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METHOD OF PRINTING IN A MULTIPASS MODE AND A PRINTING
APPARATUS FOR IMPLEMENTING SUCH A METHOD

BACKGROUND

Inkjet printers, thermal inkjet printers in particular, have come into widespread use
in business and homes because of their low cost, high print quality, and colour printing
capability.

In operation, drops of coloured ink are emitted onto the print medium such as
paper or transparency film during a printing operation, in response to commands
electronically transmitted to the printhead. These drops of ink combine on the print
media to form the text and images perceived by the human eye.

Inkjet printers may use a number of different ink colours. One or more printheads
may be contained in a print cartridge, which may either contain the supply of ink for
each printhead or be connected to an ink supply located off-cartridge. An inkjet printer
usually can accommodate multiple cartridges. The cartridges typically are mounted
side by side in a movable carriage which scans the cartridges back and forth within the
printer in a forward and reward direction above the medium during printing such that
the cartridges move sequentially over given locations, called pixels, arranged in a row
and column format on the medium which is to be printed.

Each printhead has an arrangement of nozzles through which the ink is controllably
ejected onto the print medium, and thus a certain width of the medium corresponding
to the layout of the nozzles on the printhead can be printed during each scan, forming
a printed swath.

The printer also has a print medium advance mechanism which moves the media
relative to the printheads in a direction generally perpendicular to the movement of the
carriage so that, by combining scans of the print cartridges back and forth the across
the medium with the advance of the media relative to the printheads, ink can be
deposited on the entire printable area of the media.

Most printers do not print all the required drops of all ink colours in all pixel
locations in the swath in one single scan, or “pass”, of the printheads across the
medium. Rather, multiple scans are used to deposit the full amount of ink on the

medium, with the medium being advanced after each pass by only a portion of the
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height of the printed swath. In this way, areas of the medium can be printed in more
than one pass. In a printer which uses a "multipass” print mode, only a fraction of the
total drops of ink needed to completely print each section of the image is laid down in
each row of the printed medium by any single pass; areas left unprinted are filled in by
one or more subsequent passes.

However, the known multipass print modes are not always satisfactory. It is in
particular desirable to improve the printhead reliability in multipass print modes.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an arrangement of printed layers obtained by carrying out a sandwich
print mode according to a particular embodiment of the present disclosure.

Figure 2 shows a particular configuration of nozzle usage in printheads according to a
known sandwich print mode.

Figure 3 is a block diagram showing in a schematic manner the arrangement of an
inkjet printer according to a particular embodiment of the present disclosure.

Figure 4 is a perspective view depicting an inkjet printer according to a particular
embodiment of the present disclosure.

Figure 5 shows in a schematic manner a first configuration of nozzle usage in first and
second printheads according a first embodiment of the present disclosure.

Figures 6 and 7 show in a schematic manner a method of printing in a multipass print
mode according to the first embodiment of the present disclosure.

Figure 8 shows a print medium including a first area and a second area on which
printing operations are to be performed.

Figure 9 is a flowchart showing steps of a method of printing according to the first
embodiment of the present disclosure.

Figure 10 shows in a schematic manner a second configuration of nozzle usage in first
and second printheads according a second embodiment of the present disclosure.
Figures 11 and 12 show in a schematic manner a method of printing in a multipass
print mode according to the second embodiment of the present disclosure.

Figure 13 is a flowchart showing steps of a method of printing according to the second
embodiment of the present disclosure.

Figure 14 shows in a schematic manner a method of printing according to a variant of
the second embodiment of the present disclosure.
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DETAILED DESCRIPTION

While the present disclosure is susceptible of embodiment in many different forms,
there are shown in the drawing and will be described herein in detail specific
embodiments thereto with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the disclosure and is not intended
to limit the disclosure to the specific embodiments illustrated.

Numerous details are set forth to provide an understanding of the embodiments
described herein. The exemplary embodiments may be practiced without these details.
In other instances, well-known methods, procedures, and components have not been
described in detail to avoid obscuring the embodiments described.

For simplicity and clarity of illustration, reference numerals may be repeated
among the figures to indicate corresponding or analogous elements.

Figure 1 shows a cross-section of an arrangement 100 of printed layers produced
according to a particular multipass print mode named hereafter “multichannel” print
mode or “sandwich” print mode. In this example, a first image 104, a coating layer 110
and a second image 106 are successively printed over a particular area of a print
medium (or substrate) 102. Both the coating layer 110 and the medium 102 are light-
diffuse or translucent. The coating layer 110 can be for instance a white (or
substantially white) or partially opaque layer.

First image 104 and second image 106 are typically the same image, although it is
not mandatory. During daylight hours, or whenever there is sufficient ambient light
111, an observer 108 may view the second image 106 on the front side of the medium
102. In contrast, at night, or when there is insufficient ambient light, a backlight may
shine light 112 through the light-diffuse medium 102, the first image 104, the coating
layer 110 and the second image 106. If the first and second images 104, 106 are the
same image, observer 108 sees a single, composite image.

Because both the first image 102 and the second image 106 are formed during the
same printing operation, using the same printheads, the two images may be precisely
aligned to one another on the print medium, thus eliminating any problem of fuzzy and
distorted images.

A known multipass print mode which may be used to produce an arrangement of
printed layers such as shown in figure 1 will now be briefly described in reference with
figure 2. As schematically shown in the example of figure 2, a sandwich print mode is
carried out using a printhead 114 and printheads 116a-116d (named collectively 116),
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all these printheads being aligned along a single printhead axis (direction A) that is
substantially parallel to the direction of motion of the carriage of the inkjet printer.
Each of the printheads 114 and 116 includes a column of nozzles (respectively 115 and
117a-117d (collectively referenced to as 117)) running along the length of the
printhead. In this example, printhead 114 is configured to deposit white ink and
printheads 116-116d are configured to deposit basic colours (such as magenta, cyan,
yellow and black). Each printhead includes twenty-four nozzles.

As the carriage scans across the print medium along the direction of arrow A, ink is
ejected simultaneously from the nozzles of the non-hatched regions of coloured
printheads 116 and white printhead 114, but no ink is ejected from the hatched regions
of these printheads. In particular, both the leading third portion and the trailing third
portion of the nozzles 117 of the colour ink printheads 116 are used for printing colour
images 104 and 106. In contrast, only the middle portion of the nozzles 115 of the
white ink printhead 114 is used to apply white ink so as to form the coating layer 110.

