctal&yofcctrtte:dbhm:t, aaddt hbe chamber to
which 1s assigned the outflow opening 9 next uncovered by
the rear edge 14 of the substrate 3 in question during its

transportation, is switched off.

Figs. 4a and 4b show a further form of embodiment of the
conveyor belt system 1 in which, as shown in fig. 4a , two
parallel conveyor belts 2 with the same direction of
movement 6 overlap at their opposite end sections 17 and 18

and are arranged at distance on top of each other.

As shown 1in fig. 4b, which shows a section through
overlapping end sections 17; 18 of the two conveyor belts 2
along plane A-A in fig. 4a, a Bernoulli suction device 4 is
assigned to each conveyor belt 2 in such a way that
substrates 3 on the transport surface 5 of the lower
conveyor belt 2 can, through alternate controlling of the
corresponding outflow openings 9 on the corresponding
longitudinal edges 7 of the belt 8 of the lower and the
upper conveyor belt 2 and through the Bernoulli suction
effects brought about thereby, be transferred to the
 transport surface 5 of the upper conveyor belt 2, placed
thereon and held in place. The force 1is exerted in the

direction of arrow 19,



upper conveyor belt 2 and through the Bernoulli suction effects brought
about thereby, be transferred to the transport surface 5 of the upper
conveyor belt 2, placed thereon and held in place. The force is exerted in
the direction of arrow 19. - 11 - -Lidt -of reference nunbers 1 Conveyor
belt system 2 Conveyor belt 3 Transport goods, substrates, silicon wafers,
solar cells 4 Suction system flow system5 Transport surface 6 Transport
direction 7 Longitudinal edges 8 Belt 9 Qutflow openings, positions 10
Chanber NisPreksteefénie, newoppressed air 12 Infl ow opening 13 Front edge
of the substrate 14 Rear edge of the substrate 15 Upper contact surface of
the conveyor belt 16 Lower contact surface of the conveyor belt 17 End
secti on bfCPmEEYPhretonteybetbel t 18 End section of the | ower conveyor
belt 1% Drseesyon wilexerted force a Plurality of chambers b Number of
outfl ow gpenings c Certain nunber of outf]ow openiLngs - - IMS 1. A
ot hod of T TSRSRRFE T o SHPAEBOT S, qobHe OROr e ot | 5015 | SFCkbst r at es
such as 4i fucohomad esiserandf1swl aystahl s on at | east one conveyor belt of a
5 Transport surface
Transport direction
Longitudinal edges

Belt

o o~ o

Outflow openings, positions

10 Chamber

11 Pressure fluid, compressed air

12 Inflow opening

13 Front edge of the substrate

14 Rear edge of the substrate

15 Upper contact surface of the conveyor belt
16 Lower contact surface of the conveyor belt
17 End section of the upper conveyor belt

18 End section of the lower conveyor belt

19 Direction of exerted force

a Plurality of chambers

b Number of outflow openings

¢ Certain number of outflow openings



conveyor belt system wherein the substrates are held on a transport
surface of the conveyor belt at |least cyclically during transportation by
means of suction, characterised in that along at | east one of the two

| ongi tudi nal edges of the belt of tH& conveyor belt systemthat extend in
the direction of transporting, in a plurality of positions spaced with
regard to each other, underpressurg . d on the Bernoulli effect is
produced by fl ow gui dance, controlked3§§fa flow system of a pressure
medi um such as conpressed air, and, as a result of the pressure difference

betmeen_ihe ﬁ@H@%BB@rhﬁfpﬁ%ﬁﬁﬁbérﬁﬂﬂgtWQjHﬂdﬁkahgﬁéyﬁegﬂﬁﬂﬁ%ahﬁgreat t he
respective position on the | I tudi nal edge of the belt, the substrates

