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& (12) and in which the plates of electronic circuits (11) fed by the feed belt (12) are grouped together according to quality classes;
and one or more clearing stations (13) disposed in cooperation with the feed belt (12) in order to position the plates of electronic
@ circuits (11) in the respective collection boxes (16). The store (10) comprises at least two rows of collection boxes (16) disposed
& along at least one side of the feed belt (12), and a movement unit (17) associated with the collection boxes (16) to discharge the filled
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“AUTOMATIC STORE AND METHOD FOR STORING PLATES OF
ELECTRONIC CIRCUITS”
¥ % %k %k 3k
FIELD OF THE INVENTION

The presenf invention concerns an automatic store and the relative method for
storing plates of electronic circuits of defined size and small thickness. A typical
but non-exclusive example are the plates of electronic circuits used, in particular
but not exclusively, for making photovoltaic cells or green tape, exiting from a
quality test performed with a specific testing unit. In particular, the store
according to the present invention allows to store the plates separately,
classifying them according to quality classes.

BACKGROUND OF THE INVENTION

Automatic stores are known, disposed downstream of a testing unit and able to
automatically store a determinate type of plate of electronic circuits in specific
collection baskets, separating them according to the relative quality classes.

This type of known stores normally provide a conveyor belt which frénsi;o:l;fé
the plates exiting from the testing unit, and one or more clearing stations
disposed above the conveyor belt and able to position the plates in the respec'tizv'e"
collection baskets according to the specific quality class they belong to. o

The collection baskets are normally disposed in a single row at the two sides
of the conveyor belt and are substantially co-planar with the latter.

The baskets are moved by a movement member, which is disposed
substantially on the same plane as the conveyor belt of the photovoltaic cells.

The movement member is able both to position the empty collection baskets at
the side of the conveyor belt and also to discharge the collection baskets when
they are completely full of plates. .

This known solution provides that both the positioning of the baskets and their
discharge is effected at the side of and on the same plane as the conveyor belt. .

Therefore, with the known solution it is necessary to have periodic operating
interruptions of the conveyor belt and of the clearing stations, to wait for one or
more full baskets are completely discharged before being able to position, in the

same collection positions with respect to the conveyor belt, corresponding empty
baskets to be filled.



10

15

20

25

30

WO 2009/053783 PCT/IB2008/000499

-2

Purpose of the present invention is to achieve an automatic store for a testing
unit for plates of electronic circuits which allows a substantially continuous
functioning of the conveyor belt and the clearing stations for the plates, even at
the same time as one or more collection baskets are replaced.

The Applicant has devised, tested and embodied the present invention to
overcome the shortcomings of the state of the art and to obtain these and other
purposes and advantages.

SUMMARY OF THE INVENTION
The present invention is set forth and characterized in the independent claims,

while the dependent claims describe other characteristics of the invention or

variants to the main inventive idea.

An automatic store for storing plates of electronic circuits, in particular but hot
exclusively photovoltaic cells, green tape or other, according to the pr'eée'n_t
invention comprises: o
- feed means able to feed the plates exiting from the testing unit along a first

plane; . o
- collection means able to be positioned along at least one side of the feed

means and in which the plates moved by the feed means are grouped together

according to quality classes; and
- one or more clearing stations disposed in cooperation with the feed means and
able to position the plates in the respective collection means. ‘

In accordance with the above purpose, the automatic store comprises at least
two rows of collection means disposed along at least one side of the feed means,
so that when a collection means of the first row is full, it is discharged by relative
movement means, and the clearing stations continue to position the plates in a
corresponding collection means of the second row. ,

With the present invention, we therefore have the possibility of positioning the
plates in the collection means substantially continuously, without needing to wait
for the full collection means to be completely discharged in order to position the
photovoltaic cells on a new one.

In this way, the positioning of the plates and the discharge of the completely
full collection means are substantially optimized, thus increasing productivity.

Advantageously, the movement means is disposed on a second plane, different



10

15

20

25

30

WO 2009/053783 PCT/IB2008/000499

-3-

from and not co-planar with the first plane, and is able to move the collection
means on said second plane, to position them in a desired manner with respect to
the feed means, or to discharge them from the store.