Reference is made to document US 2006/0158473 which describes a particular
example of a sandwich print mode. As can be understood from this document, it is
required that the leading third of nozzles of the colour ink printheads are dedicated to
printing the first image 104, the trailing third of nozzles of the colour ink printheads are
dedicated to printing the second image 106, and the middle third of nozzles of the
white printheads are dedicated to printing the white ink between the first image 104
and the second image 106.

However, the above sandwich print mode is not satisfactory for various reasons.
In particular, the above conventional sandwich print mode limits the nozzles that are
utilised to print ink in layers. A substantial part of the nozzles of each printhead remain
inactive over the entire printing operation. The upshot of this unbalanced nozzle usage
distribution across the printheads is that the printhead reliability is not optimal.
Limiting the usage to only a small part of the nozzles in each printhead gives rise to an
increased risk of failure of the active nozzles and thus a limited life span of the
printheads. There is also a risk of reliability failure of unused nozzles due to
evaporation of volatile components of the ink. Unused nozzles often get clogged due
to a build-up of ink viscosity near the nozzle orifice.

The present disclosure intends among others things to address the above problems
and drawbacks. The present disclosure intends in particular to provide a multipass
print mode for producing a “sandwich” layer arrangement such as shown in figure 1
with optimal image quality and printhead reliability.
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The present disclosure provides a method for printing in a multipass print mode
using a first printhead and a second printhead, wherein nozzle usage is more efficiently
distributed across each printhead. The method of the disclosure allows printing
arrangements of printed layers, for instance of the type shown in figure 1. Regarding
the examples of method of printing described below, not all of the steps are required in
all of the embodiments.

The disclosure also provides a printing apparatus, particularly an inkjet printer, for
carrying out a multipass print mode as mentioned above.

An inkjet printer 30 according to a particular example is now described with
reference to figures 3 and 4.

As shown in the block diagram of figure 3, the inkjet printer 30 includes a
controller CT (e.g. a microprocessor) that can communicate with an external terminal
36 by means of an interface unit 34, if such a terminal 36 is coupled with the printer
30.

The interface unit 34 may for instance facilitate the transferring of data and
command signals to the controller CT for printing purposes. The interface unit 34 may
also enable the inkjet printer 30 to be electrically coupled to an input device 38 for the
purpose of downloading print image information to be printed on a print medium 58.
Input device 38 can for instance be any type of peripheral device that can be coupled
directly to the printer 30.

The substrate or medium 58 which is considered in the present document may be
any sort of sheet-like or web-based medium, including paper, cardboard, plastic and
textile.

In order to store data, the printer 30 further includes a memory unit 40. The
memory unit 40 may be divided into a plurality of storage areas that facilitate printer
operations.

In the present example, the memory unit 40 includes a data storage unit 42, a
storage unit 44 for driver routines, and a control storage unit 48 that may store the
algorithm that facilitate the control implementation of the various components of the
printer 30.

The data storage unit 42 may receive image data representative of one or more
images which may be printed by the inkjet printer 30 on a print medium 58.

In the present example, the control storage unit 48 stores a computer program PG
according to a particular embodiment, said computer program PG including instructions
for carrying out a method according to a particular embodiment. The control storage
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unit 40 constitutes a recording medium according to a particular embodiment, readable
by the controller CT.

The computer program PG can be expressed in any programming language, and
can be in the form of source code, object code, or any intermediary code between
source code and object code, such that in a partially-compiled form, for instance, or in
any other appropriate form.

In addition, the recording medium 48 can be any entity or device capable of
storing the computer program. For example, the recording medium can comprise a
storing means, such as a ROM memory (a CD-ROM or a ROM implemented in a
microelectronic circuit), or a magnetic storing means such as a floppy disk or a hard
disk for instance.

Moreover, the recording medium 48 can correspond to a transmittable medium,
such as an electrical or an optical signal, which can be conveyed via an electric or an
optic cable, or by radio or any other appropriate means. The computer program
according to the invention can in particular be downloaded from the Internet or a
network of the like.

In this particular example, the controller CT is operative to cooperate with the
following components of the inkjet printer 30:

- a medium feeding unit 50;

- a carriage unit 46;

- printheads PT coupled to the carriage unit 52.

Preferably, each printhead PT can be removably coupled to the carriage unit 46.

In the present case, it will be assumed that a first printhead PT1 and a second
printhead PT2 (collectively referred to as PT) are coupled to the carriage unit 46.

As shown in figure 5, first printhead PT1 is provided with a column of twenty four
nozzles N1-N24 and the second printhead PT2 is provided with a column of twenty four
nozzles P1-P24. This however constitutes a mere example of implementation. Other
arrangements of printheads and nozzles may be contemplated within the scope of the
present disclosure.

The first and second printheads PT1, PT2 are disposed in a printhead array along a
single printhead axis (x direction).

In the present example, the first printhead PT1 is operable to deposit colour ink by
nozzles N1-N24. In the example considered hereinafter, any appropriate colour ink
(magenta, cyan, yellow and/or black for instance) for the purpose of printing an image
may be used in first printhead PT1.
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In the present example, the second printhead PT2 is operable to deposit a
specialized printing fluid by nozzles P1-P24 to form a coating layer between a first
image and a second image, as explained earlier with reference to figure 1. For
backlight imaging, the specialized printing fluid preferably is translucent to light. One
such specialised printing fluid that satisfied this criterion is a white (or substantially
white) ink. In the following examples, white ink will be used for depositing a coating
layer.

It should be understood that a plurality of first printheads PT1 and/or a plurality of
second printheads PT2 may be used in the present disclosure. For the sake of clarity,
only one first printhead PT1 and one second printhead PT2 are used in the present
case.

The medium feeding unit 50 (or print medium advance mechanism) is operable to
move the print medium 58 along a printing-medium advance direction y. The medium
feeding unit 50 may for instance include rollers, a driving motor, detection means
and/or any other appropriate means (not shown) for the purpose of moving the print
medium 50 along the y direction to the desired position relative to the printheads PT1,
PT2, so as to allow printing by these printheads.

The controller CT is operable to control the medium feeding unit 50 so as to adjust
the relative position of the print medium 58 along the printing-medium advance
direction y in order to cause printing at the appropriate locations on the print medium
58.