Qn
are hel d wit PERTFOrFHHREHY es%iﬂ%l%ﬂ?ecsnespf:gns%%rts%qoébewéﬁeffﬁe Whveyor

belt wth theoTont acdlbar face.at?. THstedmed acoeegong belel abm la
characterised in durin%%£he transportati.on qf tgqasubstrates

of . t he
plurality of PBSTEYOhs ohtt RESISHgi FOGTTa" &dife BT HE T %5213 o Whitch t he
under pr essur echased rem siploe tBeyunoiiddd o £f £eet dosviegole Iprladuced]lcanty a

certain number,of ; - RPBY LLOPEN W@££€s£8r£9§igﬁrﬁgtﬁQQanofr DSPOLy are
consecutively Lover ed at —any ?i re y a substrat during the transporting
of the substra@hasacheeisedniiolhedl by conpressed air supply to produce the

under pressur e; Pgggd a@n tdestBespoullr tafd eelio WoRIERVIiGENI NAdde of
transportation of the substrate, on coverjng of theéggsltlon on the
| ongi t udi nal BAGePELT tHe BBFt SORVENET rRiTshofY SHFPeHPon B2 #Brwar d

edge of each snbstabtectide nekt tppesidpartirsg,l3 irmutonpliealliyycoatrolled
ngt he supply of; EOORLESSE, 8" @Nd, on Lhe ppsi tion g fongitydinal edge
underpressure based on the Bernoulli effect is
produced by flow guidance, controlled by a flow system,
of a pressure medium such as compressed air, and, as a
result of the pressure difference bketween the
atmospheric pressure and the underpressure generated
at the respective positicon on the longitudinal edge of
the belt, the substrates are held with wuniform
pressure on the transport surface of the conveyor belt

with the contact surface.

2. The method according to c¢laim 1 characterised in
during the transportation of the substrates, of the
plurality of positions on the longitudinal edge of the
belt on which the underpressure based on the Bernoulli
effect is to be produced, only a certain number of
positions, which in the direction of transport are
consecutively covered at any time by a substrate
during the transporting of the substrates, are
controlled by compressed air supply to produce the
underpressure based on the Bernoulli effect, whereby
during the transportation of the substrate, on
covering of the position on the longitudinal edge of
the belt in the transport direction by the forward
edge of each substrate, the next position 1is



uncovered by the rear edge of the substrate in question during its
transportation, the conpressed air supply is switched off. 3. The nethod
in accordance with any one of clains 1 and 2, in which the substrates are
transported on a conveyor belt with Bcircul ating continuous belt,
characterised in that both along the |ongitudi nal edge of the upper contact

surface of the nt.i.AUQ belt .as I s alang. .t | ongi t udi_nal ge of
t he | ower contaélgtgmgﬁrlfjgggyofccfl}lteml\(l:%en i % o%?ebgﬂg]pﬁlﬁ@i ﬁg icﬁ%ﬁggg’gﬁgsi te
direction, atadar,number oof Plosi picsrid ian sonli Sawdd Uiomleaeho®t hexton the
| ongi t udi nal ungler pr, ur, a on (e Ber Il e6f egt,

br ought througﬁl%ﬁrg\?v%gui %S,{m(ﬁlo%fs tr%grbpr%e gur.éjtfpl LJICih , i%g%gr gguced,_ and t he
substrat es ar @USRELPNe PERIINGridss dd agF PoFE afipelr  dOft FONPIGEEECe 2dd  wel |

as on the | owghuppaRt agt ssuifaeey fet.he continuous belt in the rel evant
direction of transport at the plurality of positions through the
difference in pressure between the atnospheric pressure and the

under pr essur e Threodutagmbatind heccet@vadd posh t en. cde dlie cetimed 1i mnd

accor dance wi t) any ong.of, claim f 1o 3. Ln which the suistatss ae
transported by ‘a conveyor ~ be £ sys}f)emvm?ﬁ tWo~ par 't conveyor Dbelts
moving in thesamyaod kedtti o, thwvsercayrulhe iggpasinta rema ss éctlitons  of t he

two conveyor bgl.ls Qvwsrlay th}p & arranged at distance from one another,
characterised in that tlhroug alternate L)roducti on of the underpressure at

each of the coatdspoifdichgtpsiPnensushnghecdgngitt GdicnalPPedgE B atte bel t
of the lower angdrfcd her wppercGaNMeNAls bedlts hLhe wubstiat a3chgi nthe

transported qn the HANSPAUd SUTLace ol 08 LOWRr LOMEYAL LY vnd
continuous belt moving in the opposite direction, at a
number of positions at a distance from each other on
the longitudinal edges an underpressure, based on the
Bernoulli effect, brought through flow guidance of the
pressure fluid, 1is produced, and the substrates are
held evenly pressed on the upper contact surface as
well as on the lower contact surface of the continuocus
belt in the relevant direction of transport at the
plurality of positions through the difference 1in
pressure between the atmospheric pressure and the

underpressure produced at the relevant position.

