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(57) Abstract: A method and device for coding and marking printing including defining a print image in dot formation of various
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of dot image print head nozzles to form the defined print image at absolute dot positions; and undertaking the individual control
instructions to provide a printed image on a printing substrate corresponding to the defined print image, whereby the system allows
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A Coding and Marking Printing System

Field of the Invention

This invention relates to a coding and marking printing system for broad repetitive
coding and marking of products for product traceability. In one form it is related to a
drop on demand printing system but also includes other forms. It is particularly
related to an improved system for printing indicia or the like in non-controllable

environments such as in printing onto wood, but is not limited to such.

There are many types of printing known. However the uses are limited to the
environment of the printing. Clearly very complex printing techniques are usable in
printing money currency in the sterile secure environment of the mint. However such

techniques are not suitable in other environments.

Backeround Art

Coding and marking printing system includes in one form inkjet coding which falls
into two main types. One being DOD (Drop on Demand) and the other is ClJ
(Continuous Ink Jet). Drop on demand includes valve based and piezo- electric based

systems.

Generally DOD systems have a matrix print generation with a fixed spacing in both
the X and Y axes and utilising as the nozzles, a series of in-line plungers, valves or
solenoids. Nozzles are either lined up vertically or placed on a fixed angle dependent
on size of characters or indicia being printed. The nozzle arrangement is typically a 7,
16 or 32 valve print head. The dot matrix format used to create each character is as
little as 5x5 dots up to possibly as many as 32x24 dots. The more dots in each
character the better the print quality or “resolution”. Due to the dot matrix format of
the characters, there is a limit as to what can be printed with the DOD systems that
uses a valve, plunger or solenoid type arrangement in-series (fixed spacing) as the
nozzles. If they are extremely complex graphic characters, or require high quality,

high-resolution printing, then the DOD ink jet printers may not be suitable.

Therefore major drawbacks with known drop on demand printing systems include the
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fixed spacing and limited dots and fixed size of image, which cause a very restricted

dot matrix image with low resolution and not a pleasing effect.

Current methods for driving DOD print head nozzles is in the form of plunger, valves
or solenoid in plunger or valve systems and the controlling systems includes hard
driving of the plunger / valves / solenoids, by an initiating control. Each valve in the
print head is controlled with an On/Off or a common stepped voltage according to a
regular pulsed position output. This method of driving can reduce the life of the
plunger / valve / solenoid and require larger circuits that use more power and produce
more heat. This is a form of stepping the power supply that is feeding the print head,
but not stepping the voltage feeding the jets themselves.

By using this method, you are limited to printing in columns only and if the print head
is placed on an angle to produce a smaller print height it is possible to introduce a
wave into the information printed. This happens because the current systems can only
place a dot when the power supply produces the step voltage and the spacing that has

been selected.

Therefore substantial restrictions of such systems include the resolution equations for
these systems as well as the time to print the image. The more dots per character or
image, the slower the printer has to print. The DOD printers produce each dot in turn
and therefore if the matrix was a 32x24 as compared to a 5x5, the printer requires 5
times or more time to produce each character in the 32x24 format, thus reducing the

overall print speed capabilities.

Traditionally DOD printing technologies cannot print at the same speeds of the CIJ
(up to 7.2m/s). The current DOD systems can only print at speeds of up to 4m/s. This
is due to the processor that is doing the print generation is also initiating the opening
and closing of each jet. This takes a lot of effective bandwidth away from the
processor, so as the print speed increases the processor bandwidth requirements
increase accordingly. Also as the processor bandwidth increases, the DOD print
controller and/or controlling system can no longer ensure that the placed dot is of the

correct size and placed precisely in the correct position. This causes the print to
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eventually become illegible.

Therefore a further limitation is the speed and resolution quandary that provides an
unacceptable processor limitation in the modern printing industry and an unacceptable

heat problem in the solenoids.

The DOD system consists of a pressurized pot of ink or ink pump, which is connected
to each nozzle via a manifold and solenoid. These solenoids are then controlled by a
print controller, which produces an open or closed situation to allow droplets of ink to
be projected from the nozzles at the appropriate time within the restriction of
resolution of the regular pulsed position output. The solenoid can either directly
control a valve or a print wire is used. In the case of print wire a piece of wire open
and closes a port on the print head surface. This wire is controlled via a solenoid.

The print wire method cannot print at the same speeds of the directly controlled valve.

A further problem exists in the blockage of the nozzles when idle for a certain time.
Generally the longer the idle time, the greater the blockage and the more ink flow
pressure required to clear the blockage. However current systems only have an initial

start blockage clean.
It is an object of the invention to provide an improved drop on demand printing
system that overcomes or at least ameliorates one or more of the problems of the prior

art and allows for more detailed definition of image.

Brief Summary of the Invention

In accordance with the invention there is provided a coding and marking printing
system using a plurality of print heads for printing, the system including a print drive
interface connectable to the print heads and a control system for receiving a rendered
image and connected to the print drive interface for controlling the print heads;
wherein the control system has a plurality of instructions to individually control each
print head according to an inputted rendered image and a determined dot formation

representation of the rendered image.
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The control system includes encoder, and printer logic core having core printer
functions, which through a jet drive interface communicate with the jet bank interface

to drive the print heads.

The printer logic core of the control system includes a data address interface that
receives a plurality of instructions from control system, wherein the processor
controls the initiation and the time of action of each print head. The control system
can drive the print heads by a step voltage over a predefined step timing and a
respective hold voltage over a determined hold timing dependent on the respective dot
portion of the determined dot formation representation of the inputted rendered image.
The step timing can have an effective predetermined range to allow print head
operation without possible damage. The hold timing can have an effective
predetermined range to allow print head operation to required range of dot size

formation without possible damage.

The control system and the print drive interface are on a defined digital means for at
least a rendered image such as on a FPGA (field programmable gate array) an OTP,
ASIC or other hard copy silicon chip. In this way the power of the central processing
unit undertaking the rendering is not affected by the separate operation of driving the

print heads.

The invention provides a drop on demand printing system including a plurality of
print head nozzles for drop on demand printing and connectable to an ink feed; a jet
bank interface connected to the print head nozzles; and a control system for
controlling the release of the ink by the print head nozzles connected to the jet bank
interface by defining a plurality of instructions to individually control the release of
the ink of each print head nozzle according to an inputted image and a determined dot

formation representation of the image.

The control system can include encoder, and printer logic core having core printer
functions, which through the jet drive interface communicate with the jet bank

interface to drive the print head nozzles.
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The printer logic core of the control system includes a data address interface that
receives a plurality of instructions from a processor (CPU), wherein the processor can
control the initiation of the release and the time of the release of the ink of each print

head nozzle.

The control system can drive the print head nozzles by a step voltage over a
predefined step timing and a respective hold voltage over a determined hold timing
dependent on the respective dot portion of the determined dot formation

representation of the inputted image.

Also in accordance with the invention there is provided a method of drop on demand
printing including the steps of:

defining a print image in dot formation of various sizes and locations;

determining and providing a set of individual print control instructions for
individually controlling a plurality of dot image print head nozzles to form the defined
print image; and

undertaking the individual control instructions to provide a printed image on a

printing substrate corresponding to the defined print image.

Due to the separation of the step of determining and providing a set of control
instructions, to the step of undertaking the individual control instructions allows the
system to not be restricted by the limitations of the processor and also allows for
calculated adjustment of each dot position without computational limitation during the

printing cycle.

The method can undertake the defining of the print image and the determining and
providing of a set of individual print control instructions separate and preferably

before the beginning of the undertaking of the individual control instructions.

The definition of the print image can be in final form and the step of determining and
providing a set of individual print control instructions includes consideration of
relative positioning of dot image print head nozzles and relative movement of dot

image print head nozzles to the printing substrate.
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The print image can be defined using absolute positioning of dots in at least one
direction and substantially only limited by the size of the dots. Therefore the system
can allow for definition of position of dots anywhere along the X-axis of the print

lines.

The determining and provision of a set of individual print control instructions can be
such that no processing is required for the undertaking of the individual control

instructions.

The print image can be defined by vector graphics, vector fonts and scaled bitmaps /
images. Since the image can be rendered to print head nozzle commands prior to
printing and not rely on processor bandwidth then the image can be defined by vector
graphics and vector image. Further it is no longer necessary to define a compensated
image to be rendered for control taking into consideration the limitations and errors of
the system. Instead the current system can render the image or character as required
and the computational definition of each dot point can separately take into
consideration the initial errors or individual compensation and no cumulative errors

can occur during the printing cycle.

The individual print control instructions can include for each defined dot formation an

instruction for a logic controlled print head nozzle.

The individual print control instructions can include consideration of the plurality of
dot image print head nozzles being in a fixed array and the provision of relative

movement of the fixed array to the printing substrate.

The individual print control instructions can include for each defined dot formation a
definition of location determined by a fixed time according to position of the dot
image print head nozzles and the speed of relative movement of the fixed array to the

printing substrate.

The system particularly can take into account the angle of the print head which is

6



10

15

20

25

30

WO 2008/052257 PCT/AU2007/001644

undertaken for resolution requirements in the Y axis and for character height and
instead of requiring the image to be rendered in a similar leaning manner can be
rendered in normal view and the dot position calculated separately for each dot taking

into consideration the initial print head nozzle offset.