With this solution we therefore have the photovoltaic cells that are fed on a
first plane, whereas the collection means are moved on a second plane, different
from the first.

The disposition on different planes of the feed means with respect to the
movement means is such as to allow the free movement of the collection means
without interfering either with the other collection means in the loading
condition, or with the clearing stations, or with the feed means.

According to a variant, the movement means comprises a plurality of
transverse belts, each disposed on the second plane transverse to and below the
rows of collection means disposed at the side of the feed means. o

According to another variant, the movement means comprises one or more
positioning members able to move the collection means between the second
plane and the first plane. Advantageously, the positioning members are
conformed in such a manner that, when they support relative collection means
keeping it in correspondence with the first plane, they allow to move other
collection means along the second plane, also below the collection means kept on
the first plane.

In this way, while some of the collection means are on the first plane in a
lateral position with respect to the feed means in order to receive the specific
plates, other collection means can be simultaneously moved on the second plane
to effect discharges or new positionings, without needing to operationally
interrupt the feed means.

Furthermore, the movement means, lying on the second plane, can include
segments that pass physically above or below the feed means, so that the
positioning of the collection means can take place on one side, while their
discharge can take place on the opposite side with respect to the feed means.

This solution allows to optimize the movement of the collection means with
respect to the clearing of the plates, and possibly limit the overall bulk of the
store.

BRIEF DESCRIPTION OF THE DRAWINGS
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These and other characteristics of the present invention will become apparent
from the following description of a preferential form of embodiment, given as a
non-restrictive example with reference to the attached drawings wherein:

- fig. 1 is a lateral view of an automatic store for storing plates of electronic
circuits according to the present invention;

- fig. 2 is a view from above of the automatic store in fig. 1;

- fig. 3 shows a variant of fig. 2;

- fig. 4 shows an enlarged detail of the automatic store in fig. 1;

- fig. 5 is a three-dimensional view of the enlarged detail in fig. 4;

- fig. 6 shows a variant of the automatic store in fig. 1.
DETAILED DESCRIPTION OF A PREFERENTIAL FORM OF

EMBODIMENT

With reference to the embodiment shown in figs. 1 and 2, an automatic store
10 is schematically shown, for storing plates of electronic circuits 11, for
example photovoltaic cells, silicon-based wafers, green tape or others.

The store 10 comprises at least a feed belt 12 defining a feed plane F, and on
which are positioned the plates 11 exiting from a testing unit or station, of a
substantially known type and not shown in the drawings, to feed them into the
automatic store 10. The testing unit or station is disposed upstream and in line
with the automatic store 10.

In particular, the testing station verifies the production quality of the
individual plates 11, associating with each of them a relative quality class,
according to which they will be specifically stored afterwards.

The automatic store 10 comprises a plurality of collection boxes 16 disposed
in two parallel rows and provided at the two sides of the feed belt 12.

The collection boxes 16 are normally disposed in a first loading position
where they lie substantially on the feed plane F.

According to a variant, the collection boxes 16 disposed in their first loading
position lie on a relative loading plane C substantially co-planar and below the
feed plane F.

In each of the collection boxes 16 specific plates 11 are able to be loaded,
according to their relative quality class.

Each row comprises a determinate number of collection boxes 16 chosen
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according to the number of quality classes provided.

In this way, when a collection box 16 disposed in the first row is completely
filled, the plates 11 of the same quality class are loaded onto the corresponding
collection box 16 of the second row, substantially with no break in continuity.

The store 10 is also provided with two feed turrets 14 for the collection boxes
16, in which the collection boxes 16 are stacked and are progressively released to
replace those completely filled by the plates 11.

According to a variant, the feed turrets 14 are not provided, and the collection
boxes 16 are fed and discharged in line with previous and subsequent work
stations, without being stacked.

The automatic store 10 also comprises one or more clearing stations 13, in this
case two, disposed above the feed belt 12, and provided with a suction cup
manipulator 15 which picks up the plates 11 from the feed belt 12 and positions
them in the relative collection boxes 16, in both the first and second row.

