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“METHOD FOR CENTERING A PRINT TRACK”
* ok ok sk ok
FIELD OF THE INVENTION

The present invention concerns a method for aligning a print track with respect
to other print tracks, during a sequence of printing steps, for example silk-screen
printing, ink-jet printing, laser printing or others, for example, but not only, for
printing conductive tracks on a wafer, a substrate or thin sheet made of silicon, to
make a photovoltaic cell.

BACKGROUND OF THE INVENTION

Prints are known, in particular serigraph prints, in which in one or more
printing passes determinate print materials are deposited on a substrate, so as to
define corresponding print tracks.

It is also known that this technique is widely applied in processes for making
photovoltaic cells, in which, on a print support, for example a wafer, substrate or
thin sheet of silicon, various print tracks are printed, for example conductor
tracks, the so-called “fingers” and “busbars”, in different printing stations
disposed in sequence one after the other.

The production of the photovoltaic cells, and consequently the relative printing
processes, are subject to very rigid tolerances, and it is therefore necessary to
control the position of the print tracks deposited between one station and the
next.

One known technique for carrying out this type of control of the position of
the print support is to deposit, during the first printing and with the same print
material, at least one marker element, advantageously two or more, each in a
determinate position on the support, however outside the deposition pattern of the
print tracks.

The position of each marker is then verified in the following station, so as to
deposit, with desired alignment and positioning, other print tracks
complementary to those already made.

Although it is valid as far as the controlling is concerned, this known
technique has some disadvantages with regard to the deposit of the marker
element: the need to deposit markers on the support could entail a lengthening of

the production times, and also the functional characteristics of the signal of the
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printed conductor tracks can be at least partly compromised.

In fact the physical depositing of the markers on the print support determines,
although in a limited way, a reduction in the useful surfaces for the photovoltaic
cell, in order to transform solar energy into electric energy.

These disadvantages of the state of the art can be found not only in silk-screen
printing techniques but also in other types of printing, for example laser, ink jet
or others.

Purpose of the present invention is to perfect a method which allows to deposit
a print track in an aligned manner with respect to other print tracks, in a simple,
precise and reliable way that overcomes the disadvantages of the state of the art.

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.

In accordance with the above purpose, a method according to the present
invention is applied to align at least one print track, in which by means of at least
a printing station at least first print tracks and at least second print tracks are
deposited on the support according to a desired orientation relative to each other.

The method according to the present invention provides at least a first step, in
which at least a first print track and at least a marker element are deposited on the
support in correspondence with a portion of the support on which at least a part
of a second print track is able to be deposited.

According to the invention, the method also comprises at least a second step,
in which at least one second print track is deposited on the support, in which said
at least one second print track provides a centering interruption consisting in a
zone of said second track that is free of print material, said zone being conformed
in a manner coordinated with the marker element; the centering interruption is

positioned and centered with respect to the marker element, so as to define the

‘positioning and centering of said at least one second print track with respect to

the at least one first print track.
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With the present invention, it is thus possible to deposit the second print track,
in relation to the first print track, with respect to the marker element and at the
same time, to contain the marker element inside the second print track.

According to a variant, the first and the second step are formed in sequence
with respect to each other.

According to another variant, the first and the second step are effected with an
inverse sequence, that is, the second step is effected upstream of the first step.

In this way, all the free surface of the support is functional and is not subjected
to any interference from the print material outside the print tracks provided.

The solution according to the present invention is particularly advantageous
both in the case where the printing method provides to move the support with
respect to the printing heads, and also in the case where the support is always
maintained in the same position and the printing station is moved.

Another advantage of the solution according to the present invention is that it
supplies at least some data which can, if necessary, be memorized by a control
and command' unit, in order to control and regulate, on the basis of said data, the
subsequent operating steps and/or the subsequent operating cycles.

In particular with the present invention it is possible to obtain precise
information on the position of the first print, of the second print, and therefore
also of the difference between the two.