The system can have the print heads interlaced in both the X and Y axis. When the
print heads are interlaced in the X axis the result is improved print speed /
performance, but when interlaced in the Y axis it greatly improves the printer’s

resolution capabilities.

The individual print control instructions can include for each defined dot formation a
definition of size of dot to be printed. Therefore due to the availability of changing
size of dot and being able to allow the next dot to be positioned and the required
spaced position rather than at a predefined resolution spacing the current system
offers the ability for a much more detailed and realistic rendering of the printed image

or character.

The individual print control instructions can include for each defined dot formation an
initiation signal for initiating the release of ink released from any one of a plurality of

print head nozzles connected to an ink feed.

The control signal can further provide a hold signal for continuing the release of ink

released from any one or more of the plurality of print head nozzles.

The initiation signal can be a step voltage.

The hold signal can be a controlled hold voltage at a lower voltage than the step

voltage.

The individual print control instructions can include for each defined dot formation a
dot formation control signal for controlling the manner of release of ink released from

any one of a plurality of print head nozzles connected to an ink feed.
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The dot formation control signal can be to shape the dot formed.

The dot formation control signal can be to control a pulse width modulated controlled

print head nozzle.

The dot formation control signal can be to control a frequency based controlled print

head nozzle.

The dot formation control signal can be to control a bit stream controlled print head

nozzle

The method of drop on demand printing can include the step of placing any one or
more of plurality of print head nozzles at a predefined relative position to the printing

substrate,

The predefined relative position of print head nozzles to the printing substrate can be
an absolute position in at least one direction and a position determined by the spacing

of print head nozzles in a transverse direction.

The step of placing any one or more of plurality of print head nozzles at a predefined
relative position to the printing substrate can include arranging the print head nozzles
in a linear array and moving a printing substrate relative to the linear array such that a
pathway set of parallel linear lines occurs with the spacing of dots determined over a
continuous range along the linear pathways and spaced according to the spacing of the

print head nozzles in the array.

Adjustment of position along the linear pathways is determined in consideration of the

relative speed of the printing substrate to the array of print head nozzles.

Adjustment of the relative spacing of the linear pathways is defined by the distance of
the print head nozzles in the array and the angle of the linear array relative to the

direction of movement of the printing substrate.
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The plurality of linear arrays of print head nozzles can be overlapping and the
determining and providing a set of individual print control instructions for
individually controlling a plurality of dot image print head nozzles to form the print
image can take into account the particular print head nozzle to undertake the printing

and the particular related offset calculation required in the rendering process.

It can be seen that such overlapping allows for the creation of unlimited size image or
character. It further allows resolution to be substantially unrestricted in the Y- axis
and if there is a resolution limitation of a first set of linear array of nozzles the
overlapping linear array can be offset and thereby bisect the continuous X axis print
line and thereby double the resolution in the Y-axis. Further overlapping or different

spacing can alter the resolution at different ratios as required.

The use of overlapping arrays of print head nozzles also particularly allows DOD to
be used for three-colour printing and overcomes the alignment problems of reprinting

over a first print colour.

The invention also provides a drop on demand printing system including:

a plurality of print head nozzles for drop on demand printing and connectable
to an ink feed;

a control system for controlling the release of the ink by the print head
nozzles; and

a processor for defining a plurality of instructions for the control system to
individually control the release of the ink of each print head nozzle according to an
image and a determined dot formation representation of the image;

wherein the processor can define the initiation of the release.

The processor can also define the hold time of the release of the ink of each print head

nozzle.

The control system undertaking the individual control instructions can be performed
by a plurality of logic semiconductor controllers without requirement for a processor

in the printing stage.



10

15

20

25

30

WO 2008/052257 PCT/AU2007/001644

The control system can include a means for supplying a step voltage for controlling
the initiation of the release and a means for maintaining a hold voltage for controlling

the length of the time of the release in order to print a required dot size.

The system can include a plurality of linear arrays of print head nozzles wherein the
plurality of linear arrays can be arranged relative to each in a predefined arrangement
such that the processor for defining a plurality of instructions for the control system to
individually control the release of the ink of each print head nozzle according to an
image can determine and provide a set of individual print control instructions for
individually controlling the plurality of linear arrays of dot image print head nozzles
to form the print image taking into account the relative position of the plurality of

linear arrays.

In one form the plurality of linear arrays are offset to each other to allow relative close

spacing of the arrays.

Preferably the plurality of linear arrays do not overlap each other and together can

form an image of a size greater than one linear array.

The nozzles of the plurality of linear arrays can be spaced relative to each other to

continue the same resolution of the linear path of one linear array to another.

It can be seen that the system of the invention allows the control of the absolute
position of drop on demand dot position in at least one axis but can also provide
substantial control of the position of drop on demand dot position in intersecting axis.
The result is the capability of high resolution printing and the printing of a complex
greyscale image and the printing of colour image which all are now possible by means

of the drop on demand printing system of the invention.

It can therefore be seen that the system of the invention with the Print Engine Module,
does not have speed limitations until you reach very high speeds. These speeds need

to reach equal or greater than 4m/s. The system is also generating at these speeds
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with up to 64 dot height characters and is not limited to 32 high. When the system is
networked, the heights of the characters become much greater. For example if there is

two system networked, you have the potential to produce a character of 128 dots, etc

Further the system does not have the same print speed limitations. Once the printer
processor has rendered the print job it is passed to the logic based print driver. Since
the print driver is logic based and each jet is handled as an individual, the system can

uniquely achieve print speeds in excess of 10m/s.

In the system the processor is doing more of a supervisory role. Once the print is
generated the processor has no more involvement in placing the dots. This
information is passed to the high speed logic core which interrogates signals from the
speed pulse encoder and print triggers. With this information the high speed logic can
place the dots (to form the character and/or graphic images) independent of the
processor and allows the processor to continue with other housekeeping items. By
using this method the system has the unique capability to ensure that both the size and
position of each individual dot is correct and will not change in size or position

depending on processor loading.

The system has the unique capability to print very complex characters, shapes and
pictures. This is due to the method of control developed in the system has over each

individual jet and the print generation method that the system uses.

Also in accordance with the invention there is provided a way that the system
“discovers” the connected nozzles on the system and the type of nozzle/printhead that
are connected. Presently, the current systems in the market either do not interrogate
the connected print heads or they perform a simple loop back in the cables. The loop
backs do not detect the printhead itself it detects via voltage the cable type and there
assumes the type of printhead connected. Our system will do a combination of two

functions.

Firstly a small voltage is applied on the nozzle itself and then reads the voltage

coming back to work out the resistance. This reveals that the system has a printhead
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connected and whether the printhead connected is 12 or 24V,

The next step will be the system to undertake an impedance check. This is done to
determine the print head type and cable length. A fixed frequency is passed down to
the jet of 3.3 volts. The system then converts the frequency from the print head back
to a voltage and then samples it. This information is used in a look up table to
determine the print head type and what dot size adjustments need to be made. This
information is used to determine the cable impedance and the jet impedance to adjust
the dot size that this jet will be printing and adjust the dot size timing to give us a
consistent dot size regardless of the cable type and length attached. The known prior
art systems have to limit the cable length from the controller because over distance

they loose control of the dot size.

In addition another development is that currently ink can dry out in the nozzles when
the printhead has not printed for a period of time. In the industry this is referred to as
“Head Open Time”. The result is typically the first print performed by a particular
print head in an array after a time is poor print quality at the start of the message. To
overcome this, if the jet has not been fired for a extended period of time the system
will allow for the drying in the nozzles by timing idle time of the jet since it was last
fired. The system will then calculate if the dot size needs to be increased to increase

ink flow pressure to unblock the print head nozzle.

The system can now manage the individual nozzle head open time and compensate for
the individual dot sizes regardless of when they are required to print in the message.
Basically the longer each nozzle does not print; the new system has the capability to
extend the firing of each individual nozzle (up to a certain value) for a longer period
to ensure the appropriate dot size is achieved. No current system has this capability.
Typically a system will increase the dot size at the start of the message for all the
nozzles that are required to print only. Therefore nozzles that do not print, have the

blocking issue.

The system can also determine if it is safe to print a given dot. In conventional DOD

systems the DOD printer will print a dot every time it is instructed to. This is fine for
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low speed printing, but as the print speed increases there is a possibility for a dot to be
printer while it is still printing a dot. When this happens the conventional printers will
reactivate the same jet (issuing a new step drive over the already active jet). If this is
happening continuously it will destroy the jet dew to it being over driven. This is not
the case with this system. Whilst it is printing the system checks to see it is safe to
print the next dot. This is done by checking to see if it is currently printing a dot on
the selected jet and if another dot is requested then the system will deem it not safe to

drop the dot and it will be removed from the print buffer.