The carriage unit 52 is operable to move along a traverse (or scan) direction x in
response to commands from the controller CT.

Figure 4 shows a particular example of implementation of the inkjet printer of
figure 3, although many other embodiments may be contemplated.

In this particular example, the carriage unit 52 is supported by a slide rod 12 that
permits the carriage unit 52 to move along the traverse direction x under the driving
force of a carriage mechanism. The print medium 58 can be stopped in a print zone 14
and the scanning carriage unit 52 is scanned across the print medium 58 for printing a
swath of ink thereon. After a single scan or multiples scans, the print medium 58 can
be incrementally shifted using a stepper motor and feed rollers to a next position within
the print zone 14 for printing a next swath of ink.

In operation, the controller CT controls movements of the carriage unit 52 and of
the print medium 58, and cause ink deposition by the printheads PT1 and PT2. By
combining the relative movements of the carriage unit 52 along the scan direction x
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with the relative movement of the print medium 58 along the medium-advance
direction y, each printhead PT can deposit one or more drops of ink at each individual
one of the pixel locations of the print medium 58.

A first example of a multipass print mode according to the disclosure will now be
described with reference to figures 5-8.

Turning back to figure 5, as indicated earlier, each of printheads PT1 and PT2
includes 24 nozzles N1-N24 and P1-P24 respectively. In this example, Ni and Pi are
positioned in correspondence with each other in the y direction (i=1...24), although
other embodiments can be contemplated within the scope of the present disclosure.

According to the present embodiment, a print sequence is performed using
printheads PT1 and PT2 to cause printing in a multipass print mode on a first area AR1
of the print medium 58 (figure 8). This print sequence includes successively two
“first” passes (or sweeps) S11 and S12, two “second” passes S13 and S14, and two
“third” passes S15 and S16. Each of these passes will be described in more detail
further below. It should be understood that the disclosure is not limited to this
particular example. The print sequence may include at least one so-called first pass, at
least one so-called second pass, and at least one so-called third pass, as explained in
further detail below.

To perform the above print sequence:

- afirst set ST11 of nozzles of printhead PT1 is operable, for each first pass, to
print colour ink in the first area AR1 of the print medium 58;

- a second set ST12 of nozzles of printhead PT2 is operable, for each second
pass, to print white ink in the first area AR1 of the print medium 58; and

- a third set ST13 of nozzles of printhead PT1 is operable, for each third pass,
to print colour ink in the first area AR1 of the print medium 58.

The first and second printheads PT1, PT2 are configured to move along the single
printhead axis (x direction) at each first, second and third pass.

In the present example, the first and third sets ST11, ST13 represent the totality of
the nozzles operable in the first printhead PT1 to print an image, and the second set
ST12 represents the totality of the nozzles operable in the second printhead PT2 to
print a coating layer (with white ink).

Accordingly, the first and third sets ST11, ST13 are identical in the present case,
although this is not obligatory. In other terms, each nozzle N1-N24 of first printhead
PT1 are common to the first and third sets ST11, ST13 of nozzles in the present
example. In addition, all these common nozzles N1-N24 and all the nozzles P1-P24 of
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the second printhead PT2 are configured to be positioned at a same position (e.g. first
area AR1) on the print medium 58 in each first, second and third pass of a given print
sequence, as explained in more detail further below.

In a variant, at least one of first and second sets ST11, ST12 represent only part of
all the nozzles available in the first printhead PT1. Likewise, the second set ST12 may
only represent part of all the nozzles available in the second printhead PT2.

In a particular embodiment, each of the first and third sets of nozzles ST11, ST13
represents at least 50% of the total number of nozzles operable in the first printhead
PT1 and the second set ST12 represents at least 50% of the total number of nozzles
operable in the second printhead PT2.

A sandwich print mode using the printhead configuration shown in figure 5 will
now be described with reference to figures 6-9. The nozzles of printheads PT1, PT2
which are active during a particular pass are represented in a hatched region while the
nozzles which remain inactive during a particular pass are represented in a non-
hatched region.

A printing operation is initiated in step E2, for instance upon reception by printer
30 of image data to be printed on the print medium 58. It is assumed that the print
medium is brought into position by the medium feed unit 50 under control of controller
CT, so that the first and second printheads PT1, PT2 can deposit ink in the first area
AR1 of the print medium 58.

In the following steps, the controller CT controls the printheads PT1, PT2, the
medium feed unit 50 and the carriage unit 52 to cause printing at appropriate timing on
appropriate pixel locations on the print medium 58.

In a first print sequence E4, the first set ST11 of nozzles in printhead PT1 deposits
(E6) colour ink in the first area AR1 of the print medium at a pass S11 so as to form a
first image. The first set ST11 of nozzles then deposits (E8) a second swath of colour
ink in the first area AR1 in another pass S12 so as to complete the first image. Passes
S11 and S12 are “first” passes which may be performed in opposite direction X1 and X2
along the x axis (as shown in figure 6) or in the same direction along the x axis. The
same applies to the other passes in figure 6.

During first passes S11 and S12, the entire set ST11 is an active zone, i.e. a zone
of nozzles which are operable to deposit ink in the first area AR1.

In addition, the second set ST12 of nozzles in printhead PT2 (and, more generally,
all the nozzles of the second printhead PT2 in this case) remain inactive in first passes
S11 and S12. No ink is deposited from any of nozzles P1-P24 of second printhead PT2
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during passes S11 and S12. :

Next, the second set ST12 of nozzles P1-P24 in printhead PT2 deposits (E10) white
ink in the first area AR1 of the print medium during at second pass S13 to form a
coating layer (of white ink in the present case) over the first image. The second set
ST12 of nozzles then deposits (E12) a second swath of white ink in the first area AR1 in
another second pass S14 to complete the coating layer.

During second passes S13 and S14, the entire set ST12 is an active zone, i.e. a
zone of nozzles which are operable to deposit ink in the first area AR1.

In addition, the first and third sets ST11, ST13 of nozzles in printhead PT1 (and,
more generally, all the nozzles of the first printhead PT1 in this case) remain inactive in
second passes S13 and S14. No ink is deposited from any of nozzles N1-N24 of first
printhead PT1 during second passes S13 and S14.