This information can be used to control the subsequent printing steps and thus
improve the alignment of the prints made.

In one form of embodiment, in which the support is, for example, a silicon
wafer to make photovoltaic cells, and the print track is made, for example, with a
conductive paste, it is known to deposit a plurality of first tracks substantially
parallel to each other, hereafter defined as ”fingers”, which are connected at the
ends at least by the second transverse track, hereafter defined as “busbar”.

In this variant solution, the marker elements are deposited on the support in
the step when the fingers are printed, in correspondence with the portions of
support on which the busbars are then printed. Every busbar provides at least a
centering interruption, in this case a hole, comprised in their width and of a
deliberately larger conformation than the respective marker elements.

By doing this, at the end of the printing process the marker elements are
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comprised in the bulk of the busbars without compromising the reception and
transformation conditions of the solar energy.

According to a variant, at the end of the second step, a third finishing and
collection step is provided which, in correspondence with the common zone
between the marker element and the centering interruption, provides to deposit
on the busbar a connection material able to completely cover at least the marker
clement and the centering interruption, advantageously the whole extension of
the busbar.

In this way, in particular in the condition in which the print material is a
conductive material, the functional breaks in continuity are substantially
eliminated on the second print track, due to the free interstice which is defined
between the centering interruption and the marker element.

According to another variant, on the same portion of the support on which the
second print track is deposited two marker elements are provided. Consequently
the second print track provides two corresponding centering interruptions, which
are reciprocally disposed to match in centering and positioning with the
corresponding marker elements.

In this variant solution, the second track is deliberately orientated with respect
to the first tracks, to guarantee for example a substantially orthogonal condition
between said print tracks.

According to another variant the marker element has a substantially circular
conformation, and consequently the centering interruption has a substantially
circular conformation greater than the diameter of the marker element.

According to another variant the marker element has a substantially polygonal
shape, ellipsoidal or rather representing an alphanumeric symbol, such as a cross
(+), an asterisk (¥), a dash (-) or other. Consequently the corresponding centering
interruption of the busbar has a correlated shape which is uniformly greater.

According to a further variant, the marker element is made by one or more
interruptions of the first print track.

The shape and the size of the marker element can be chosen depending on the
different positioning and centering needs of the second print tracks with respect
to the first print tracks.

According to another variant, at the end of the two printing steps of the two
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prints, a control step can be provided, in which for example by means of a
dimensional reading of the interstice between the centering interruption and the
marker element, the correctness of the centering effected is verified.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other characteristics of the present invention will become apparent
from the following description of some preferential forms of embodiment, given
as a non-restrictive example with reference to the attached drawings wherein:
- Figure 1 is a schematic isometric view of a processing system associated with
one embodiment of the present invention.
- Figure 2 is a schematic plan view of the system depicted in Figure 1.
- Figure 3 shows schematically a first step of a first form of embodiment of the
method according to the present invention;
- Figure 4 shows schematically a second step of the method in Figure 3;
- Figure 5 shows schematically a third step of the method in Figure 3;
- Figure 6 shows schematically a first step of a second form of embodiment of
the method according to the present invention;
- Figure 7 shows schematically a second step of the method in Figure 6;
- Figure 8 shows schematically a third step of the method in Figure 6;
- Figure 9 shows schematically a first variant of the present invention;
- Figure 10 shows schematically a second variant of the method in Figure 6;
- Figure 11 shows schematically a third variant of the present invention;
- Figure 12 shows schematically a fourth variant of the present invention;
- Figure 13 is plan view of a surface of a substrate that has a heavily doped region
and a patterned metal contact structure formed thereon according to one
embodiment of the invention.
- Figure 14a is a close-up side cross-sectional view of a portion of the surface of
the substrate shown in Figure 12 according to one embodiment of the invention;
- Figure 14D is a close-up side cross-sectional view of a portion of the surface of
the substrate shown in Figure 12 according to a further embodiment of the
invention.