Each clearing station 13 in this case is of the robotized type, for example of
the type described in the European patent application EP-A-1768174 in the name
of the present Applicant.

Advantageously, each clearing station 13 is functionally connected to the
testing station in order to be able to recognize the specific quality class of the
individual plates 11.

A movement unit 17 for the collection boxes 16 is also part of the automatic
store 10" according to the invention; it is disposed on a movement plane M
substantially parallel and in this case below the feed plane F on which the feed
belt 12 lies.

In the solution where the collection boxes 16 liec on the loading plane C, the
movement plane M is below both the feed plane F and also below the loading
plane C.

The movement unit 17 comprises a plurality of transverse belts 19, each
disposed on the movement plane M transversely to and below the rows of
collection boxes 16 disposed in their first loading position, at the side of the feed
belt 12.

The transverse belts 19 allow to transport the new collection boxes 16 or the

full collection boxes 16, on the movement plane M, and hence below the



10

15

20

25

30

WO 2009/053783 PCT/IB2008/000499

-6-

collection boxes 16 which are on the feed plane F, or on the loading plane C.

In correspondence with each of the collection boxes 16 that are on the feed
plane F or loading plane C, the movement unit 17 comprises a positioning
member 20.

Each positioning member 20 allows to move each collection box 16 vertically,
in order to position it between the first loading position, in which it lies
substantially on the feed plane F, or loading plane C, and is suitable to be filled
with the plates 11, and a second transport position, lowered, in which it lies
substantially on the movement plane M and is transported by the transverse belts
19, "

In particular, each positioning member 20 comprises four liftable arms 21
disposed in pairs at the side of the relative transverse belt 19.

The four liftable arms 21 are connected at the lower part by a lifting plate 22,
which is disposed in any case under the transverse belt 19 and is in turn moved
by a linear actuator 23.

The movement of the liftable arms is shown schematically in lines of dashes in
figs. 4 and 5.

Each liftable arm 21 comprises a lifting bracket 25 able to cooperate with the
bottom of a relative collection box 16 so as to function as a support for the
collection box 16 during the movement between the two positions of loading and
transport.

The disposition of the four liftable arms 21 at the side of the transverse belt 19
is wide enough to allow the free movement of a collection box 16, new or filled,
along the transverse belt 19 without interfering with the liftable arms 21 and/or
with the possible collection boxes 16 kept in their first loading position.

In particular, in the second transport position of the collection boxes 16, the
lifting brackets 25 are slightly below the movement plane M so as not to interfere
with the movement of the collection boxes 16.

The movement unit 17 also comprises two transport sliders 26 lying on the
movement plane M, mobile substantially parallel to the feed belt 12, and
disposed on opposite sides at the ends of the transverse belts 19.

In this way, the collgction boxes 16 transported by the transverse belts 19 are

unloaded onto, or arrive from, the transport sliders 26.
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Each transport slider 26 has at least one end which cooperates with the exit of
a relative feed turret 14.

In this way, when a new collection box 16 is fed from the feed turret 14, or

from the line, the collection box 16 is disposed on the relative transport slider 26.

In this solution, each transport slider 26 comprises relative belts 27 that
translate the collection boxes 16 transported by the transport slider 26 towards
the relative transverse belt 19, to replace the full collection boxes 16.

With reference to the variant in fig. 2, the movement unit 17 also comprises
two transport belts 126 lying on the movement plane M, facing substantially
parallel to the feed belt 12, and able to connect the ends of the transverse belts 19
from opposite sides.

In this way, the collection boxes 16 transported by the transverse belts 19 are
unloaded onto, or arrive from, the transport belts 126.

Each transport belt 126 has at least one end that cooperates with the exit of a
relative feed turret 14.

In this way, when a new collection box 16 is fed from the feed turret 14, or
from the line, the collection box 16 is disposed on the relative transport belt 126.

In this solution, outside the transport belts 126, the movement unit 17
comprises a plurality of thrusters 127 which thrust the new collection boxes 16
transiting on the transport belts 126 towards the relative transverse belt 19, to
replace the full collection boxes 16.

The automatic store 10 according to the present invention functions as follows.