4. The method in accordance with any one of claims 1 to 3
in which the substrates are transported by a conveyor
belt system with two parallel conveyor belts moving in
the same direction, whereby the opposite end sections
of the two conveyor belts overlap and are arranged at
distance from one another,
characterised in that
through alternate production of the underpressure at
each of the corresponding positions on  the
longitudinal edge of the belt of the lower and of the
upper conveyor belt, the substrates being transported

on the transport surface of the lower conveyor belt



are transferred to the opposite transport surface of the upper conveyor
belt, placed thereon and held in place by suction. 5. The nethod in
accordance with any one of clainms 1 to 4 characterised in that al ong both
| ongi tudi nal edge of the belt of thédcenveyor belt running in the

direction of transport, an underpressure based on the Bernoulli effect is
produced at positjons iorregpgi qg to each, other. 6. The hod gn
accordance w ¥h*any2BRéecof© t8p303&58r§EP§P39&§|§F§

di st ance bet welen uppermrnﬂveymrabeMb;c@meadukm¢memmuaedba&ﬂdionnthe

Bernoul I'i eff i r on each | ongitudinal edge of the belt is the
sane. 7. The ﬁ%%%é nggggggﬁance with any one of clains 1 to 6
characterised in that the underpressure, based on the Bernoulli effect,

producedsat epgh ﬂétm@ Pﬁ’%&b@?éa%e Fach 599%5@%9%199% pfrihg belt is
of equal nmagnitude. 8, The nethod in accordance with any one of clains 1

to 7 charact%??%%@ﬁ?ﬁlﬁﬁ%t1Ph§h§ﬁpﬁﬁfﬂﬁ RGtpreeduiial (et aPéd by
nmeans of the fhewsystem ther cphoedystngel t heundegpiessneedbasedion the

B |1 ffect tak I t trolled
of the. pl ur ablt 5 BF SRBEFt | s "DRE ONGHe HATH Vghor P TBRGH bl hal

edges of the béf¢cbf ishercanveyoratbeldsitdons comeynporbdlig systeathl) with
at | east one ggﬁ yeyor belt (2) for transporting flat transport goods, nore
particularly su fates (3) such as silicon wafers and solar cells and

with a suction device (4), with which the substrates (3) are held by neans

of suctign onrgRe &é@ﬁ§80£5 §HEB§8§n&é)w9£htEﬁyabnbe§§t09Q§m§0PV€M05 15
belt (2) at Ieast cgc i cal during transportation,
charac erlsed 1n that the distance between the
positions at which an underpressure based on the
Bernoulli effect is produced on each longitudinal edge

of the belt is the same.

7. The method in accordance with any one of claims 1 to 6
characterised in that the underpressure, based on the
Bernculli effect, produced at each of the positions on
each ‘longitudinal edge of the belt is of equal
magnitude.

8. The method in accordance with any one of claims 1 to 7
characterised in that the supply of compressed air,
regulated by means of the flow system, for producing
the underpressure based on the Bernoculli effect takes
place in a computer-controlled manner on every one of
the plurality of positions on the longitudinal edge or
longitudinal edges of the belt of the conveyor belt.

9. A conveyor belt system (1) with at least one conveyor
“belt (2) for transperting flat transport goods, more
particularly substrates (3) such as silicon wafers and
golar cells and with a suction device (4}, with which

. the substrates (3) are held by means of suction on a

transport surface (5) of the at least .one cConveyor



characterised in that arranged in correspondi ng positions along each of
the two |ongitudinal edges (7) of the belt (8) of the conveyor belt (2)
running in the direction of transport (6) is at |east one outfl ow opening
(9) of at |east one chamber (10) of ldevice (4) generating a Bernoul i
suction effect, a pressure fluid (11) such as conpressed air is supplied

to the chambep, (10) \ia,at least gne: L0l QW REUNG (120 kN5 on

cross-section o arger e’ cross e out fl ow
openi ng (9) oéhah@Cthanb@d {noy¥hatnd the substrates (3) are held with