To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It

is contemplated that eclements and features of one embodiment may be
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beneficially incorporated in other embodiments without further recitation.
DETAILED DESCRIPTION OF A PREFERENTIAL FORM OF
EMBODIMENT

With reference to the Figures, three steps of a first form of embodiment of the
centering method for a print track according to the present invention are shown.

In this case, the method is applied, to give a non-restrictive example, for the
silk-screen printing of print tracks, for example conductive tracks on a substrate
150, for example a wafer, to make photovoltaic cells, only partly shown in the
drawings.

Figure | is a schematic isometric view of a substrate processing system, or
system 100, according to one embodiment of the present invention. In one
embodiment, the system 100 generally includes two incoming conveyors 111, an
actuator assembly 140, a plurality of processing nests 131, a plurality of
processing heads 102, two outgoing conveyors 112, and a system controller 101.
The incoming conveyors 111 are configured in a parallel processing
configuration so that each can receive unprocessed substrates 150 from an input
device, such as an input conveyor 113, and transfer each unprocessed substrate
150 to a processing nest 131 coupled to the actuator assembly 140. Additionally,
the outgoing conveyors 112 are configured in parallel so that each can receive a
processed substrate 150 from a processing nest 131 and transfer each processed
substrate 150 to a substrate removal device, such as an exit conveyor 114.

In one embodiment, each exit conveyor 114 is adapted to transport processed
substrates 150 through an oven 199 to cure material deposited on the substrate
150 via the processing heads 102.

In one embodiment of the present invention, the system 100 is a screen
printing processing system and the processing heads 102 include screen printing
components, which are configured to screen print a patterned layer of material on
a substrate 150.

In another embodiment, the system 100 is an ink jet printing system and the
processing heads 102 include ink jet printing components, which are configured
to deposit a patterned layer of material on a substrate 150.

Figure 2 is a schematic plan view of the system 100 depicted in Figure 1.

Figures 1 and 2 illustrate the system 100 having two processing nests 131 (in
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positions “1”” and “3”) each positioned to both transfer a processed substrate 150
to the outgoing conveyor 112 and receive an unprocessed substrate 150 from the
incoming conveyor 111. Thus, in the system 100, the substrate motion generally
follows the path “A” shown in Figures 1 and 2. In this configuration, the other
two processing nests 131 (in positions “2” and “4”) are each positioned under a
processing head 102 so that a process (e.g., screen printing, ink jet printing,
material removal) can be performed on the unprocessed substrates 150 situated
on the respective processing nests 131. Such a parallel processing configuration
allows increased processing capacity with a minimized processing system
footprint. Although, the system 100 is depicted having two processing heads 102
and four processing nests 131, the system 100 may comprise additional
processing heads 102 and/or processing nests 131 without departing from the
scope of the present invention.

In one embodiment, the incoming conveyor 111 and outgoing conveyor 112
include at least one belt 116 to support and transport the substrates 150 to a
desired position within the system 100 by use of an actuator (not shown) that is in
communication with the system controller 101. While Figures 1 and 2 generally
illustrate a two belt style substrate transferring system, other types of transferring
mechanisms may be used to perform the same substrate transferring and
positioning functions without varying from the basic scope of the invention,

In one embodiment, the system 100 also includes an inspection system 200,
which is adapted to locate and inspect the substrates 150 before and after
processing has been performed. The inspection system 200 may include one or
more cameras 120 that are positioned to inspect a substrate 150 positioned in the
loading/unloading positions “1” and “3,” as shown in Figures 1 and 2. The
inspection system 200 generally includes at least one camera 120 (e.g., CCD
camera) and other electronic components that are able to locate, inspect, and
communicate the results to the system controller 101. In one embodiment, the
inspection system 200 locates the position of certain features of an incoming
substrate 150 and communicates the inspection results to the system controller
101 for analysis of the orientation and position of the substrate 150 to assist in the
precise positioning of the substrate 150 under a processing head 102 prior to

processing the substrate 150. In one embodiment, the inspection system 200
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inspects the substrates 150 so that damaged or mis-processed substrates can be
removed from the production line. In one embodiment, the processing nests 131
may cach contain a lamp, or other similar optical radiation device, to illuminate
the substrate 150 positioned thereon so that it can be more easily inspected by the
inspection system 200.