Firstly, all the empty collection boxes 16 are kept by the relative positioning
members 20 in their first loading position, so as to define the two rows at the two
sides of the feed belt 12.

The plates 11 fed by the feed belt 12 are progressively picked up by the
clearing stations 13 and disposed in the relative collection boxes 16 of the first
row, according to the specific quality class. | |

Once a collection box 16 of the first row has been filled, the plates of the same
quality class are loaded onto the relative collection box 16 of the second row.

Simultaneously, the positioning member 20 relating to the full collection box

16 moves the latter vertically so as to take it to its second transport position.

At this point, the relative transverse belt 19 transports the full collection box
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16 under the other collection boxes 16, until it reaches one of the two transport
sliders 26.

During these movements and transport, the clearing stations 13 continue to
pick up the plates 11 fed by the feed belt 12 so as to load them into the relative
collection boxes 16 of the first or second row.

The vertical movement and the activation of the transverse belt 19 command a
new collection box 16 to be released by one of the two feed turrets 14.

Then the transport sliders 26 are activated, on the one side, to discharge the
full collection box 16 and, on the other side, to transport the new collection box
16 into correspondence with the relative transverse belt 19.

In this condition, the belts 27 of the slider 26 translate the new collection box
16 onto the relative transverse belt 19, which moves it under the other collection
boxes 16 in the loading position until it reaches the relative positioning member
20.

At this point, the positioning member 20 lifts the new collection box 16 to take
it from its second transport position to its first loading position.

It is clear, however, that modifications and/or additions of parts may be made
to the automatic store 10 as described heretofore, without departing from the field
and scope of the present invention.

For example, it comes within the field of the present invention to provide that,
as shown in fig. 6, the movement unit 17 is not provided with the positioning
member 20.

In this alternative solution, the collection boxes 16 are always disposed on two
rows per side with respect to the feed belt 12, and are kept constantly on the
loading plane C under the feed plane F, and moved on the movement plane M,
once filled.

To prevent interference between the collection boxes 16, the movement of the
collection boxes 16 of the first row can be carried out under the feed belt 12,
while the collection boxes 16 of the second row can be moved on the opposite
side towards the transport belts 26.

According to some variants the feed belts 12, transverse belts 19 and/or
transport belts can be selectively moved continuously, step-wise, or at constant or

variable speed, according to specific operating requirements.
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According to another variant, the plates 11 are transported, picked up and
replaced in pairs.

It also comes within the field of the present invention to provide a second
movement plane and/or a second feed plane.

It is also clear that, although the present invention has been described with
reference to some specific examples, a person of skill in the art shall certainly be
able to achieve many other equivalent forms of automatic store and storage
method for plates of electronic circuits, having the characteristics as set forth in

the claims and hence all coming within the field of protection defined thereby.
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CLAIMS
1. Automatic store for storing plates of electronic circuits (11) comprising:
- feed means (12) able to feed said plates of electronic circuits (11) along a first
plane (F);
- collection means (16) able to be positioned along at least one side of said feed
means (12) and in which said plates of electronic circuits (11) fed by said feed
means (12) are grouped together according to quality classes; and
- one or more clearing stations (13) disposed in cooperation with said feed means
(12) and able to position said plates of electronic circuits (11) in respective
collection means (16),
characterized in that it comprises at least two rows of collection means (16)
disposed along at least one side of said feed means (12), and movement means
(17) associated with said collection means (16) and able to discharge said filled
collection means (16) and to position new collection means (16) to be filled.
2. Store as in claim 1, characterized in that said movement means (17) is
disposed on a second plane ('M), different from and not co-planar with said first
plane (F), and is able to move said collection means (16) on said second plane
(M), in order to position it in a desired manner with respect to said feed means
(12), or to discharge it from said store (10). |
3. Store as in claim 2, characterized in that said movement means (17) comprises
a plurality of transverse belts (19), each disposed on said second plane (M)
transversely and below said rows of collection means (16).
4. Store as in claim 2 or 3, characterized in that said movement means (17)
comprises one or more positioning members (20) able to move said collection
means (16) between said first plane (F) and said second plane (M).
5. Store as in claim 4, characterized in that said positioning members (20)
comprise one or more liftable arms (21) provided laterally to said transverse belt
(19) and able to actuate the movement of said collection means (16) between said
first plane (F) and said second plane (M).
6. Store as in claim 5, characterized in that each liftable arm (21) comprises a
lifting bracket (25) able to cooperate with the bottom of said collection means
(16) so as to function as a support during the movement between said first plane
(F) and said second plane (M).
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7. Store as in claim 5 or 6, characterized in that said liftable arms (21) are in a
widened position with respect to said transverse belt (19), so as to allow the free
movement of said collection means (16) along said second plane (M).