The third set ST13 of nozzles N1-N24 in printhead PT1 then deposits (E14) colour
ink in the first area AR1 of the print medium during a third pass 513 to form a second
image over the coating layer. The third set ST13 of nozzles then deposits (E16) a
second swath of colour ink in the first area AR1 in another third pass S16 to complete
the second image.

During third passes S15 and S16, the entire set ST13 is an active zone, i.e. a zone
of nozzles which are operable to deposit ink in the first area AR1.

In addition, the second set ST12 of nozzles in printhead PT2 (and, more generally,
all the nozzles of the second printhead PT2 in this case) remain inactive in third passes
S15 and S16. No ink is deposited from any of nozzles P1-P24 of second printhead PT2
during passes S15 and S16.

The controller CT controls the medium feed unit 50 to cause a movement M16
(E18) of the print medium 58 relative to the printheads PT1 and PT2 along the y
direction so that the first, second and third sets ST11, ST12, ST13 of nozzles can
deposit ink in a second area AR2 of the print medium 58 adjacent to the first area AR1
(figure 8).

In the present example, the movement M16 corresponds to a distance along the y
direction equivalent to the entire length of the first, second and third sets ST11, ST12,
ST13 of nozzles.

Once the printheads PT1, PT2 are in position above the print medium 58, a second
print sequence E20 analogous to the first print sequence E4 is performed to print, in
the second area AR2 of the print medium 58, another arrangement of printed layers of
the type shown in figure 1.
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More specifically, the first set ST11 of nozzles in printhead PT1 deposits (E22)
colour ink in the second area AR2 of the print medium at a first pass S17 so as to form
a first image (which may be identical or different from the first image formed in the
first print sequence E32). The first set ST11 of nozzles then deposits (E24) a second
swath of colour ink in the second area AR2 in another first pass S18 to complete the
first image.

During first passes S17 and S18, the entire set ST11 is an active zone, i.e. a zone
of nozzles which are operable to deposit ink in the second area AR2.

In addition, the second set ST12 of nozzles in printhead PT2 (and, more generally,
all the nozzles of the second printhead PT2 in this case) remain inactive in first passes
S17 and S18. No ink is deposited from any of nozzles P1-P24 of second printhead PT2
during passes S17 and S18.

The remainder of second print sequence E20 proceeds in the same manner as first
print sequence E4, and will therefore not be described for the sake of conciseness.

The process described above is repeated until the printing operation is over.

As can be understood, the first and second images and the coating layer are
printed sequentially and independently of one another. In other words, the printed
images and the coating layer are not simultaneously deposited on the same portion of
the print medium so as to avoid the respective printing fluids to mix with each other
and degrade the image quality during the printing operation.

Figure 7 shows in a different schematic manner the nozzle usage distribution in
the printheads PT1, PT2 in the exemplary printing operation of figure 6.

As can be understood, according to the present example, the print medium 58 is
not advanced uniformly relative to the printheads since a substantial movement along
the y direction is only performed between each print sequence (e.g. movement M16 in
E18 which is performed between print sequences E4 and E20).

A second embodiment is now described with reference to figures 10-13. As
shown in figure 10, the second embodiment differs from the embodiment of figure 5
in that an error-hiding mechanism is performed such that not all the nozzles of the first,
second and third sets of nozzles in printheads PT1, PT2 are active in each pass.

More specifically, in the present example, the first, second and third sets of nozzles
are configured as follows:

- the first set ST21 of nozzles, used for each first pass, includes only nozzles
N5-N24 of first printhead PT1;
- the second set ST22 of nozzles, used for each second pass, includes only
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nozzles P4-P22 of second printhead PT2; and
- the third set ST23 of nozzles, used for each third pass, includes nozzles N1-
N20 of first printhead PT1.

As can be seen, the first and third sets ST21, ST23 share common nozzles N5-N20.
In the present example, nozzles P5-P20 of second printhead PT2 are at the same
position as common nozzles N5-N20 on the print medium 58 in each first, second and
third pass of a same print sequence.

As explained in further detail below, not all the nozzles in each set ST21, ST22,
ST23 are used in each pass. Movements along the y direction of the print medium 58
relative to printheads PT1, PT2 are caused by the controller CT at different timings in
the print sequence to implement an error-hiding mechanism. As a result, the active
zone is shifted at appropriate times within the first and second sets of nozzles.

This error-hiding mechanism aims at avoiding poor ink deposition at certain pixel
locations due to some failing nozzles in the first and second printheads PT1, PT2 by
shifting the print medium 58 relative to the printheads PT1, PT2 along the y direction
so as to use different nozzles for ink deposition at a same pixel location on the print
medium 58.

When implemented, the error hiding mechanism allows significantly improving the
image quality of the resultant arrangement of printed layers according to the present
disclosure.

A sandwich print mode using the printhead configuration shown in figure 10 will
now be described with reference to figures 8 and 11-13. The nozzles of printheads
PT1, PT2 which are active during a particular pass are represented in a hatched region
while the nozzles which remain inactive during a particular pass are represented in a
non-hatched region.

A printing operation is initiated in step E30, for instance upon reception by printer
30 of image data to be printed on the print medium 58. It is assumed that the print
medium 58 is brought into position by the medium feed unit 50 under control of
controller CT, so that the first and second printheads PT1, PT2 can deposit ink in the
first area AR1 of the print medium 58 (figure 8).

In the following example, the controller CT controls the printheads PT1, PT2, the
medium feed unit 50 and the carriage unit 52 to cause printing at appropriate timings
on appropriate pixel locations on the print medium 58.

In a first print sequence E32, nozzles N6-N24 of the first set ST21 in printhead PT1
are used to deposit (E34) colour ink in the first area AR1 of the print medium at a pass
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S21 so as to form a first image. As can be understood, in first pass S21, the active
zone Z21 in printhead PT1 only includes nozzles N6-N24 in printhead PT1. Only part of
the first set ST21 is used since nozzle N5 (and nozzles N1-N4) remain inactive.

The print medium 58 is then moved (E36) relative to the printheads PT1, PT2
along the y direction by a movement M21. Movement 36 is an error hiding movement
which aims at compensating for possible partial or total failure of one of nozzles N6-
N24 during the first pass S21. For this purpose, the use of the nozzles in the first set
ST21 of nozzles in printhead PT1 is reallocated so as to cause the first set ST21 of
nozzles to keep printing the first image in the first area AR1 of the print medium 58.