The system controller 101 facilitates the control and automation of the overall
system 100 and may include a central processing unit (CPU) (not shown),
memory (not shown), and support circuits (or I/O) (not shown). The CPU may
be one of any form of computer processors that are used in industrial settings for
controlling various chamber processes and hardware (e.g., conveyors, detectors,
motors, fluid delivery hardware, etc.) and monitor the system and chamber
processes (e.g., substrate position, process time, detector signal, etc.). The
memory is connected to the CPU, and may be one or more of a readily available
memory, such as random access memory (RAM), read only memory (ROM),
floppy disk, hard disk, or any other form of digital storage, local or remote.
Software instructions and data can be coded and stored within the memory for
instructing the CPU. The support circuits are also connected to the CPU for
supporting the processor in a conventional manner. The support circuits may
include cache, power supplies, clock circuits, input/output circuitry, subsystems,
and the like. A program (or computer instructions) readable by the system
controller 101 determines which tasks are performable on a substrate. Preferably,
the program is software readable by the system controller 101, which includes
code to generate and store at least substrate positional information, the sequence
of movement of the various controlled components, substrate inspection system
information, and any combination thereof.

In one embodiment, the two processing heads 102 utilized in the system 100
may be conventional screen printing heads available from Applied Materials
Italia Srl which are adapted to deposit material in a desired pattern on the surface
of a substrate 150 disposed on a processing nest 131 in position “2” or “4” during
a screen printing process. In one embodiment, the processing head 102 includes
a plurality of actuators, for example, actuators 105 (e.g., stepper motors or
servomotors) that are in communication with the system controller 101 and are

used to adjust the position and/or angular orientation of a screen printing mask
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(not shown) disposed within the processing head 102 with respect to the substrate
150 being printed. In one embodiment, the screen printing mask is a metal sheet
or plate with a plurality of holes, slots, or other apertures formed therethrough to
define a pattern and placement of screen printed material on a surface of a
substrate 150. In one embodiment, the screen printed material may comprise a
conductive ink or paste, a dielectric ink or paste, a dopant gel, an etch gel, one or
more mask materials, or other conductive or dielectric materials. In general, the
screen printed pattern that is to be deposited on the surface of a substrate 150 is
aligned to the substrate 150 in an automated fashion by orienting the screen
printing mask using the actuators 105 and information received by the system
controller 101 from the inspection system 200. In one embodiment, the
processing heads 102 are adapted to deposit a metal containing or dielectric
containing material on a solar cell substrate having a width between about 125
mm and 156 mm and a length between about 70 mm and 156 mm,

In the particular case, each substrate, or wafer, 150 is suitable to accommodate
a plurality of print tracks on its upper surface according to determinate printing
patterns, in this case a plurality of first tracks 15, called “fingers”, substantially
parallel to each other, and second tracks 16, called “busbars”, substantially
perpendicular and intersecting the first tracks 15, to connect the latter electrically
to each other.

As shown schematically in Figure 3, in a first step of the method according to
the present invention a first printing step is c¢ffected on the substrate, or wafer,
150, depositing the first tracks 15 according to their printing pattern, by using one
of said print heads 102.

In this same step, the method also provides to deposit a marker element 17 on
the substrate, or wafer, 150 with the same print material.

The marker element 17, in this case, has a substantially circular shape and is
positioned in correspondence with a portion of the substrate, or wafer, 150 on
which the second track 16 will be deposited, according to the printing pattern
provided.

The second step of the method according to the invention comprises, as shown
in Figure 4, the deposit of the second track 16 on the substrate, or wafer, 150.

In particular, the second track 16 is provided with a through centering hole 19
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having a correlated shape and greater size with respect to the marker element 17.