uni form pressure QPréﬂgf&r§H588££e§H6$§E§?(5%59£16H§ SPONgYQhchebE (2) by

means of the pressure difference between he at nospheric pressure and the
under pressure caulled Ete B@@ﬁbﬁpﬁ%néiféﬁgegehéfa?ﬁdtB9 ekt B2t ndbl 1

suction device (4)t@é0@snﬁ@§orlgagttwgynahnﬁﬂﬂ@slﬁ7ih@fdih@cbgbﬁ £8) of the

conveyor belt (2 10. The. copyv stemin cordance mn claim9
charagterlsed fn)tﬁﬁanﬂgrEe?Hbu Pia E i??ﬁ 889|88t?£?w ﬂ%%nén%lugbllt; (a)

of chanbers (10) aofi aatunbesst b)onof didrfdeow qn&ningf dhivéhear ¢41 he sane
inrelation to ea h I ?%ﬁgdlngergggfl% %u8£ 5 e??é& (8) of the conveyor

belt (2), whereby W OpEeni Ngs are arranged at equal spacing
from each ot her |nat@@eS@@mﬁe§ﬁon@1nglbbssucbnaSlKKmEhéﬂtﬁﬂheybw bel t

systemin accordanggpﬁﬁggdchﬁjntgg dﬂgﬁgggeruggd‘hgltggtﬂgy%gngﬁgllty (a)
of chanbers (10) an he nunb ( i of outhOM/openlngs (9) al ong each of

the two |ongitudi haFledgeperindof (e pEhe @@Psstsard I PorfvleyBRiBBI t (2)

correspond and is larger than the cross-section of the outflow
opening (9) of the chamber (10), and
- the substrates (3) are held with uniform pressure
on the transport surface (5) of the conveyor belt
{2) by means of the pressure difference between
the atmospheric pressure and the underpressure
caused the Bernoulli effect generated by the
Bernoulli suction device (4) along the
longitudinal edges (7) of the belt (8) of the
conveyor belt (2).

10. The conveyor belt system in accordance with claim 9
characterised in that the Bernoulli suction device (4)
has a plurality (a) of chambers (10) and a number (b)
of outflow openings, which are the same in relation to
each longitudinal edge (7) of the belt (8) of the
conveyor belt (2), whereby the outflow openings (9)
are arranged at equal spacing from each other in the

corresponding position.

11. The conveyor belt system in accordance with claim 10
characterised in that

- the plurality (a) of chambers (10) and the number

(b) of outflow openings (9) along each of the two

longitudinal edges (7) of the belt ({8) of the

conveyor belt (2} correspond and



- 16 assigned to each chanber (10) are two outflow openings (9) arranged
on the two longitudinal edges (7) of the belt (8) of the conveyor belt

(2) in positions corresponding to each other. 12. The conveyor belt system
in accordance with any one of claimsl® to 11, characterised in that during
the transportation of the substrates (3) of the plurality (a) of chanbers

10) of the Bernoulli .suction devi 4) onl tai n_nun f
Chanbers (10) -t he=6iDH o beriide F87V8SI YHaH « 8 Cnam bnB A 1EM ¢ e

other in the direcbpeniafyst rdbspotatnged (@n aktbag twachongngididianal edge
(7) of the belt (8L40f .th copv r I =-1g o] bstrate
(3) at any tine déggﬁs tﬁ@ pggngé%rsgﬁgioggghgfgu §%r§§é§gig¥,%egﬁe
controll ed by the Bérnoul Possfdonen coaviec® oM@ nowier EBFhdetingg -t he
transportation of the substrates (3), on covering of the next outfl ow
opening (9) in the direction in the transport direction (6) by the
forward ddge (18) CONVENOR SFdst SHSE SFBYN FAE dadiGoe ¢tliton %O F&n&or ti ng
(6), the clh?ma,abiénbo)ﬁl ag@i ared tcglatr*ﬁzic?r:be(lli@dd);/viﬁpeﬂh@g (@)risg the
automatically,k contro ,and.the c er (10 i i s.assi.gned the
outhOM/openiﬁ&aPﬁfoﬁEﬁﬁlﬁﬁbds%réhﬁtﬁ” Pt 7 AP (égggg(%gf 5Puﬁﬁég§ﬁbstrate
(3) in questidm)durfi nghamsersr didportiatilon, Besnswlithedcofibn T®viTiee
conveyor belt st in_a C 1 any.,one: o j o]