In the present example, each error hiding movement is a movement along the y
direction of a distance equivalent to one nozzle of printheads PT1, PT2. The disclosure
is however not limited to this particular example.

Nozzles N5-N23 of the first set ST21 of nozzles then deposit (E38) a second swath
of colour ink in the first area AR1 in another pass S22 to complete the first image. In
first pass S22, the active zone only includes nozzles N5-N23 while nozzle N24 of the
first set ST21 of nozzles remain inactive (nozzles N1-N4 also remain inactive in pass
S22).

Passes S21 and S22 are first passes which may be performed in opposite direction
X1 and X2 along the x axis (as shown in figure 11) or in the same direction along the
X axis. The same applies to the other passes in figure 11.

During first passes S21 and S22, the second set ST22 of nozzles in printhead PT2
(and, more generally, all the nozzles of the second printhead PT2 in this case) remain
inactive. No ink is deposited from any of nozzles P1-P24 of second printhead PT2
during first passes S21 and S22.

Following a movement M22 (E40) along the y direction, nozzles P4-P22 of the
second set ST22 in printhead PT2 are used to deposit (E42) white ink in the first area
AR1 of the print medium at second pass S23 so as to form a coating layer over the first
image. In a variant, no movement M22 is performed prior to second pass S23, as will
be explained further below.

An error-hiding movement M23 along the y direction is then performed (E44) and
the use of nozzles in the second set ST22 is reallocated so as to cause the second set
ST22 of nozzles to keep printing white ink in the first area AR1 of the print medium 58.

The active zone in the second set ST22, which now includes only nozzles P3-P21,
performs a second pass S24 during which white ink is deposited (E46) in the first area
AR1 of the print medium 58 so as to complete the coating layer.
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The subsequent movements of the print medium 58 relative to printheads PT1, PT2
(M24 in E48, and M25 in E52) and the subsequent ink depositions (E50 and E54) are
performed in an analogous manner and will therefore not be described for the sake of
conciseness.

Following the last of the third passes (E54), the controller CT controls the medium
feed unit 50 to cause a movement M26 (E56) of the print medium 58 relative to the
printheads PT1 and PT2 along the y direction so that the first, second and third sets
ST21, ST22, ST23 of nozzles are in position to deposit ink in the second area AR2 of
the print medium 58 adjacent to the first area AR1 (figure 8).

In the present example, the movement M26 corresponds to a distance along the y
direction equivalent to the total length of the first, second and third sets ST21, ST22,
ST23 (i.e. a length equivalent to 20 nozzles).

Once the printheads PT1, PT2 are in position above the print medium 58, a second
print sequence E58 analogous to the first print sequence E32 is performed to print, in
the second area AR2 of the print medium 58, another arrangement of printed layers of
the type shown in figure 1.

More specifically, nozzles N6-N24 of the first set ST21 of nozzles in printhead PT1
are used to deposit (E60) colour ink in the second area AR2 of the print medium at a
pass S27 so as to form a new first image. Following an error-hiding movement M27
(E62) along the y direction, and appropriate reallocation of nozzle usage within the first
set ST21 of nozzles, nozzles N5-N23 deposit (E64) a second swath of colour ink in the
second area AR2 of the print medium 58 so as to complete the new first image.

The remainder of second print sequence E58 proceeds in the same manner as first
print sequence E32 and will therefore not be described for the sake of conciseness.

Figure 12 shows in a different schematic manner the nozzle usage distribution in
the printheads PT1, PT2 in the exemplary printing operation of figure 11.

As can be understood, according to the example of figures 10-13, the print
medium 58 is not advanced uniformly relative to the printheads. Namely, a movement
of a same distance along the y direction is performed between each pass in the print
sequence (e.g. movements M22 to M25) while a movement of a different distance is
performed along the y direction between each print sequence (e.g. movement M26).

In the present example, it should be noted that the movements M22 (E40) and
M24 (E48) along the y direction may not be performed in print sequence E32. In a
particular example, an error-hiding movement of the print medium 58 relative to the
printheads is performed between each two successive first passes (e.g. between passes
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521 and S22), between each two successive second passes (e.g. between passes 523
and S24), and between each two successive third passes (e.g. between passes S25 and
526).

In a variant of the second embodiment depicted in figures 10-13, each print
sequence includes at least two first passes, two second passes and two third passes. In
this variant, the print sequence includes:

- at least one inactive pass between the last of the first passes (performed by the
first set of nozzles) and the first of the second passes (performed by the second
set of nozzles), and

- at least one inactive pass between the last of the second passes (performed by
the second set of nozzles) and the first of the third passes (performed by the
third set of nozzles).

In this variant, the first, second and third sets of nozzles remain inactive (i.e. do
not print) during each inactive pass.

The number of inactive passes can be advantageously adapted to allow sufficient
time to last between for instance first pass S22 and second pass S23 to allow drying of
the first image on the print medium 58.

The present method of printing and the printer of the present apparatus are
advantageous in that it allows implementation of a sandwich print mode in an efficient
manner. Thanks to the present method, an arrangement of printed layers of the type
for instance shown in figure 1 can be obtained. The present disclosure may however
be used to produce arrangement of printed layers other than the one described earlier
in reference with figure 1.

In a particular example, each first, second and third pass is bidirectional such that
two successive pass are performed in opposite directions along the x axis, other
embodiments being possible in the present disclosure.

The present method enables utilizing a substantial part of the nozzles of each
printhead in the process of printing the different ink layers. In a particular
embodiment, each of the first and third sets of nozzles represent at least 50% of the
total number of nozzles operable in the first printhead, and the second set represents
at least 50% of the total number of nozzles operable in the second printhead.

Preferably, at least 2/3 (preferably at least 75%) of the nozzles available on each
printhead are used to perform the different passes of the present method of printing.

In a particular example, 100% of the nozzles are used, as shown for instance in figure
5.
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The present method allows printing in a sandwich print mode using more nozzles
of the printhead than in the known sandwich print mode, thereby evening out the
printing load and improving printhead reliability. This approach can advantageously
reduce the number of drops printed by a given nozzle.

In other words, effective distribution of nozzle usage across the printheads can be
achieved by carrying out the present method. Efficient printing can be achieved with a
simple construction of the printheads in the printer.