In this way, by centering the position of the centering hole 19 with the marker
element 17 on the substrate, or wafer, 150, the position where the second track 16
is deposited is unequivocally defined by using the system controller 101, so as to
precisely respect the printing pattern provided.

In this step a quality control, based on the detection of the measurement of the
free interstice which is defined between the centering hole 19 and the marker
element 17, can also be provided, for example by using the inspection system 200
commanded by the system controller 101.

In fact, by detecting the width of the interstice along the whole of its
circumferential extension, and verifying that the values detected come within the
required tolerances, the print carried out in these two steps of the method is
deemed to be satisfactory.

As shown in Figure 5, at the end of the steps to print, position and center the
two tracks 15 and 16, a finishing step is provided in which, in correspondence
with the zone of the substrate, or wafer, 150 on which the centering hole 19 and
the marker element 17 lie, a connection paste 20 is deposited.

The connection paste 20 not only completely covers the centering hole 19 and
the marker element 17, but also establishes a structural and functional
connection, either on the whole length of the second track 16, or at least in
correspondence with the interstice which otherwise would define a break in
continuity.

In this way, in particular in the case of conductive tracks, the connection paste
20 is made of conductor material, so as to have maximum yield of electric
conduction, and hence maximum yield of the photovoltaic cell consisting of the
substrate, or wafer, 150.

In the form of embodiment shown in Figures 6, 7 and 8, the first step provides
to deposit two marker elements 17 for the same second track 16, so as to
guarantee a desired alignment of the second track 16, in this case substantially
orthogonal with respect to the first tracks 15.

In one embodiment, the alignment could be provided by moving the print head
102 with the actuators 105, according to command signals from the system

controller 101,
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In this case, the two marker elements 17 are deposited simultaneously in the
same printing step, together with the deposit of the first tracks 15.

It also comes within the field of the present invention to provide that a first of
the two marker elements 17 is deposited in a first printing substep in which also
part of the first tracks 15 are deposited, whereas a second of the two marker
elements 17 is deposited in a second printing substep in which the remaining and
subsequent first tracks 15, or layers, are deposited.

According to other variants, not shown in the attached drawings, even more
than two marker elements 17 can be deposited, each in a respective substep of
printing the first tracks 15, or more than one in the same substep of printing the
tracks 15, or even during the step of printing the second track 16.

The second track 16 thus comprises two centering holes 19, each conformed to
be centered with respect to a relative marker element 17. The reciprocal
alignment could be provided, in one embodiment, by using the inspection system
200 under the control of the system controller 101.

The simultaneous centering of the two centering holes 19 with respect to the
two relative marker elements 17 allows to position and center in a desired manner
the second track 16 with respect to the first tracks 15.

This second form of embodiment too, irrespective of the deposit of the marker
clements 17 in a single step or in several substeps, provides a third finishing step,
in which the connection paste 20 is deposited in correspondence with each
centering hole 19 and the relative marker element 17, to define the desired
functional and structural connection.

In the variants shown in Figures 9, 10, 11 and 12, four possible conformations
of the marker element 17 and consequently of the relative centering hole 19 are
shown, purely as an example.

As shown in Figure 9, the marker element 17 has a substantially elliptical
conformation, to define by itself a centering, not only on the two axes of the lying
plane but also with respect to the orientation of its geometric axes of construction
and hence its orientation with respect to the first tracks 15.

In the variant shown in Figure 10, the marker element 17 and the
corresponding centering hole 19 are substantially cross-shaped. In this case too,

the conformation of the marker element 17 and of the centering hole 19 define a
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desired centering position and orientation, according to the orientation of the
arms of the cross.

In the variant shown in Figure 11, the marker element 17 and the centering
hole 19 are quadrangular in shape. In this case too, but with a much more
simplified conformation than in the previous variants, the desired centering
position and orientation are guaranteed simultaneously.

In the further variant shown in Figure 12, the marker element 17 is provided
by an interruption of a line of the first track 15 and the centering hole 19 has, in
this not-limiting case, a circular shape so as to perform the centering function.