Brief Description of the Drawings

In order that the invention can be more readily understood an embodiment will be
shown by way of illustration only with reference to the drawings wherein:

Figure 1 is a diagrammatic overview of the operational components of the
coding and marking printing system in accordance with an embodiment of the
invention;

Figure 2 is a diagrammatic overview of the printer hardware in accordance
with an embodiment of the invention;

Figure 3 is a diagrammatic overview of the print module logic core of Figure 1
controlling the print head jets in accordance with an embodiment of the invention

Figure 4 is a diagrammatic overview of the encoder system of the printer
system of Figure 1 in accordance with an embodiment of the invention

Figure 5 is a diagrammatic overview of the photo eye interface of the printer
system of Figure 1 in accordance with an embodiment of the invention

Figure 6 is a diagrammatic overview of the jet control of the printer system of
Figure 1 in accordance with an embodiment of the invention

Figure 7 is a diagrammatic overview of the drive interface of the printer
system of Figure 1 in accordance with an embodiment of the invention

Figure 8 is a diagrammatic overview of the bit stream interface of the printer
system of Figure 1 in accordance with an embodiment of the invention

Figure 9 and 10 is a diagrammatic view of the general system of control and
the print head control signal used in the printer logic core controlling the printhead
jets and comprising a step voltage followed by a hold voltage;

Figures 11, 12 and 13 are diagrammatic views of printing results using
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multiple print heads in the system of an embodiment of the invention in comparison
with other multiple head systems;

Figures 14 are diagrammatic views of printing results using 2 print heads in
the Y axis to improve print head resolution;

Figures 15 are diagrammatic views of printing results using 2 print heads in
the X axis to improve print speed and print head performance;

Figures 16 and 17 are diagrammatic views of printing results using multiple
print heads in the system of an embodiment of the invention in comparison with other
image render or vector render matrix alignment systems;

Figure 18 is a diagrammatic view of an example of a result of the print

generation system of an embodiment of the invention using a DOD print system;

Description of Preferred Embodiment of the Invention

Referring to the drawing there is shown in Figure 1 a drop on demand printing system
which includes a plurality of print head nozzles for drop on demand printing and
connectable to an ink feed. These print head nozzles are connected to the jet bank
interface. The system further has a control system for controlling the release of the
ink by the print head nozzles connected to the jet bank interface. This control system
includes encoder, and printer logic core having core printer functions, which through
the jet drive interface communicate with the jet bank interface to drive the print head
nozzles. The printer logic core of the control system includes a data address interface
that receives a plurality of instructions from a processor (CPU) for defining a plurality
of instructions for the control system to individually control the release of the ink of
each print head nozzle according to an image and a determined dot formation
representation of the image wherein the processor can control the initiation of the

release and the time of the release of the ink of each print head nozzle.

In Figure 2 there is shown an over view of the control unit and its logic core. The
host interface allows the CPU to access all of the control registers. These registers

control all of the printer’s functions. The host interfaces are as follows:-

e Encoder Interface (x M, where M is the number of required Encoder / PE

interfaces required )
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o Set the encoder wheel size (in 0.01mm resolution)
o Set the encoder pulses pre revolution
o Set which jet bank will be using the pulse information from the given

encoder input

e Photo Eye interface (x M, where M is the number of required Encoder / PE
interfaces required)
o Set which jet bank will be using the pulse information from the given

PE input

e Jet Bank Interface (x N/16, where N is the number of Jets required)
o Set the jet step time (in 10uS increments )
o Setthe Voltage requirements for the given bank of jets

o Set the ink and solvent selection settings

e DMA interface
o DMA Timing Control
o DMA Memory Access Settings

o Interrupt Interface

o Enabling and Disabling of the Jet Interrupts

The system of the invention uniquely drives the jets differently to any DOD print
controller and/or DOD controlling system by:

e The Voltage for the Hold and Step can be changed
e Adjustable timing for both the Hold and Step voltages

The Voltages that can be selected are based on the two common voltages used in the
DOD solenoid based printing technologies. These voltages are the step voltage,
which can be selected between 24 Volts and 12 Volts, and the hold voltage, based on
the step voltage selected. If the step voltage is 24 volts then the hold voltage is 6
volts, otherwise if the Step voltage is 12 volts then the hold voltage is 4 volts.
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Although the signals for the jet drive interface can be left on indefinitely, this will
cause detrimental damage to the plunger / valve / solenoid. For this reason, the
system has limited the signal timings to the step timing have been limited to run
between 10uS to 350pS. This allows for ample time for the plunger / valve / solenoid
to open and not cause any damage. Also the hold timing has been limited to a
maximum of 5120puS. This allows for the largest possible dot size for this type of
printing technology. These timings are maintained regardless whether the CPU
controlling the printing is functioning or not. The Logic / Circuit cannot physically
drive these signals any longer than the above timings and run independent of the
Controlling CPU. These technologies can be driven for longer periods of time, but
doing this has no advantage as the consequence will be the possibility of damaging

both the drive circuitry and the print head.

By the system the hold time can be different for each dot that is placed. By varying
the timing for the hold voltage you increase the size of the dot printed. Since the
system can uniquely adjust the hold timing for each dot placed, the system can
uniquely produce greyscale print in varying the bold print without printing two dots
sequentially; which is the current method of producing bold print on existing DOD

systems.

The current DOD Print Controllers and/or DOD controlling systems fix a dot size for
an entire message selected to print. This means that for all of the nozzles on the print
heads attached to the printer control unit, they all must run with the same dot size for
the entire message. Unfortunately this means that it is impossible to produce a
greyscale print and if you want to print a bold section of print you need to print two
dots one after the other, this will stretch the word, image or object that is being

printed.

With the drive circuit of the system of the invention, it allows the system to drive each
dot with a different dot size. This overcomes the issue of bold printing and allows the
flexibility to change the boldness of print for each individual nozzle, which provides

the unique capability of greyscale printing, basic shadowing, etc, on a DOD system.
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The system drives the plunger / valves / solenoids not in Column placement but in
Absolute Dot Placement. That is, the system uniquely controls each row of jets
individually and as each is driven independently from each other the spacing is no

longer a concern.

The current DOD Print Controllers and/or DOD controlling systems print in what is
referred to as column based print generation. This methodology is fine if you only
require a dot matrix print and that each print head connected is mounted at 100% of
its print height. However, if the print head is not mounted at 100% print height, in a

tilted or slanted angle, the system can introduce a wave in the print.

For example, a current DOD system with a 16 valve print head, with a dot pitch
(distance from the centre of a jet to the centre of the next jet) of 4mm with a print
spacing of 0.8mm and a print height of 25% (this is not a worst cast situation) you

would have the following % of Error in print alignment:

Jet X Spacing % Error
Number Position Error (mm)
_(m)

I 0.0 0 0.0
2 1.5 0.1 1.1
3 3.1 02 2.2
4 4.6 0.3 3.2
5 6.1 0.3 4.3
6 7.7 0.4 5.4
7 9.2 0.5 6.5
8 10.7 0.4 4.9
9 122 0.3 3.8
10 13.8 0.2 2.8
11 15.3 0.1 1.7
12 16.8 0.0 0.6
13 18.4 0.0 0.5
14 20.0 0.1 1.6
15 214 0.2 2.7
16 23.0 0.3 3.7
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The errors that are introduced into the printing will vary depending on the print height
and spacing. In general you will not see the wave in the print until you have a dot
shift around 0.5mm. Also the dot size that is being used can also mask this issue.
(Le. the larger the dot size, the more the ink will bleed into the substrate.), which

makes the dots touch thereby lessening the issue but not removing it.

The system can uniquely vary each individual dot placement from about 0.01mm to
in-excess of 100m dependent on required scaling. During the high speed logic print
generation stage the system calculates the position of each dot at the required
resolution and can place them to that accuracy. The resolution that is typically used is
0.01mm, but this can be changes to a smaller / larger resolution depending on the print
head technology that is being used. This accuracy can only be achieved if the system

has the correct pulse encoder attached to it.

The current DOD Print Controllers and/or DOD controlling systems can print a single
job across multiple control units. However, these systems do not maintain the aspect

ratio of the generated print.

Referring to Figures 5, 6 and 7, the printer system of the present invention can print a
single print job across multiple control units. The print generation is not limited to
having characters starting and finishing on the same control unit. The objects can be
split and the system will still maintain the aspect ratio of the generated print. Since
the printers in the network each know what print heads are attached to them and their
position in relation to each other print head, the system has the unique capability, due
to the high speed logic, to work out what part of the current format relates to which

print head and generated the print accordingly.

Figure 5 represents the unique difference between a standard DOD print generation
and the print generation of the current system of the invention. The current system
can calculate and compensate for the predefined offset print head positions and
therefore it is able to continue the line being printed and the line does not have any

shifting (as the standard DOD). The standard DOD printers do not use print head
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position information in the print generation, so when they are printing across multiple

systems they cannot maintain the aspect ratio of what is being print and shift the print.

This can only be achieved if the printers are on the same network and are given the

same print information to generate.

Standard DOD control units can only deal with print heads stacked on top of each
other and these print heads must all have the same angle. For example, a current
DOD system with two 16 valve print heads connected to a standard 32 valve DOD
controller, the system would have to have the first jet from each print head sitting
above each other. This limits the angle that you can have the print heads on due to the

size constraints of the print heads.

The DOD system can uniquely control the exact position of each connected printhead
as well as having the unique capability of placing the print heads on various angles
The system is also not constrained to a single print head type per system. This is
particularly shown on the left side of Figure 7 where the plurality of linear arrays of
print head nozzles are at differing angles to each other but the resultant image can be

printed across all of the arrays.

Referring to Figure 8 there is shown the encoder interface of the control unit, which
allows the printer’s logic core to access up to M (Where M is the number of PE /
Encoder interfaces required) independent rotary encoders. Typicaly the system has 4
encoder interfaces, each of these encoders can have unique settings associated to them
and also be configured to interact with one or more jet banks. The encoder interface

is broken up into 5 individual stages.