The present method also significantly reduces the risk of reliability failure of unused
nozzles due to evaporation of volatile components of the ink. As explained earlier,
unused nozzles often get clogged due to a build-up of ink viscosity near the nozzle
orifice. The present method can maintain nozzle health by having nozzles spitting
waste ink, thereby avoiding that nozzles become blocked.

Figure 14 shows a variant of the second embodiment depicted in figures 10-13.
This variant only differs from the embodiment of figures 10-13 in that, in at least one
third pass, in addition to the printing by some nozzles of the third set ST23 in the first
area AR1 of the print medium 58, at least one nozzle of the first printhead PT1 is used
to print part of a third image in part of the second area AR2 of the print medium
adjacent to the first area ARL.

In the present example, in the third passes S25 and S26, some nozzles of the first
printhead PT1 are used to deposit colour ink in the second area AR2 of the print
medium 58. More specifically, in third pass S25, an additional active zone Z25b
including nozzles P21-P24 of printhead PT1 prints part of a third image on the area AR2
of the print medium 58. Likewise, in the third pass S26, an additional active zone Z26b
including nozzles P20-23 is used to deposit ink in the second area AR2 of the print
medium 58.

The variant of figure 14 also differs from the embodiment of figures 10-13 in
that, in at least one first pass of a subsequent print sequence (print sequence E58 for
instance), at least one nozzle of the first printhead PT1 is used to print part of the
second image on part of the first area AR1 of the print medium 58.

In the present example, in the first passes S27 and S28, some nozzles of the first
printhead PT1 are used to deposit ink in the first area AR1 of the print medium 58.
More specifically, in first pass S27, an additional active zone Z27b including nozzles
P21-P24 of printhead PT1 is used to deposit ink in the area AR2 of the print medium
58. Likewise, an additional active zone Z28b including nozzles P1-P4 of printhead PT1 is
used to deposit ink in the first area AR1 of the print medium 58.
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The above variant allows distributing usage even more across the nozzles of the
printheads.

As already explained, the present disclosure is not limited to the examples
described above and should be understood as encompassing various alternatives and
adaptations that the skilled person would contemplate within the scope of the present
disclosure. In particular, it should be understood that, the number of printheads and of
nozzles therein, the printing fluids used, the composition of each set of nozzles in the
printheads and the size of each active zone (when the error-hiding mechanism is
implemented) can be adapted as appropriate by the person skilled in the art.
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CLAIMS

1. A method for printing in a multipass print mode using a first printhead and a second
printhead, wherein the first and second printheads are disposed in a printhead array
along a single printhead axis, said method including in a print sequence:

- printing in at least one first pass a first image in a first area of a print medium
using a first set of nozzles from said first printhead while the second printhead
remain inactive in said first area of the print medium;

- printing in at least one second pass a coating layer over said first image in said
first area of the print medium using a second set of nozzles from said second
printhead while the first printhead remain inactive in said first area of the print
medium; and

- printing in at least one third pass a second image over said coating layer in said
first area of the print medium using a third set of nozzles from the first printhead
while the second printhead remain inactive in said first area of the print medium;

wherein at least one common nozzle to said first and third sets in the first printhead
and at least one nozzle of said second set in said second printhead are at a same
position on the print medium in each of said first, second and third passes.

2. A method according to claim 1, wherein the first printhead and the second printhead
move along the single printhead axis at each first, second and third pass.

3. A method according to claim 1 or 2, wherein said first and third sets of nozzles
represent each at least 50% of a total number of nozzles operable in said first
printhead to print an image.

4. A method according to any one of claims 1 to 3, wherein said second set of nozzles
represents at least 50% of a total number of nozzles operable in said second printhead
to print a coating layer.

5. A method according to any one of claims 1 to 4, including a determined movement
of the print medium relative to the printheads once the print sequence is completed in
the first area of the print medium so as to initiate a subsequent print sequence on a
second area of said print medium adjacent to said first area.
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6. A method according to claim 5, wherein the print medium is moved non-uniformly
relative to the printheads during said determined movement in comparison with said
print sequence.

7. A method according to any one of claims 1 to 6, wherein said print sequence
includes:

- at least two first passes, two second passes and two third passes,

- an error-hiding movement of said print medium relative to said printheads
between each two successive first passes, each two successive second passes,
and each two successive third passes in said print sequence, and

- for each of said error-hiding movement, reallocating the use of the nozzles in
respectively the first set, the second set and the third set of nozzles so as to
cause said first, second and third sets to print respectively the first image, the
coating layer, and the second image in said first area of the print medium in each
respective pass.

8. A method according to any one of claims 1 to 6, wherein, for each of said first,
second and third passes, the first and third sets of nozzles include all the nozzles
operable on the first printhead, and the second set of nozzles includes all the nozzles
operable on the second printhead.

9. A method according to any one of claim 1 to 8, wherein said print sequence includes
at least two first passes, two second passes and two third passes, wherein said method
includes:
- at least one inactive pass between the last of said first passes and the first of said
second passes, and
- at least one inactive pass between the last of said second passes and the first of
said third passes, wherein the first, second and third sets of nozzles remain
inactive during each inactive pass.

10. A method according to any one of claims 1 to 9, wherein, in at least one third pass,
at least one nozzle of the first printhead prints part of a third image on a second area
of the print medium adjacent to the first area.

11. A method according to any one of claims 1 to 10, wherein, in at least one first pass
of a subsequent print sequence, at least one nozzle of the first printhead prints part of
said second image on the first area of the print medium.
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12. A computer program comprising instructions for carrying out the method of any
one of claims 1 to 11 when said computer program is run by a processor.

13. A recording medium readable by a processor, said recording medium storing a

computer program comprising instructions for carrying out the method of any one of
claims 1 to 11.

14. A method for printing in a multipass print mode using a first printhead and a
second printhead, wherein the first and second printheads are disposed in a printhead

array along a single printhead axis, said method including:

printing in a first pass a first image on a print medium using a first set of nozzles
from said first printhead;

printing in a second pass a coating layer over said first image a second set of
nozzles from said second printhead; and

printing in a third pass a second image over the coating layer using a third set of
nozzles from the first printhead

wherein at least part of the active zones of the first, second and third sets of
nozzles in said first, second and third passes respectively overlap with each other
relative to the position of said sets of nozzles on the print medium.