Double and multiple print of tracks (fingers and busbars) on a substrate 150 is
particularly advantageous by using embodiments of the present invention.

Embodiments of the invention provide a solar cell formation process that
includes the formation of metal contacts over heavily doped regions 241 that are
formed in a desired pattern 230 on a surface of a substrate.

Embodiments of the invention provide that a dopant paste is printed to
determine the heavily doped regions 241, a Wide metal line defining wide fingers
260 is printed on the heavily doped regions 241, a narrow metal line defining
narrow fingers 260a is printed on the wide metal line (see Figures 14a and 14b),
and then busbars 261 are printed (Figure 13).

Figure 13 is plan view of a surface 251 of a substrate 150 that has a heavily
doped region 241 and a patterned metal contact structure 242 formed thereon,
such as fingers 260 and busbars 261.

Figure 14a is side cross-sectional view created at the cross-section line 13-13
shown in Figure 12, and illustrates a portion of the surface 251 having a wide
metal finger 260 disposed on the heavily doped region 241.

Figure 14b is side cross-sectional of a further embodiment and illustrates a
portion of the surface 251 having a narrow metal finger 260a disposed on the
wide metal finger 260.

The metal contact structures, such as fingers 260, 260a and busbars 261, are
formed on the heavily doped regions 241 so that a high quality electrical
connection can be formed between these two regions. Low-resistance, stable
contacts are critical for the performance of the solar cell. The heavily doped

regions 241 generally comprise a portion of the substrate 150 material that has
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about 0.1 atomic % or less of dopant atoms disposed therein. A patterned type of
heavily doped regions 241 can be formed by conventional lithographic and ion
implantation techniques, or conventional dielectric masking and high temperature
furnace diffusion techniques that are well known in the art.

It is clear, however, that modifications and/or additions of steps may be made
to the method 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 use different
materials, both between the first tracks 15 and the second tracks 16, between the
tracks 15 and 16 and the marker element 17, between the tracks 15, 16, the
marker element 17 and the connection paste 20, according to the different
operating and functional requirements of the substrate, or wafer, 150.

It also comes within the field of the present invention to provide that for each
second track 16 more than two marker elements 17 are provided with relative
centering holes 19.

It is also clear that, although the present invention has been described with
reference to specific examples, a person of skill in the art shall certainly be able
to achieve many other equivalent forms of method for centering a print track,
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. Method for centering a print track on a wafer, a substrate or thin sheet made of
silicon, in which by means of at least a printing station (102) at least a first print
track (15) and at least a second print track (16) are deposited on a print substrate
(150) according to a determinate orientation, characterized in that it comprises at
least:
- a first step, in which at least a first print track (15) and at least a marker element
(17) are deposited on the support (11) in correspondence with a portion of said
substrate (150) on which at least a second print track (16) is able to be deposited,
and
- a second step, in which at least a second print track (16) is deposited on said
substrate (150), and in which at least a second print track (16) provides at least a
centering interruption (19) consisting in a zone of said second track (16) that is
free of print material, said zone being conformed in a manner coordinated with
said marker element (17), which centering interruption (19) is positioned and
centered with respect to said marker element (17) to define the positioning and
centering of said second print track (16) with respect to said first print track (15).
2. Method as in claim 1, characterized in that at the end of the second step a third
finishing and connection step is provided, in which on the second print track (16),
in correspondence with the common zone between the marker element (17) and
the centering interruption (19), a connection material (20) is deposited, able to
completely cover at least said marker element (17) and said centering interruption
(19).
3. Method as in claim 1 or 2, characterized in that the first step provides to
deposit two marker elements (17) on the same portion of substrate (150) on
which the second print track (16) is deposited.
4. Method as in claim 3, characterized in that the second print track (16) provides
two centering interruptions reciprocally disposed so as to match in centering and
positioning with the corresponding two marker elements (17).
5. Method as in any claim hereinbefore, characterized in that the marker element
(17) is made with a substantially circular conformation, and in that the centering
interruption (19) is made in a substantially circular conformation bigger than the

diameter of said marker element (17).