Firstly the system has the ability to set the direction of the attached encoder. This is

to allow for standard wiring and mounting of the encoders.

Secondly there is provided encoder filter, error detection and synchronisation. In this
section the “A” and “B” channels of encoder are synchronised with the systems 100

MHz clock. Once this is done the channels Phase and levels are check to ensure that
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the signals are valid. If the signals are not valid the system will then flag an encoder
error and state what the error was. If the signals are valid then they are passed onto

the rollback module

Thirdly there is an encoder rollback module, which has the ability to track the
direction of the encoder movement and allow for the system to roll in the reverse
direction and not affect the print. After the rollback module has determined the
direction of travel it preforms a x4 multiplier on the encoder pulses. This is done to
improve accuracy for the encoder pulses that are running through the system. The
system does this be looking at the phase difference between the “A” and “B” channel.
Since the two channels are 90° out of phase we can synthesize a pulse for each (four)
state changes. The rollback module then takes this modified signal and checks to see
if the encoder has rolled in the reverse direction. If it has rolled in the reverse
direction, the module will start to count the distance that has been travelled backwards
and stops passing out encoder pulses. Once the encoder travels in the forwards from
travelling in the reverse direction, the rollback module will start to decrement the
distance that was travelled until it reaches the point it started travelling backwards. If
the rollback counter is zero the rollback module will start passing encoder pulses out

again.

Fourthly there is provided a scaler. The system scales the encoder pulses to produce a
pulse that happens once every about 0.01mm or other scale as required. This is done
using the encoder pulses per revolution and the encoder distance per revolution

information passed to the encoder module.

Fifthly an encoder output multiplexer allows the scaled encoder information to be

routed into one or many jet banks.

Referring to Figure 9 there is a jet bank interface controls 16 of the Jet Drive
interfaces, enables and sets the voltages for the connected print heads. The jet bank
interface also produces the step voltage required to run the ink and solvent solenoids.
An ink and solvent selection module allows the printer to select between the ink and

solvent solenoids in the print heads. When the solenoid is activated a step voltage is
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produced. The hold time for the step voltage can be specified and adjusted if
required. A voltage selection allows the print engine to turn off a given print head if it
is not required. This module can also select between 24 volt and 12 volt technology.
During the print head detection stage of the power up sequence, the 3.3 volt output is

selected.

Referring to Figure 10 the jet drive interface is where all of the work is done. This
module is broken up into 3 major parts of an offset module, a position and FIFO

control and a jet drive.

The offset control allows for the initial position offset for. the start of the print
message (allowing for print head angle and distance from the PE). Once the offset
distance has elapsed it passes control to the position and FIFO control module. The
offset control module then waits until the position control module has finished the

current print job and instructs it to start the offset process again.

Once the offset control has taken care of the initial print offset, the position and FIFO
control takes over for the rest of the given print job. This module will pop the next
position and dot size information off the jet bank’s FIFO. Once it has the new
information it will wait until the specified distance has elapsed. The module tells the
Jet drive that it needs to place a dot and also passes the dot size that needs to be
placed. Once it has started the placement of the current dot, it will pop of the next
position and start waiting for the distance to elapse. This process will continue until
the entire print job is completed. When the print job is completed it will pass control

back to the offset control module

The jet drive produces the step voltage required to place the dot, it also has the ability
to change the dot size if it deems it is necessary. The way the system determines that

it is necessary to change the dot size is based on the following things:-

e During the print head detection stage the system tests for
o Print head resistance

o Print head impedance
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With these two pieces of information the system can increase or decrease the
dot size for a given dot. If the resistance and impedance values are used in an
internal look up table to work out how much the jet needs to be changed by to

produce a consistent dot.

By doing this we can allow for standard wear and tear on the print head, cable

length and still be able to maintain a consistent dot across all of the jets.

o Ifthe jet has not been fired for a extended period of time the system will allow
for the drying of the in the nozzles this is done by timing the time from the last
time the jet was fired to the next time it is fired. The system will then

calculate if the dot size needs to be increased.

The jet drive is also controlling the automated jet flush tasks. When the system is not
printing a print job, the mode of the jet drive can be changed to run an automated
flush. The automated flush uses three timing values. These are: - Jet step, Jet hold
and Jet dead time. The jet step and jet hold timings are used to produce the standard
step pulse, but the jet dead time is use to set the time delay between the firing the next

dot. The automated flush will run continuously until it is instructed to turn off.

The jet detection drive system is also located the jet drive module. The detection cct

(circuit) uses two methods to work out what print head is attached to the system.

The first method is to preform a resistance check. With this check we can detect if the
head is a 12 volt or 24 volt print head. This is done by passing a current limited short
3.3 volt pulse into the jet that is being tested. The voltage that is being applied to the
jet will not have enough current to allow the jet to fire a dot, but be enough to let the
system read solenoid’s resistance. Once this is done the system will read back the

voltage. This is compared to a table of voltages and the print head is then determined.

The second method is an impedance check. This is done to determine the print head
type and cable length. This information is used to adjust the dot size that this jet will
be printing. A fixed frequency is passed down to the jet of 3.3 volts. The frequency
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that is passed at 3.3 volts is also current limited to ensure that the jet will not fire a
dot, but will have enough current to enable the system to read back the coil reactance
voltage. The system then samples the voltage that is across the solenoid. This
information is used in a look up table to determine the print head type and what dot

size adjustments need to be made.

During the testing stage the system also checks to see if any of the jets have the ability
to function correctly. This is determined by the solenoid’s resistance and impedance.
If the resistance or impedance values that are read back are out side a given set of
bounds the jet will be deemed faulty. If it finds a jet that is damaged it will flag a

system warning and tell the operator that the print head needs some attention.

Referring to Figure 11 the PE interface allows the logic core to access up to M
(Where M is the number of PE / Encoder interfaces required) independent PE triggers.
Typically the system has 4 PE interfaces and these triggers can be routed into any of
the N/16 (Where N is the number of jets in the given system) jet banks. The
Synchronisation section of the PE interface allows us to synchronise the PE signals up
with the 100 MHz system clock. As the PE signal comes into the system they are run
through a “Double Buffer” and this buffer is used to remove all of the possible glitch
signals and synchronises it to the system clock. The PE Output Multiplexer allows

the pass the synchronised PE information into one or many jet banks.

With reference to figures 14 and 15 an important aspect to obtain printing at required
resolution is to undertake rendering at required resolution. By the present system this
can be at different resolution for different parts of the same image such as shown in

Figure 16.

With Bitmap Text, when rendering the bitmapped text the system loads up a specific
graphic that represents a character. This character has already been pre-sized. Then
rendering engine then scans through the image and with no alteration or reprocessing
of it adds it to the print buffer. In this mode the rendering engine does not take into
account the jet position in either the X or Y plane. The only variables that it uses

when doing this generation method is the DPI (Dots per inch) and Darkness, which
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are both user specified. Each Character or Character string can have a different DPI

associated with it as well as a different darkness / Dot size.

The System has a set of pre-defined character sizes. These are :- (Width X Height in
dots)

o 5x5

o 7x5

o 97

o 14x11

o 1le6xl11

o 21x17

o 32x23

Note: Extra sizes can be added at any time.

With Vector Text, when rendering the Vector based characters, the system will load a
font file. In this font file the system has access to character arrays that contain > 1000
vector points (required to draw large high resolution characters) per character. Once
the desired character is loaded the rendering engine will perform the following: -

1. The system then calculates the character height. This is based on the print
heads angle and DPI requirements.

2. The rendering engine will then scale the vector character to fit the given
character height calculated.

3. The rendering engine will then scan the vector arrays using vector
interference to work out all of the intersect points for each of the jet
positions.

4. Once all of the interference points are found the rendering engine will then
take those points and fill back space where required between them at the

given DPI / Darkness requested and add the information to the print buffer.
When the rendering engine renders in this mode it will maintain the aspect ratio of

each character generated and allows for gaps in the print and different print head

technologies being used.
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Since this method is based on an array of positions it takes advantage of the absolute
dot positioning of the print engine and does not try in any way to make the print
conform to a matrix. Each row of jets is handled individually from each other and the

system allows for a 0.01lmm dot resolution / dot shift.

With Smoothed Bitmap Text rendering, the system loads a pre-generated character.
This character must be of sufficient resolution so when the system scales the image it
does not distort. The rendering engine will perform the following: -
1. The system then calculates the character height. This is based on the print
heads angle and DPI requirements.
2. The rendering engine will then scale the character to fit the given character
height calculated.
3. The rendering engine will then scan the image using interference detection
to work out all of the intersect points for each of the jet positions.
4. Once all of the interference points are found the rendering engine will then
take those points and fill back space where required between them at the

given DPI/ Darkness requested and add the information to the print buffer.

When the rendering engine renders in this mode it will maintain the aspect ratio of
each character generated and allows for gaps in the print and different print head

technologies being used.

Since this method is based on an array of positions it takes advantage of the absolute
dot positioning of the print engine and does not try in any way to make the print
conform to a matrix. Each row of jets is handled individually from each other and the

system allows for a 0.01mm dot resolution / dot shift.

When rendering a bitmapped picture then system loads the specified image. This
image is then scaled across the selected number of jets. When the image is scaled the
system will ensure that the aspect ratio is maintained. Once the image is prepared the
system will perfbrm the following: -

1. The image will be sliced up into the number of jets. When this is done the

rendering engine will vary the size of the slice depending on the print head
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angle and DPI requirements.