characteri sed ﬁ t aj§tﬁe%%%ﬁ%§§b$n@%§$? zéi Eﬁ% %b%ﬁ%%% aé?gg'cﬁéﬁ nuous
belt (8), on thw&flgpperreninget (Jur faeiqis) s wldm genenafher| dher

contact surfacgnelb)1af W chireeviing &t he LRPRSIHE i ol I @65 1 ANLordde
Bernoul li suction effect 1s,produc the_Bernoul | | suction de%{ce (4)
%‘Ft (%é the

d b
al ong t he |or?@qhud%ﬂagiéaaégah)eqeﬁéfetﬁé)co?ﬁi&Eﬂ&usb% ) of

conveyor belt (2), are covered by a substrate (3) at
any time during the transporting of the substrates (3),
are controlled by the Bernoulli suction device (4)
whereby during the transportation of the substrates
(3}, on covering of the next outflow Qpening {9) in
the direction in the transport direction (6) by the
forward edge (13) of each substrate (3) in the
direction of transporting (6), the chamber (10)
assigned to this outflow opening (9) is automatically
controlled, and the chamber (10} to which is assigned
the outflow opening (9) next uncovered by the rear
edge (14) of the substrate (3) in question during its
transportation, is switched off.

13. The conveyor belt system in acccordance with any one of
claims 9 to 12 characterised in that the conveyor belt
{2) has a circulating continuous belt (8), on the
upper contact surface (15) as well as on the lower
contact surface (16) of which, moving in the opposite
direction, the Bernoulli suction effect is produced by
the Bernoulli suction device (4) along the
longitudinal edges (7) of the continuous belt (8) of
the conveyor belt (2), and the upper contact surface

(15 as well as the lower contact surface (16) of the



t he conveyor belt (2), and the upper contact surface (15) as well as the

| ower contact surface (16) of the - 17 continuous belt (8) in their
respective direction of novenent each formthe transport surface (5) of
the conveyor belt (2) on which the-substrates (3) are held wth uniform
pressure due to the difference in pressure between the atnospheric
pressure and the underp ?ﬁgue to .t he Bernoul ect pr.oduc al ong

the | ongitudi T eGYESS( A &8nt§}}ﬁf0%sre%??b(‘é? SF TERE1@BnVdyor bel t
(2) by the Bemmwgiment seedth orﬁom‘mwtde (ﬂian&porﬁhewcmweyow bebt Hystemin

accordance w t&) Qr@&o‘}“%e‘i (CQI aloqls w%lt Iedrﬂes,sed(j n tlléath 4

parallel conveyor -belts (2) same I'rect1on overlap at
t heir opposit evidid sutitiwns (HWGSS.USI)G an@luear goar Fcaﬁge@ilétfeé?e(m@t aride from

each other, V"%ﬁfe%@(;ret he syt aige (31mBBphBeiLEr aﬁﬁ@@éﬁréuréﬁ&e&@ of the
| ower conveyor belt (2) can, through alternatin control

cor r espondi ng BRSPS ngEe( 9§° i @@&DBH%tlHe tbhert ud?]?%ucé‘dbes (7)
of the belts H@&nhpfthbe 1@\/@lrtm1mawpp@ﬁg@@nveypr drel thé2)candinassd gned to

Lranstorrod t $lle. (B amdobte sGPPIEY () Bt ¢ e upber ChBnAIoBE L (2)

and pl aced t herweon candieheilak i (¥ )pl ace.

14. The conveyor belt system in accordance with any one of
claims 9 to 12 characterised in that two parallel
conveyor belts (2) moving in the same direction (6)
overlap at their opposite end sections (17; 18) and
are arranged at a distance from each other, whereby
the substrates (3) on the transport surface (5) of the
lower conveyor belt (2} can, through alternating
control of the corresponding outflow openings (9)
provided on the longitudinal edges (7} of the belts
(8) of the lower and upper conveyor belt (2) and
assigned to the chambers {10) of the relevant
Bernoulli suction device {4), be transferred to the
transport surface (5) of the upper conveyor belt (2)

and placed thereon and held in place.