14



10

WO 2011/026880 PCT/EP2010/062841

6. Method as in any claim hereinbefore, characterized in that the marker element
(17) is made with a substantially polygonal shape.

7. Method as in any claim from 1 to 5, characterized in that the marker element
(17) is made with a substantially ellipsoidal shape.

8. Method as in any claim from 1 to 5, characterized in that the marker element
(17) is an interruption of the first print track (15).

9. Method as in any claim hereinbefore, characterized in that at the end of the two
printing steps of the two print tracks (15, 16), a control step is provided in which,
by reading the size of the interstice between the centering interruption (19) and

the marker element (17), the correctness of the centering performed is verified.

15



WO 2011/026880 PCT/EP2010/062841

189S
14

198

13

1/6



PCT/EP2010/062841

WO 2011/026880

s e 28y

Lel LUl
OmrJ 9Ll Omrj\ Om/_‘ gLl Omr\rm:
: 2
1 M RS i E wm.ﬂ.n%ﬁg.a jants)

66l

661

d = )y

EJM NN _ =

2oL~ | . WmE\ | 2ol
ovi

e LT x Srac HEERLERY

em——tt —4 -

omh\ / @/mr J @/m omh

oSl

e
cil ¢ /ooﬁ

2/6



WO 2011/026880 PCT/EP2010/062841

tig.5

fig. 4

15
— 15

e

150
/

fig. 3




WO 2011/026880 PCT/EP2010/062841

150
_!

fig. 6

17




PCT/EP2010/062841

WO 2011/026880

fig. 12

fig. 1

5/6



PCT/EP2010/062841

WO 2011/026880

qyL 614

/¥ )
0oz T

gL by

cve ,
0S¢ ive

092 L2 \ /

vz 77 \\b

‘\;\\\\ 777 \\\W\\L

‘\\\\\ L LLT 77 L

[ 7 E—
ommnbﬁ\: ﬂ

192 192

6/6



INTERNATIONAL SEARCH REPORT

Internationat application No

PCT/EP2010/062841

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO5K3/12 HO1L31/0224
ADD.

According to International Patent Glassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO5K HO1L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 2007/209697 Al (KARAKIDA SHOICHI [JP]
ET AL) 13 September 2007 (2007-09-13)
paragraphs [0032] - [0034], [0038] -
[0051]; figures 4-8

A DE 10 2007 041057 Al (MANZ AUTOMATION AG
[DE]1) 5 March 2009 (2009-03-05)

the whole document

A US 4 376 584 A (HART ROBERT J ET AL)

15 March 1983 (1983~03-15)

the whole document

1-8

[::I Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international wyge
filing date

invention

which is cited to establish the publication date of another wy
citation or other special reason (as specified)

“T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
. cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

document of particular relevancs; the claimed invention
cannot be cansidered to involve aninventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
Ni_ - 2280 HV Rijswijk
Tel. (+31-70) 340~2040,

"0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed '&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
1 December 2010 08/12/2010
Name and mailing address of the 1SA/ Authorized officer

Fax: (+31-70) 340-3016 Keller, Jan

Form PCT/ISA/210 (second sheet) (April 2005)




Information on patent family members

INTERNATIONAL SEARCH REPORT [r*

nternational application No

PCT/EP2010/062841
Patent document Publication Patent family Publication
cited in search report date member(s) date
Us 2007209697 Al 13-09-2007 DE 112004002853 T5 12-04-2007
DE 112004002853 B4 26-08-2010
WO 2005109524 Al 17-11-2005
US 2009285979 Al 19~11-2009
DE 102007041057 Al 05-03-2009 CN 101803034 A 11-08-2010
EP 2193548 A2 09-06-2010
WO 2009030409 A2 12-03-2009
KR 20100054820 A 25-05-2010
US 4376584 A 15-03-1983  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