8. Store as in any claim from 3 to 7, characterized in that said movement means
(17) comprises at least a transport member (26, 126) lying on said second plane
(M), and able to connect the ends of said transverse belts (19) with each other.

9. Store as in any claim hereinbefore, characterized in that it comprises at least a
feed turret (14) in which a plurality of said empty collection means is stacked, to
be fed progressively.

10. Store as in claims & and 9, characterized in that said transport member (26,
126) cooperates with the exit of said feed turret (14).

11. Store as in any claim from 8 to 10, characterized in that said movement
means (17) comprises a plurality of translation members (27, 127) disposed in
cooperation with said transport member (26, 126), and able to translate the
collection means (16) from said transport member (26, 126) towards the relative
transverse belt (19).

12. Store as in any claim from 8 to 11, characterized in that said transport
member comprises at least a transport slider (26) mobile transversely to said
transverse belts (19).

13. Store as in any claim from & to 11, characterized in that said transport
member éomprises at least a transport belt (126) disposed transversely to said
transverse belts (19).

14. Store as in any claim hereinbefore, characterized in that said collection means
(16) is disposed on a third plane (C) comprised between said first plane (F) and
said second plane (M).

15. Plant comprising at least an automatic store for storing plates of electronic
circuits (11), characterized in that said automatic store (10) is operationally
connected in line with at least an operating station disposed upstream, and from
which said plates of electronic circuits (11) arrive.

16. Plant as in claim 15, wherein said automatic store comprises feed means (12)
able to feed said plates of electronic circuits (11) along a first plane (F);
collection means (16) able to be positioned along at least one side of said feed

means (12) and in which said plates of electronic circuits (11) fed by said feed
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means (12) are grouped together according to quality classes; and one or more
clearing stations (13) disposed in cooperation with said feed means (12) and able
to position said plates of electronic circuits (11) in respective collection means
(16), characterized in that said automatic store (10) comprises at least two rows
of collection means (16) disposed along at least one side of said feed means (12),
and movement means (17) associated with said collection means (16) and able to
discharge said filled collection means (16) and to position new collection means
(16) to be filled.

17. Method for storing plates of electronic circuits (11), comprising at least:

- a first feed step, in which by means of feed means (12) said plates of electronic
circuits (11) are fed along a first plane (F); and

- a second clearing step, in which by means of one or more clearing stations (13),
disposed in cooperation with said feed means (12), said plates of electronic
circuits (11) are loaded into respective collection means (16), grouped together
according to quality classes,

characterized in that in said second step said collection means (16) is disposed on
at least two rows along at least one side of said feed means (12), and in that it
comprises at least a third movement step, in which, by means of movement
means (17), said filled collection means (16) is discharged and a new collection
means (16) to be filled is positioned.

18. Method as in claim 17, characterized in that in said third step said movement
means (17) is disposed on a second plane (M) different from and not co-planar
with said first plane (F), and moves said collection means (16) on said second
plane (M), in order to position it in a desired manner with respect to said feed
means (12), or to discharge it from said store (10).

19. Method as in claim 18, characterized in that said third step comprises at least
a positioning sub-step, in which by means of one or more positioning members
(20), said collection means (16) is moved between said first plane (F) and said
second plane (M).

20. Method as in claim 17, characterized in that in said third step said movement
means (17) is disposed on a second plane (M) different from and not co-planar
with said first plane (F) and maintains said collection means (16) on a third plane

(C) comprised between said first plane (F) and said second plane (M).
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