2. The rendering engine will then scan along each slice calculating the average
color for each of the vertical segments and convert it to gray scale.

3. Once the average colors are found then the rendering engine will then scan
along the segment and find the start and end of each shade of gray and add

the appropriate information to the print buffer.

This mode of generation still conforms to the matrix alignment method, but adds gray

scale shading to the printed image.

When rendering a smoothed bitmapped picture then system loads the specified image.
This image is then scaled across the selected number of jets. When the image is
scaled the system will ensure that the aspect ratio is maintained. Once the image is
prepared the system will perform the following: -

1. The image will be sliced up into the number of jets. When this is done the
rendering engine will vary the size of the slice depending on the print head
angle and DPI requirements.

2. The rendering engine will then scan along each slice calculating the average
color for each of the vertical segments and convert it to gray scale.

3. Once the average colors are found then the rendering engine will then scan
along the segment and find the start and end of each shade of gray and add
the appropriate information to the print buffer.

This mode of generation still conforms to the absolute positioning alignment method.

Using this method each object that is being rendered by the system can be rendered
with a different Resolution / DPI. This allows the system to uniquely adjust each
printed object to optimize its appearance and quality. Given that the system is
accurate down 0.01mm in the X axis the system can have the DPI set up to a value >
2500. When the system has been setup with interlaced print heads in the Y axis we
can also achieve much higher resolutions and are not longer restricted by print head

angles and print head mechanical sizes. This improves printed picture quality.
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It should be understood that the above description is of a preferred embodiment and
included as illustration only. It is not limiting of the invention. Clearly a person
skilled in the art without any inventiveness would understand variations of the drop on

demand printing system and such variations are included within the scope of this

invention as defined in the following claims.
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CLAIMS

1.

A controller for a coding and marking printing system using a plurality of print
heads for printing, the controller including a print drive interface connectable
to the print heads and a control system for receiving a rendered image and
connected to the print drive interface for controlling the print heads;

wherein the control system has a plurality of instructions to individually
control each print head according to an inputted rendered image and a

determined dot formation representation of the rendered image.

A controller for a coding and marking printing system according to claim 1
wherein the control system includes encoder, and printer logic core having
core printer functions, which through a jet drive interface communicate with

the jet bank interface to drive the print heads.

A controller for a coding and marking printing system according to claim 1 or
2 wherein the control system determines defined print instructions using
absolute positioning of dots in at least one direction and substantially only
limited by the size of the dots thereby allowing for controlling of position of

dots anywhere along the at least one direction of the print lines.

A controller for a coding and marking printing system according to any one of
the preceding claims wherein the control system determines defined print
instructions for interlaced print heads in at least one direction whereby the
absolute positioning of dots is undertaken by any one of the interlaced print
heads in at least one direction and substantially only limited by the size of the
dots thereby allowing for controlling of position of dots anywhere along the at

least one direction of the print lines.

A controller for a coding and marking printing system according to any one of
the preceding claims wherein the control system determines absolute
positioning of dots and if two individual dot position instructions overlap
determines to ignore one of the individual dot position instruction whereby

avoiding dot smudge or print head damage.
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10.

11

12.
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A controller for a coding and marking printing system according to any one of
the preceding claims wherein the printer logic core of the control system
includes a data address interface that receives a plurality of instructions from
control system, wherein the processor controls the initiation and the time of

action of each print head.

A controller for a coding and marking printing system according to any one of
the preceding claims wherein the control system drives the print heads by a
step voltage over a predefined step timing and a respective hold voltage over a
determined hold timing dependent on the respective dot portion of the

determined dot formation representation of the inputted rendered image.

A controller for a coding and marking printing system according to any one of
the preceding claims wherein the step timing has an effective predetermined

range to allow print head operation without possible damage.

A controller for a coding and marking printing system according to claim 8
wherein the step timing has an effective predetermined range to allow print

head operation without possible damage.

A controller for a coding and marking printing system according to claim 8 or

9 wherein the hold timing has an effective predetermined range to allow print

‘head operation to required range of dot size formation without possible

damage.

. A controller for a coding and marking printing system according to any one of

the preceding claims wherein the control system and the print drive interface
are on a defined digital means for at least a rendered image such as on a FPGA
(field programmable gate array) an OTP, ASIC or other hard copy silicon
chip.

A method of coding and marking printing including the steps of:

a. defining a print image in dot formation of various sizes and locations;
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13.

14.

15.

16.

17.

b. determining and providing a set of individual print control instructions
for individually controlling a plurality of dot image print head nozzles
to form the defined print image; and

c. undertaking the individual control instructions to provide a printed
image on a printing substrate corresponding to the defined print image,

whereby the system allows for calculated adjustment of each dot position

without computational limitation during the printing cycle.

A method of coding and marking printing according to claim 12 including
undertaking the rendering of the image at defining of the print image and the
determining and providing of a set of individual print control instructions

separately.

A method of coding and marking printing according to claim 12 including
undertaking the defining of the print image at defined resolution of rendering

and/ defined resolution of image printing for any part of the image.

A method of coding and marking printing according to claim 12 including
undertaking the defining of the print image and the determining and providing
of a set of individual print control instructions before the beginning of the

undertaking of the individual control instructions.

A method of coding and marking printing according to claim 12, 13 or 14
wherein the definition of the print image is in final form and the step of
determining and providing a set of individual print control instructions
includes consideration of relative positioning of dot image print head nozzles
and relative movement of dot image print head nozzles to the printing

substrate.

A method of coding and marking printing according to any one of claims 12 to
16 wherein the print image is defined using absolute positioning of dots in at
least one direction and substantially only limited by the size of the dots

thereby allowing for definition of position of dots anywhere along the X-axis
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18.

19.

20.

21.

22.

23.

24.

of the print lines.

A method of coding and marking printing according to any one of claims 12 to
17 wherein the determining and provision of a set of individual print control
instructions is such that no processing is required for the undertaking of the

individual control instructions.

A method of coding and marking printing according to any one of claims 12 to
18 wherein the print image is defined by vector graphics, vector fonts and

scaled bitmaps / images.

A method of coding and marking printing according to any one of claims 12 to
19 including rendering the image or character as required and the
computational definition of each dot point is separately taken into
consideration with the initial errors or individual compensation whereby no

cumulative errors occur during the printing cycle.

A method of coding and marking printing according to any one of claims 12 to
20 wherein the individual print control instructions include for each defined

dot formation an instruction for a logic controlled print head nozzle.

A method of coding and marking printing according to any one of claims 12 to
21 wherein the individual print control instructions includes consideration of
the plurality of dot image print head nozzles being in a fixed array and the

provision of relative movement of the fixed array to the printing substrate.

A method of coding and marking printing according to any one of claims 12 to
22 wherein the individual print control instructions includes for each defined
dot formation a definition of location determined by a fixed time according to
position of the dot image print head nozzles and the speed of relative

movement of the fixed array to the printing substrate.

A method of coding and marking printing according to any one of claims 12 to
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25.

26.

27.

28.

29.

30.

23 wherein the system particularly can take into account the angle of the print
head which is undertaken for resolution requirements in the Y axis and for
character height and instead of requiring the image to be rendered in a similar
leaning manner is rendered in normal view and the dot position calculated
separately for each dot taking into consideration the initial print head nozzle

offset.

A method of coding and marking printing according to any one of claims 12 to
24 wherein the individual print control instructions include for each defined
dot formation a definition of size of dot to be printed and due to the
availability of changing size of dot and being able to allow the next dot to be
positioned and the required spaced position rather than at a predefined
resolution spacing providing for a detailed and realistic rendering of the

printed image or character.

A method of coding and marking printing according to any one of claims 12 to
25 wherein the individual print control instructions includes for each defined
dot formation an initiation signal for initiating the release of ink released from

any one of a plurality of print head nozzles connected to an ink feed.

A method of coding and marking printing according to any one of claims 12 to
26 wherein the control signal further provide a hold signal for continuing the
release of ink released from any one or more of the plurality of print head

nozzles.

A method of coding and marking printing according to any one of claims 12 to

27 wherein the initiation signal is a step voltage.

A method of coding and marking printing according to any one of claims 12 to
28 wherein the hold signal is a controlled hold voltage at a lower voltage than

the step voltage.

A method of coding and marking printing according to any one of claims 12 to
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31

32.

33.

34.

35.

36.

37.

29 wherein the individual print control instructions includes for each defined
dot formation a dot formation control signal for controlling the manner of
release of ink released from any one of a plurality of print head nozzles

connected to an ink feed.

A method of coding and marking printing according to any one of claims 12 to

30 wherein the dot formation control signal is to shape the dot formed.

A method of coding and marking printing according to any one of claims 12 to
31 wherein the dot formation control signal is to control a pulse width

modulated controlled print head nozzle.

A method of coding and marking printing according to any one of claims 12 to
32 wherein the dot formation control signal is to control a frequency based

controlled print head nozzle.

A method of coding and marking printing according to any one of claims 12 to
33 wherein the dot formation control signal is to control a bit stream

controlled print head nozzle

A method of coding and marking printing according to any one of claims 12 to
34 wherein the method of drop on demand printing includes the step of
placing any one or more of plurality of print head nozzles at a predefined

relative position to the printing substrate.