15. A printing apparatus for printing in a multipass print mode, said printing apparatus
including:

a first printhead including a first set of nozzles for printing in at least one first
pass a first image in a first area of a print medium;

a second printhead including a second set of nozzles for printing in at least one
second pass a coating layer over said first image in said first area of the print
medium;

wherein said first printhead includes a third set of nozzles for printing in at least
one third pass a second image over said coating layer in said first area of the
print medium,

wherein the first and third sets of nozzles are arranged to remain inactive in said
first area of the print medium during each second pass and wherein the second
set of nozzles is arranged to remain inactive in said first area of the print medium
during each first and third pass.



WO 2016/066225

114

L\

PCT/
1110
108 100
111 /r/
112

106 F—/ ——{_110
104 \ \
102} \_)

116a

!

115

117b
117

FIG.2

117a 117¢ t 117d

116b  116c 116d 116

a7
y 3 \/3 .



WO 2016/066225

PCT/EP2014/073487
2/10
30
—N 36
/L___f\
CT 34
cT \ 34
—\ 38
11 -
2 4 L
-_40
50 52 PT
T —, M8




PCT/EP2014/073487

3/10

WO 2016/066225

FIG.5

T12
1Y_‘

S
//

A,// :

P23
P24

‘
Z

N1
N2
N3

N23
N24

TR

N

ST11, ST13




PCT/EP2014/073487

4/10

WO 2016/066225

© NENAERABEEEREEEEEEEEEHEEHEE ‘2

-— hon >
m P eisfeleiefeletetelefelefeteiei oMM

| |

| W_m_n_m_m_%_,m BEEBEEEEEEBEEEHEHEE T

| [ T

| o SR e e S e s s e e s fa ey >

|

I

FIG.6

B
MBEEERRAEBEEEEEHEEEEHEREEEHERY e
5 e =< E
S e e e e s e e ] o
ﬁ\_m_m_m_m_%_m_,ﬂ_m_m HEHEEEBHEEEEEHEH T
| R R R e e
M7%%%%%%%@@@&&&&&&&&&%%&@Pm
B BBBABEBEBHBBEBHEBEBEEH
3@ﬁ@@@@@@@@?@?ﬁ%%ﬁ%%ﬁ%%%ﬁ4
- A
P\EEEEE 2 EEEEEEEEEEE[E[E] '
>

o~ SEBBEAREEHEEEEEEEEEHEHEER TzA A
O R R T T e e S B e B B B B8] | >
B @
nWyzvﬁﬁﬁwzmmmﬁmﬁmmﬂmﬂﬂﬁﬁﬁﬁ1 E

ST [«
IR EH AR R e 7
-
T 55555555555 N ™ <+ W0 M~ o o © T 0N M e+ W O M~ M © T N M Y 9 @ > @ e T oo e
P 1111111111111111111111111 2 T T2 T T S N S



WO 2016/066225 PCT/EP2014/073487

S1|S2|S3(S4|S5(S6/S7|S8 5/10
N1

N1 Nt [ P1| P1 N1

2 N2 | N2 | P2 P2 N2 N2
3 N3 | N3 | P3| P3| N3| NS
4 NA | N | P4 | P4 N4| N4
5 N5 | Ns| P5| Ps|N5| NS
6 N6 | N6 | P6 | P6 | N6 | N8
7 N | NT{PT|PT|NT| NP
8 N8| No | Pa| PainNg| N8
9 No | No| Pa| Po|Ng| Ng
10 N0 | N0 | P10 | P10 | N0 | N1D

I

I

I

|

I

I

I

I

I

I

|

1M N1 N1 P41 P N1 NTY I
12 N12 | N12| P12 | Pi2 | N12 | N12 |
13 N13 | N13| P13 [ P13 | N13 | M43 |
4 N4 | Ni4| P14 | P14 | N14 | N14 l
15 N15| N15| P15 | P15 | N15 | N15 I
16 N16 | N16| P16 | P16 | N16 [ N16 :
17 NI7 | N17 | P17 | P47 | N17 | N17 |
18 N18 | N18| P18 | P18 | N18 | N18 |
19 N19 | N1g | P1o | P19 | N19 [ N19 |
20 N20 | N20 | P20 | P20 [ N20 | N20 |
21 N2t | N21| P21 | P21| N21| N21 |
2 N2 | N2z | P2 P22|N2| N2 |
23 N23 | N23| P23 | P23 | N23| N23 l
24 N24 | N24 | P24 | P24 | N24 | No4 :
I

I

I

|

I

I

I

I

I

I

I

I

X

FIG.7

25 P1| P

2% P2| P2

277 P3| P3

28 P4 | P4

29 P5 | P5

5" pixels 5| S N —
31 PT | P7 AR2_//‘]_ ___________ B
32 P8 | P8

3 Po | Pg

3 PIO| P10

3 P11| P11

3% P12| P12 |

a7 P3| P13 |

38 P14| P14 |

3 p1s| p1s |

40 pts| pig |

M prr | prr | F l G . 8
) p1g| prg

43 P1g| P9 :

4 P20| P20 |

45 P21| P21

4 P22| P22 |

& P23 | P23 |

48 P24 | P24 |



WO 2016/066225

PCT/EP2014/073487

6/10

INITIATING PRINT OPERATION  {~__ Eg

]
15t PASS $11 E6
: T PT1 PT2
I 15t PASS §12 mr E8 N1/ \/m/ 21
| I N2 52/ P2
| 2nd PASS $13 mr E10 N3 /;f/ ;
E4 _~ N4 4
| 2nd PASS $14 | E12 f:/ ’ /‘/
| & /// 7
: 3rd PASS §15 I E14 ///// /'f/’
| I
3rd PASS 816 |~ E16 -
L= —=—=- /é%
MOVEMENT M16 [~— E18 / / /
v 1 ' '
| 1st PASS 817 r\|/ E22 ”@T N21 ?:y
| | /)',EZ/Z N2| |
E20 1st PASS S18 E24 3 N23 P23
- S t 7 ] N \ P24 >
I I ST Y ST22

J - —x FIG.10




PCT/EP2014/073487

WO 2016/066225

7110

333333333333333

Sﬁ_m_m_m_m_m_%_w_m_w_mmm_mmmm_mmmmnmnn ﬁﬁ
N
Mi MIBEEEE R R R R R R RRRSRRSRSSE
i \ U
S 7ﬁwmmiﬂimﬁﬂmmmmmﬂﬁwﬂmmﬂgmﬁ a-
= 3 Avﬂ
m_ ) P\ [z]=[=]z]z e S S A S S S B a3y
R | L\M/)
%"_1mﬁH%1wm£mmmmmﬁﬁmmmmmzam:m N & =
N1 e T e e T e e e T T e e T T TS & =
M_ I A e e e e e s e e 55 5[ 5|3 N