A method of coding and marking printing according to any one of claims 12 to
35 wherein the predefined relative position of print head nozzles to the
printing substrate is an absolute position in at least one direction and a position

determined by the spacing of print head nozzles in a transverse direction.

A method of coding and marking printing according to any one of claims 12 to
36 wherein the step of placing any one or more of plurality of print head

nozzles at a predefined relative position to the printing substrate includes
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38.

39.

40.

41.

42.

arranging the print head nozzles in a linear array and moving a printing
substrate relative to the linear array such that a pathway set of parallel linear
lines occurs with the spacing of dots determined over a continuous range along
the linear pathways and spaced according to the spacing of the print head

nozzles in the array.

A method of coding and marking printing according to any one of claims 12 to
37 wherein adjustment of position along the linear pathways is determined in
consideration of the relative speed of the printing substrate to the array of print

head nozzles.

A method of coding and marking printing according to any one of claims 12 to
38 wherein adjustment of the relative spacing of the linear pathways is defined
by the distance of the print head nozzles in the array and the angle of the linear

array relative to the direction of movement of the printing substrate.

A method of coding and marking printing according to any one of claims 12 to
39 wherein the plurality of linear arrays of print head nozzles is overlapping
and the determining and providing a set of individual print control instructions
for individually controlling a plurality of dot image print head nozzles to form
the print image can take into account the particular print head nozzle to
undertake the printing and the particular related offset calculation required in

the rendering process.

A method of coding and marking printing according to any one of claims 12 to
40 wherein overlapping allows for the creation of unlimited size image or
character and allows resolution to be substantially unrestricted in the Y- axis
and if there is a resolution limitation of a first set of linear array of nozzles the
overlapping linear array is offset and thereby bisect the continuous X axis

print line and thereby double the resolution in the Y-axis.

A method of coding and marking printing according to any one of claims 12 to

41 wherein the use of overlapping arrays of print head nozzles also
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particularly allows DOD to be used for three-colour printing and overcomes

the alignment problems of reprinting over a first print colour.

43. A drop on demand printing system including:

a. a plurality of print head nozzles for drop on demand printing and
connectable to an ink feed;

b. a control system for controlling the release of the ink by the print head
nozzles; and

c. a processor for defining a plurality of instructions for the control
system to individually control the release of the ink of each print head
nozzle according to an image and a determined dot formation
representation of the image;

wherein the processor can define the initiation of the release.

44. A drop on demand printing system according to claim 43 wherein the
processor can also define the hold time of the release of the ink of each print

head nozzle.

45. A drop on demand printing system according to claim 44 wherein the control
system undertaking the individual control instructions is performed by a
plurality of logic semiconductor controllers without requirement for a

processor in the printing stage.

46. A drop on demand printing system according to claim 43 wherein the control
system includes a means for supplying a step voltage for controlling the
initiation of the release and a means for maintaining a hold voltage for
controlling the length of the time of the release in order to print a required dot

size.

47. A drop on demand printing system according to claim 43 wherein the system
includes a plurality of linear arrays of print head nozzles wherein the plurality
of linear arrays is arranged relative to each in a predefined arrangement such

that the processor for defining a plurality of instructions for the control system
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48.

49.

50.

51.

52.

53.

54.

PCT/AU2007/001644

to individually control the release of the ink of each print head nozzle
according to an image can determine and provide a set of individual print
control instructions for individually controlling the plurality of linear arrays of
dot image print head nozzles to form the print image taking into account the

relative position of the plurality of linear arrays.

A drop on demand printing system according to claim 43 wherein the plurality
of linear arrays are offset to each other to allow relative close spacing of the

arrays.

A drop on demand printing system according to claim 43 wherein the plurality
of linear arrays do not overlap each other and together can form an image of a

size greater than one linear array.

A drop on demand printing system according to claim 43 wherein the nozzles
of the plurality of linear arrays are spaced relative to each other to continue the

same resolution of the linear path of one linear array to another.

A drop on demand printing system according to claim 43 wherein the system
of the invention allows the control of the absolute position of drop on demand
dot position in at least one axis but can also provide substantial control of the
position of drop on demand dot position in intersecting axis and whereby the
result is the capability of high resolution printing and the printing of a complex

greyscale image and the printing of colour image.

A drop on demand printing system according to claim 43 wherein the print
engine module, does not have speed limitations until you reach speeds need

equal or greater than 4m/s.

A drop on demand printing system according to claim 43 wherein the system

is generating at speeds up to 4m/s with up to 64 dot height characters.

A drop on demand printing system according to claim 43 wherein the system
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55.

56.

57.

58.

is networked to provide increase heights of the characters.

A drop on demand printing system according to claim 43 wherein once the
printer processor has rendered the print job it is passed to the logic based print
driver and wherein the print driver is logic based and each jet is handled as an
individual, the system can uniquely achieve print speeds in excess of
10m/swherein the system does not have the same print speed limitations.
Once the printer processor has rendered the print job it is passed to the logic
based print driver. Since the print driver is logic based and each jet is handled
as an individual, the system can uniquely achieve print speeds in excess of
10m/s.

A method of drop on demand printing according to claim 43 including the
steps of:

a. once the print is generated the processor has no more involvement in
placing the dots,

b. the information is passed to the high speed logic core which
interrogates signals from the speed pulse encoder and print triggers
and.

c. with this information the high speed logic can place the dots (to form
the character and/or graphic images) independent of the processor and

allows the processor to continue with other housekeeping items.

A method of drop on demand printing according to claim 43 wherein the
system has the unique capability to print very complex characters, shapes and
pictures due to the method of control developed in the system has over each

individual jet and the print generation method that the system uses.

A method of drop on demand printing according to claim 43 wherein there is
provided a way that the system “discovers” the connected nozzles on the
system and the type of nozzle/printhead that are connected and undertake a
combination of two functions:

a. firstly a small voltage is applied on the nozzle itself and then reads the
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59.

60.

voltage coming back to work out the resistance which reveals that the
system has a printhead connected and whether the printhead connected
is 12 or 24V.

b. the next step will be the system to undertake an impedance check to
determine the print head type and cable length.

c. A fixed frequency is passed down to the jet of 3.3 volts.

d. the system then converts the frequency from the print head back to a
voltage and then samples it.

e. this information is used in a look up table to determine the print head
type and what dot size adjustments need to be made.

f. this information is used to determine the cable impedance and the jet
impedance to adjust the dot size that this jet will be printing and adjust
the dot size timing to give us a consistent dot size regardless of the

cable type and length attached.

A method of drop on demand printing according to claim 58 wherein if the jet
has not been fired for a extended period of time the system will allow for the
drying in the nozzles by timing idle time of the jet since it was last fired and
then the system will calculate if the dot size needs to be increased to increase

ink flow pressure to unblock the print head nozzle.

A method of drop on demand printing according to claim 58 or 59 wherein the
system manages the individual nozzle head open time and compensates for the
individual dot sizes regardless of when they are required to print in the
message whereby the longer each nozzle does not print; the new system has
the capability to extend the firing of each individual nozzle (up to a certain

value) for a longer period to ensure the appropriate dot size is achieved.
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AMENDED CLAIMS
received by the International Bureau on 29 February 2008 (29.02.08);

claims 61 to 67 added, remaining claims unchanged.

61. A controller for a coding and marking printing system having a central
processing unit and a controller for driving a plurality of print heads for
printing,

a. the central processing unit for providing a plurality of instructions for
defining a plurality of instructions for the control system to
individually control the release of the ink of each print head nozzle
according to an image and a determined dot formation representation
of the image

b. the controller including a plurality of modules with each module
having a print drive interface connectable to the print heads and a
control system including encoder and printer logic core having core
printer functions, and which through a jet drive interface communicate
with the jet bank interface to drive the print heads wherein the printer
logic core can control the initiation of the release and the time of the
release of the ink of each print head nozzle

wherein the printer logic core receives a rendered image and is connected

to the print drive interface for controlling the print heads such that the

control system initially receives the plurality of instructions of the
rendered image from the central processing unit and individually controls
each print head according to the inpuited rendered image and a determined
dot formation representation of the rendered image by logic and core

printer functions without further recourse to the central processing unit.

62. A coniroller for a coding and marking printing system according to claim 61
wherein the control system determines defined print instructions using
absolute positioning of dots in at least one direction and substantially only
limited by the size of the dots thereby allowing for controlling of position of
dots anywhere along at least one direction of the print lines and wherein the
control system determines defined print instructions for interlaced print heads
in at least one direction whereby the absolute positioning of dots is undertaken

by any one of the interlaced print heads in at least one direction and
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63.

substantially only limited by the size of the dots thereby allowing for
controlling of position of dots anywhere along at least one direction of the
print lines; and wherein the control system determines absolute positioning of
dots and if two individual dot position instructions overlap determines to
ignore one of the individual dot position instruction whereby avoiding dot

smudge or print head damage.

A controller for a coding and marking printing system according to any one of
the preceding claims wherein the printer logic core of the control system
includes a data address interface that receives a plurality of instructions from
control system, for controlling the initiation and the time of action of each
print head; and wherein the control system drives the print heads by a step
voltage over a predefined step timing and a respective hold voltage over a
determined hold timing dependent on the respective dot portion of the

determined dot formation representation of the inputted rendered image.