©
/l\\z
N
[Te)
o
N

|

|
xwﬁiﬁgigiiiammmmmmmwmmw1mma:1
7 A G NS —Talal<] | ><
S REEEEERRRRERERRASESEUHEEH

I -

I \\)n
Mimmziﬁ%%%mﬁﬁﬁﬁﬁ%ﬁm@@mmﬂﬁ
{72 BN N v o s S e e I R I P Iy v S Py vy e I PR P [Py ey eV e e

NBEBHEEEBEHEHHHEHEHBHHEEE

223

I=

555555555 elic|d|e|zle|lel=|=
Ziz|lz|z|lz|Z|=2|2

zjiz|Z|z|z|=2z|Z|2|2|=

[ o e e e e e R R e R R e R R R w5 F]
|

2(g|5|8(23
zZ|zZ|Zz|=2|2]|2

HEHEHERY
ﬁx

]
I
555555555 oloc|lv|le|lxz|vie|~|lel®

oy | P_P_P_P_PPPPP_M_N_M_MMMMNMM
[>]
w !

|

|

HEBERRRRRSHSSESSEEUUSHUH

/ﬂ

00000000000

_m_n m*u N

000000

FIG.11



WO 2016/066225

Pixels

—-

@ B N ®m ;T B W N

$1

N6

N7

N8

Ng

N10
N1t1
N12
N13
N14
N15
N16
N17
N18
N1
N20
N21
N22
N23
N24

S2

N6

N7

N8

NS

N10
N1
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24

S3

]

P7

P8

P9

P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24

S4

P6

P7

P8

P9

P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24

8/10

¥
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24

S6

N6

N7

N8

N9

N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24

S7

N6

N7

N8

N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N18
N20
N21
N22
N23

N24

= Z =
@ N &

N12
N3 |
N14 |
N15 |
N15 |
Ntz |
nig |
N19
N20
N21
N2 |
NZ3 |

N24 |

FIG.12

PCT/EP2014/073487



WO 2016/066225 PCT/EP2014/073487

9/10

INITIATING PRINT OPERATION | ~__ E30

7y 1
| 15t PASS S21 «|, E34
1
: MOVEMENT M21 /\:/ E36
!
| 15t PASS S22 f\r E38
!
| MOVEMENT M22 /\L E40
I * I
2nd PASS 523 E42
| ; T
E32J1 MOVEMENT M23 NL E44
[p——
2nd PASS S24 E46
| — T
| MOVEMENT M24 E48
{ ¢ 1
: 3rd PA'SS $25 /\:, E50 | 1st PA?S S27 /\Jr E60
| MOVEMENT M25 /\F E52 : MOVEMENT M27 /\l/ E62
1 !
l_ 3rd PASS S26 I E54 | 1st PASS 28 mr E64
— = | | |
MOVEMENT M26 | ~— E56 | ' |/\/ E58
L




PCT/EP2014/073487

\l!TnA
EEREBEBEREBREREAERE o
ajaja|lalalala|als alo|a|a

«©
o
n

P5

bl A - wlr|lo|la|2|E Y

_ EERERRRRRARSRRRSSHEN

WO 2016/066225

10/10

R ERRETE | o
“| CEEEEEEEREEEEEEEEE R
o (T RS SIS S S SRS (Rl 2]
(72} 012345678901234X
FEEEEEEEEEEEEEEEEEEEEERE
DEEEEEE0HEHHRE 2

N
>

HEEEEBHEHEEH
[zfefeleieteleielel Sttt el o8] |
HHBEH

rz/%yf#ﬂﬂﬁlxzﬁw,%% =

N ™+ w o~ ® o 2 T @82 3T 8 ens-ee Ry

P{

N1
N2
N3

PT2
; S22

P18
P20
P21
P23

<
—2_

P1
2|
| b3
]
s

o~ il g I 212|E
PPFPPPPPPPPP

S21

N1t
N2
N3
N5

A

PT1
zz1 ]

22
2

25
26

ixels

Tep

27

28

29

30
31

32

33

34

35
36

37

38
39

40

4

42

FIG.14

X



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/073487

A. CLASSIFICATION OF SUBJECT MATTER

INV. B41J2/21 B41M5/00
ADD.

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

B. FIELDS SEARCHED

B41J B41M

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, 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.

Y figures 2A, 3, 8, 23
paragraph [0050]
paragraph [0077]

figures 1-5, 7

paragraph [0043]
paragraph [0046]
paragraph [0056]
paragraph [0059]
paragraph [0062]
paragraph [0064]

X US 2010/238211 Al (USUDA HIDENORI [JP] ET
AL) 23 September 2010 (2010-09-23)

X US 2012/076999 Al (NAKANO MASAYUKI [JP] ET
AL) 29 March 2012 (2012-03-29)

1-5,8,
12-15

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 application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"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 invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 June 2015

Date of mailing of the international search report

29/06/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Joao, César

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/073487

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

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

Relevant to claim No.

X

US 2014/313526 Al (DAVIDSON ALEX [IL])
23 October 2014 (2014-10-23)

figures 1-2

paragraph [0017]

paragraph [0020]

paragraph [0023]

paragraph [0053]

US 2007,/085889 Al (CARDELLS ANA M [ES] ET
AL) 19 April 2007 (2007-04-19)

figure 3

paragraph [0055]

1,12-15

7,9

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/073487
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010238211 Al 23-09-2010 JP 5299005 B2 25-09-2013
JP 2010221499 A 07-10-2010
US 2010238211 Al 23-09-2010
US 2013215170 Al 22-08-2013
US 2013215171 Al 22-08-2013
US 2014340440 Al 20-11-2014
US 2012076999 Al 29-03-2012 JP 2012091493 A 17-05-2012
US 2012076999 Al 29-03-2012
US 2014313526 Al 23-10-2014 (N 104136223 A 05-11-2014
EP 2790921 Al 22-10-2014
US 2014313526 Al 23-10-2014
WO 2013088430 Al 20-06-2013
US 2007085889 Al 19-04-2007  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 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