64. A method of coding and marking printing in¢cluding the steps of:

a. using a central processing unit to undertake, at clock time, a
determination of a rendered image in dot formation of various sizes
and locations and provide data of said rendered image with determined
print instructions;

b. using a plurality of modules having a printer logic core with each
module having a print drive interface connectable to the print heads
and a control system for individually driving its associated print head
according to predefined instructing logic in the logic core on data
received of a rendered image with the determined print instructions;

¢. wherein the control system has a plurality of printer drive instructions
include for each defined dot formation an instruction for the logic
controlled print head nozzle to individually determining and providing
a set of individual print control instructions for individually controlling
a plurality of dot image print head nozzles to form the defined print
image according to the inputted rendered image and a determined dot

formation representation of the rendered image.
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63.

whereby the system allows undertaking of the individual control
instructions to provide a printed image on a printing substrate corresponding to
the defined print image undertaking the defining of the print image; and

wherein the determining and providing of a set of individual print
control instructions is before the beginning of the undertaking of the individual
control instructions and for calculated adjustment of each dot position by the
printer logic core without computational limitation by not requiring
coterminous instructions by the central processing unit during the printing
cycle, and

wherein the print image is defined using absolute positioning of dots in
at least one direction and substantially only limited by the size of the dots
thereby allowing for definition of position of dots anywhere along the X-axis
of the print lines; and

wherein the individual print control instructions include for each
defined dot formation a definition of size of dot to be printed and due to the
availability of changing size of dot and being able to allow the next dot to be
positioned and the required spaced position rather than at a predefined
resolution spacing providing for a detailed and realistic rendering of the

printed image or character,

A method of coding and marking printing according to claim 64 wherein the
method of printing includes the step of placing any one or more of plurality of
print head nozzles at a predefined relative position to the printing substrate
with the predefined relative position of print head nozzles to the printing
substrate is an absolute position in at least one direction and a position
determined by the spacing of print head nozzles in a transverse direction and
wherein the individual print control instructions includes consideration of the
plurality of dot image print head nozzles being in a fixed array and the
provision of relative movement of the fixed array to the printing substrate and
the method particularly can take into account the angle of the print head which
is undertaken for resolution requirements in the Y axis and for character height
and instead of requiring the image to be rendered in a similar leaning manner

is rendered in normal view and the dot position calculated separately for cach
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dot taking into consideration the initial print head nozzle offset.

66. A method of coding and marking printing according to claim 64 or 65

67.

wherein the individual print control instructions includes for each defined dot
formation an initiation signal for initiating the release of ink released from any
one of a plurality of print head nozzles connected to an ink feed and the
control signal further provide a hold signal for continuing the release of ink
released from any one or more of the plurality of print head nozzles; and
wherein the step timing and the hold timing has an effective predetermined
range to allow print head operation to required range of dot size formation

without possible damage

A method of coding and marking printing according to any one of ¢laims 64 to
66 wherein overlapping allows for the creation of unlimited size image or
character and allows resolution to be substantially unrestricted in the Y- axis
and if there is a resolution limitation of a first set of linear array of nozzles the
overlapping linear array is offset and thereby bisect the continuous X axis
print line and thereby double the resolution in the Y-axis; wherein the use of
overlapping arrays of print head nozzles also particularly allows DOD to be
used for three-colour printing and overcomes the alignment problems of
reprinting over a first print colour.

42

AMENDED SHEET (ARTICLE 19)

PCT/AU2007/001644



PCT/AU2007/001644
1/18

WO 2008/052257

| ainbi4

P P e T T L L L LR T R TSN TN P PR A S R S RS AL LR LA A LA LS AR AR AL LA AR A A

E T
' a3 oja

" sisponug jo aquing
W4, uoddns of pageos 39
BT SaspEU] 945 OIoUd BYL

wa b s nusasrabwreicafranronsonas

3
=]
L

Evanraminnivalrdviuntannebrnenbrdarten unbaNar iR RTAsREi TR LY

soeps ]  eiEpoBIE IO BN
wesgs g : S, woddng o) pejEss ey
i | ueoaoeusu sepoouz syl
g
k. A m
j :
I 1 nRas . :
) y . Bt = oyl - h aubu o AUGHRULIOHNS
WD Shea satpa Bg ! mmwu — ! whnwu Wi SIEARIEH : m;:mem 4 aﬁn y o
. . lol wegmpq g ;

PRENpOF] YRR 850 &
paseg Aovarboly e
afigyon paddeyg = !

B Heg s0EBIU) SAU, syal o ssauunta M, votdng oy |

' pajEaE o By JONJOTs FE Sl |

P L T L s T e T S N T LA R AL S LA AR SN S AR LA

oy oo
B8|0po| Uil




PCT/AU2007/001644

Z 9InBi4

N

agEpEL YUBG IR

2/18

a0z} WEANg g

WO 2008/052257

T
SuEELy ‘
asnop rpusoaRey| | SOOI TETRCCSY
[ tesen) >
BoBLlEN| — &
el faepoauy = &
- [ g3
) , £z
=E
e ¥ ) . .S &
HIBHBI] il bl ﬂﬁwkﬁz_ umEB B o
- 3d /$epooud ooHd[H_| BujueiBory |
gy | L vodJ]
v a1d0 =
4% ¥ , 58|
SUBEIUA 28 SN SSRIpPY [ B , g8
g e 82 D e FOFE |
s Ch oy & a9 w
B m = a w. W: |
=2 J B
0 mw |
-1 107
o sEwid
<]
Rl ol afimg
e e Wl DOLD K oW/ Q8 ssay 58N




PCT/AU2007/001644

WO 2008/052257

3/18

¢ ainbi4

A

oupball SE0BSIU] SAT OI0ls {48pO0UT 0 QNN = 1y
paijibey) S0P 0 I = N

sexaIdnInN JepoRIg

IAG N
wY i L)
soeelu] 847 aloud

NOPOBI] IBROIT - = S peeg » —
uonronTY suLppy =
1o soBNd BPOIE @ s deig » o s
- 20po Bty . U
BT JETHA JBPOdT - jagrol Japoaul fnesIAsaeuy b u\
£ -
ageEWANGS - W3 O . —
Tdld #£=1D
BjgeLE Uy« [Elcaer P )
RO A0S £ 3] SRS O3
LK i

se|dngpg saponuy

anEsd ) slgeug ;. .

Oupppod =

sbuples
Bu), preueg

Buyesg
- uopatag
- Hﬂ\ PUE 28314 [EUDIS
FIepeu| Jepoaus

e

oA ¥ UALE

WA GWCAVE -
{UOSB RFIIOAES  »

s

oL Ol

~

aoups) pue
B|umog FdruselY]

BOBJIBIU] SAR 390

sBumes
1uaxag £ 4u)

shiujies sBoion 80

sBupag dois

ooelSI| YuBg Jor

5,014 27 SpOOR(}

sBupsg By viyg - - _
sBuiag ssasisf oy

w!ﬁ@\

BICNNCT YR

20BLIBJU| 1SOH

«——P1Rg—>

<559IPPY—




PCT/AU2007/001644

WO 2008/052257

4/18

¥ @2inbi4

(1o Bunens]

JONU0y) JBPUSUY O
{iong mepooug)
KOS 8o 0 ™
(rouzt pegod) ‘
{007 JPa50T O ™ N) SHLfieg DUl pue.yEg wold
Joua
A 10—
N g Jop o) ———————\ ——
| UOHNIOASY 191 L (et}
: S5 (e JOPOOUT o TOINT D) JEEQOUT WD
. e21g [PoUM Gac)
: iapoalg N TOIRGT JoP0MIT WLy
LuegIap oL 3 ~J S88)Nd L} 8a5(Nd d
" L
l H m W L Ol wershs)
Jjong 1ong BOBLIE] 5} OIS
wio {— 319 ¢ oo
_ ONUDY) JBpouS Wt
{souEzsIa 9EqNOH) Wnos ) ugnosiigy (g [Buueyn)
o sepeaugel — YT | HoRqlioy g jnog uig nog HVA urg Topou Ut
h " 3
‘] s25I0G ury 1oy ury moy ooy e

W) panshas ssoapai)|
1epooug paynbuy O BquunpM X




PCT/AU2007/001644

G ainbi4

5/18

{indu) =5}
1 vjseg yop o :
, by wiesks)
: A2 A ‘ SAByIaN] 150 Wity
Jali pue JNAS dd
: , by [auneL)
H no dd Ul Hef A
findug 34) : , AApoAE R
} juEg I8f OL

WO 2008/052257

(j4) peunbay ssomay |
BA3 olayd peanbay o taguuny X




PCT/AU2007/001644
6/18

WO 2008/052257

9 @Inbl4

YO BN

Jajjauliasy
ucgisad id

L.

11| momenimsun
anvxt’ L

9oBLE] SANT 18T

(uopoeRaiery ] (vomsssioact)
YOAEE BB FEOH WOl

o . (osiag yoa 2l
SEREIeAEE ] A ER WAZL e m_f woly

- HOA %2 HOA ¥2  lowesionvd)

aveBf 1504 tur

oA ZE R R

SIERIL JB0H WO

SORUZ JOA 2

S YON E)

Longsisg BEROA

- G110 SAS PBUPON
(s74) 110 <] QO sas Pl

i (suy daigwenog)
suwiL nmwm SuUREIU 180H Q-

FoH PIOH MITTATc ) S— {10893 JU9MOE)

S2VLBIU] ISOH LUOI

A - -
d=g deng Hy o5 AU}

BIRBIU] 15OH W]
{gLn g SBEPHIUL JUBAIOG /{U
91 pEgang U panbal V\

838" 40 JeqLeny| X

3/4



PCT/AU2007/001644

WO 2008/052257

7/18

(2d) peloey
sjap o Ssgng Y

) 2InBi4

]

PIOH I8P

daigjer

(10 BAS PO

PoH

dajg

(s

OORBBHU] I50H Wk

{moieq wr)

SoRpI] 150H W

{apgenig ysn)

BRSPS 150 LY
{sBumes pioH)

{(voposieg ier} J

anlic 10310

BUEN0LIS0H ]
(eBumag yeny)

N

BIELBMILJSOH LAl

{s0umes S}

\‘

OB} 1501 U0

ajgeUs Ysniy

sBUmBdS PIbH llllll\
sPumes ush ——"

Bumes

sBupies ploy

il Jabbu ),

RS )
utid

ALY BT

1aBBu

pug 8718 j00) ———~

\\
snelg \ﬁ

Ol

dOd
{aalRsig

Wi Odid

ynduy J

Jeposug

s|geul

sBogeg days \p'\l\ pion
; abpapmoLoy

1BIOIN0Y Odid / HORIEDd

SMENS
Cdid

dog

Buey

LI ]

yiva

Q4id

ofpaimotyoy

Nt e]

mﬁm us
Wid

Jajonuan 19840

W ad

\ {ssing sepoauz)

SAR(HEI] po s toad

SmES Ol
BRRYIANLY 15O Wedy

(e 1 dod)
SOEIIAN] 150H watd

{uyBus 1pd)

BOEB T30 W8]

(Y3 O}

ROB{EIU} 1504 Wit

asugpad] Dol




PCT/AU2007/001644

WO 2008/052257

8/18

gy wesHy Y

g ainbi4
A1 SO TR
NEr

weans g

L3er

{F-NSAhg e ok

&7 BAric Ter oo

L aLICH Ta) LU




PCT/AU2007/001644

WO 2008/052257

9/18

{movaps
) SieA G r]
PROR M

6 @inbl4

weyshs By} O pEGIENE PIOUBS | SABY { 19F UDES 20} parED|del st ShL

!

Ty SALT PISH

&

M

URESET
aFEPaIU 18

*

D BAp dels

&

Jnding o

ncyng deys

Addng 1804 -
A FIUOA D

Addng g
Wem 2L FIOH B

[ 1wy aleilale
Clil LT

18Aud 1er

o160

weisAs Bunuud smaynep




WO 2008/052257 PCT/AU2007/001644

10/18

Figure 10

Hold Time

ime

Step T




PCT/AU2007/001644

WO 2008/052257

11/18

spesp Julld \\\

uoelauss JUlld
aoqg p1EpuUEls

uonelausn

UL SMaYyle

L1 @Inbi

T Hun

Z 1un
|oung




PCT/AU2007/001644

WO 2008/052257

12/18

¢l ainbiy

“payosp
sawazaq abeun oyl

“speay
und a1y u3aM19g den

“uoiloIsip afiewy) oy

*speay uud -
o4y uoamyag defl o

peay upd
SAjBA 91

&

peay juud
3AEA 5T

peay uud
SAlBA ST

peay jupd
BARA 9T




WO 2008/052257 PCT/AU2007/001644
13/18

W = .

= . -
= 3 & E 258
g £ g g 2£3
3 2 et ] .._."5;“
= 2 = 8 o w
SR ] S B2E
=8 & B % EBaeogs
aZ g o g £ e
E = = = = = »
LDG = m.,ﬁ - QE.EE
(ol [~ [+ foe) [+
285 2 TE &€ rEHES®

vy

P S S o
B UL S
g Vi b -

2|

L e el
3 @ gy b
3 ol 0 G

ERENEBDE PEBAEEE RGN

HRED

&

Eda

R L I T

Figure 13

EEE B RARYBEEETEL

% 5 ARty
- w%"f%i@ﬁiﬁ&:&&%ﬂ

e e ]

R k-] ] -1 -y - *

@ «Q E [1+] fo ] o g g
w @ o 2 @ o 2 o @ 2 w» @ o &
L= L= o= = ot ot = s
= = = = = 4 = =2
ZE EE =SE == SE SE 2E SE

Ea el [ i fo o T ‘=
[~ -9 [ I <=9 [~ -5 [~ -~ 2N =W (=~ R = o .



PCT/AU2007/001644
14/18

WO 2008/052257

7| @bl

b

1o

.ﬂ.#ﬂ..@&w&.@ﬁﬂ@%%%%@%@%%ﬁ%@@@@ﬁ%%%%@@

kL

4
£ »Hm.

RO

EEt X

] &
& UDIN|0S3I 35eaUdn!
& 01 Ajjeon1ea paoe)sagut

speay Juid AARA ST X T

L T el at e

SR 2 6 & 0 QB2 e @R e e

[
<
w
=
= )

PR

) @



WO 2008/052257 PCT/AU2007/001644
15/18

@%@@@@@@@&&ﬁ@@@@@@ﬁ@&ﬁ@aa@&&@aﬂg
bEAR ' ' ]
& o : @

& !
& ;
-
. &
ko
it

L

¢

gk

R
SOHOGT

Figure 15

SRESEODCBEENEDRE
GREBSOREOSBDIRTDIRDRL

S Gl ARG

EEEseAt e A i ne bt ot T

2 x 16 valve print heads
interlaced horesentaly to
increase print speed



PCT/AU2007/001644

WO 2008/052257

16/18

9} aunbig

L LA t T 1)
I Ii L L Ld
L ghgiond
L1l ket
L4  dod
L L L L
LA Ll
il
R
L L]
i i
L

Hiys 3ed
LA, Jepusy sbew

L 1 ] Y
L 1 ] i
L 1 3 i
L 1 ] T
L} ] L 1 ]
o
L 1 ] L 1 ]
L L L 1]
L 13 1]
L 1] L 1 ]
L 1 L 1]
i

Justuubly 1Bl
WA JBpusy abewit



PCT/AU2007/001644

17/18

/1 @Inbi4

L 1 1] Y
t 11 ] oy
L 117 ™
il L 3 ] ]
T 1] il
FTITIILILL )]
L L L] L 11
e 11 L o )
L 1 1] L i
11 I
FTT AN L]

WO 2008/052257

HIYS 10d uatubly x1nep
LA Jepuey J0139A UMM Japuay J0PSA



PCT/AU2007/001644

WO 2008/052257

18/18

gl ainbi4

R R M A
it e o Aol Mo vt o et

i

- T S A AV e e = :
- i»gi%ii;%%ii;»?;r;}
: s patwewtm st -

sl s e o
4 - 2

SR s S R A
L LN M SO




INTERNATIONAL SEARCH REPORT Intomational application No.

PCT/AU2007/001644
A, CLASSIFICATION OF SUBJECT MATTER
Int. CL.
B41J 2/04 (2006.01) B41J 2/505 (2006.01)

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

B. FIELDS SEARCHED

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

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

dwpi, esp@cenet IPC B417J 2/- & keywords: INKJET, PRINTHEAD, CONTROL, INDIVIDUAL, INSTRUCTION

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.,

EP 677388 B1 (HEWLETT PACKARD COMPANY) 31 October 2001
X See whole document, especially paragraphs [0007], [0022], [0023], [0043]-[0048], [0064]- 1-60
[0073], Figs. 1 and 3

US 5644342 A (ARGYRES) 1 July 1997
X See whole document, especially abstract, column 1 line 55 - column 2 line 11, column 2 lines 30- 1-60
54 ‘

EP 1713018 A2 (HEWLETT PACKARD COMPANY) 18 October 2006
X See whole document ,especially abstract and Fig. 1 1-60

Further documents are listed in the continuation of Box C Sce patent family annex

* Special categories of cited documents:
"A"  document defining the general state of the art which is "T"  later document published after the international filing date or priority date and not in
not considared to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  doecument of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) "Y'  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition

or other means "&"  document member of the same patent family

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

Date of the actual completion of the international search _Date of mailing of the international search report
22 January 2008 29 JAN 2008

Name and mailing address of the ISA/JAU Authorized officer

AUSTRALIAN PATENT OFFICE BAYER MITROVIC

PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)

Facsimile No. +61 2 6283 7999 Telephone No : (02) 6283 2164

Form PCT/ISA/210 (second sheet) (April 2007)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/AU2007/001644
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
US 5675365 A (BECERRA ET AL) 7 October 1997 60

See whole document, especially abstract and Fig.2

Form PCT/ISA/210 (continuation of second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2007/001644

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report
EP 0677388 CA 2082850 CA 2084390 CA 2084554
CA 2084564 EP 0471157 EP 0564087
EP 0564101 EP 0564102 EP 0564120
HK 61297 HK 158996 JP 4226765
JP 6008446 JP 6015829 JP 6064170
JP. 6079874 JP 7276638 US 5291226
USs 5305015 US 5305018 US - 5408738
Us 5442384 us 5469199 US 5600354
us 5644342 EP 0618075 JP 8034118
EP 1713018 EpP 1081638 US 7019866
US 5675365 BR 9603740 JP 9123439 MX 9603739

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (April 2007)




	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - amend-body
	Page 41 - amend-body
	Page 42 - amend-body
	Page 43 - amend-body
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report

