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A droplet deposition apparatus and controller therefor

The present invention relates to a droplet deposition apparatus and
controller therefor. It may find particularly beneficial application in a printer, such
as an inkjet printer.

Droplet deposition apparatuses, such as inkjet printers are known to eject
droplets from nozzles on a droplet deposition head, and to provide for controlled

placement of such droplets to create features on a receiving medium.

Conventional systems have actuator arrays in which nozzles are arranged
in one or more rows thereon, and further have complex hardware and/or software
solutions to drive actuating elements that cause droplets to be ejected from the

nozzles.

In some systems the different actuating elements in a row may be driven
using code specific to the spacing between the nozzles. For example, for a desired
resolution, the pitch between nozzles on the same row may be fixed (e.g.
~21.166um for 1200 dpi (dots per inch)), and bespoke code is provided based on
the spacing, the resolution and the receiving medium speed (e.g. meter per
second (m/s)). However, such code does not take into account variations in
manufacturing tolerances or variations in the movement of the receiving medium

speed relative to the nozzles, and so the print quality may be reduced.

Furthermore, systems in which there is acceleration/deceleration of a
droplet deposition head relative to a receiving medium may sacrifice surface area
of the receiving medium to allow for the droplet deposition head to reach a
specified velocity. This increases the amount of waste receiving medium
generated, which also results in additional costs, and increased run time in

awaiting a printing velocity to be reached.

In droplet deposition heads which comprise a large number of nozzles, a
correspondingly large amount of data is transferred to the droplet deposition head
in order to control droplet ejection from each nozzle. This may cause delays due
to the data transfer capabilities of the electronic circuitry that processes per-row
to per-nozzle droplet ejection information, as well as timing information to ensure

that droplets land in the correct place on the receiving medium.
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Therefore, embodiments seek to address the aforementioned problems.

In a first aspect there is provided a controller for controlling two or more
groups of nozzles in an array, the controller configured to: encode data blocks into
a data stream, wherein each data block denotes how a respective group of nozzles
is to be controlled for a droplet period; encode fire codes into the data stream,
wherein each fire code is a reserved code that denotes when a respective group
of nozzles is to be controlled in accordance with the data block for the droplet
period; and wherein the data block precedes the fire code for the respective group
of nozzles in the data stream and wherein the fire codes are generated
independently of the data blocks.

In another aspect there is provided A controller for controlling nozzles in an
array, the controller comprising: switch logic configured to apply drive pulses to
the nozzles; circuitry configured to: decode a first data stream received at the
controller; identify, in the first data stream, data blocks for respective groups of
nozzles and generate a second data stream in response thereto, the second data
stream comprising drive data to control the switch logic for a droplet period;
identify, in the first data stream, reserved codes that denote when the respective
groups of nozzles are to be controlled in accordance with the data blocks, and
generate fire signals to control the switch logic in response to the reserved codes;
and wherein the circuitry is further configured to, for a first droplet period: control
the switch logic for a first group of the nozzles in response to first drive data and
a first fire signal; and independently control the switch logic for a second group of

nozzles in response to second drive data and a second fire signal.

In a further aspect there is provided a droplet deposition apparatus
comprising a controller according to any of claims 1 to 15 and/or a controller of
any of claims 16 to 26.

In a further aspect there is provided a droplet deposition head having a
controller of any of claims 16 to 26.

In a further aspect there is provided a method of controlling two or more
groups of nozzles in an array, the method comprising: generating, at a first

controller, a first data stream comprising encoded data blocks, wherein each
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encoded data block denotes how a respective group of nozzles is to be controlled
for a droplet period; encoding, at the first controller, fire codes into the first data
stream, wherein each fire code is a reserved code that denotes when a respective
group of nozzles is to be controlled in accordance with the encoded data block for
the droplet period, and wherein the encoded data block precedes the fire code for
the respective group of nozzles in the data stream.

In a further aspect there is provided a method of controlling two or more
groups of nozzles in an array, the method comprising: decoding, at a controller, a
first data stream; identifying, in the first data stream, data blocks for respective
groups of nozzles; identifying, in the first data stream, reserved codes that denote
when the respective groups of nozzles are to be controlled in accordance with the
data blocks; generating, in response to the first data stream, fire signals and a
second data stream comprising drive data for respective groups of nozzles;
controlling switch logic for a first droplet period to apply drive pulses to a first
group of nozzles in response to first drive data and a first fire signal; independently
controlling switch logic for the first droplet period to apply drive pulses to a second
group of nozzles in response to second drive data and a second fire signal.

Embodiments will now be described with reference to the accompanying
figures of which:

Figure 1 schematically shows a cross section through part of an actuator of
a known droplet deposition head;

Figures 2a & 2b schematically show different example configurations of

nozzle arrays in the die of figure 1;

Figure 2c schematically shows a line of dots created on a receiving medium

when the nozzles of Figure 2b are controlled without a time delay;

Figure 2d schematically shows a line of dots created on a receiving medium

when the nozzles of Figure 2b are controlled with different waveforms;

Figure 2e schematically shows an example configuration of nozzle arrays in

the die of figure 1;

Figure 3 schematically shows a droplet deposition apparatus comprising a

3
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controller and further comprises a droplet deposition head;

Figures 4a and 4b schematically show an example of a droplet deposition
head data stream according to embodiments;

Figure 5 schematically shows components of the controller of Figure 3 in

greater detail;

Figure 6 schematically shows a droplet deposition head data stream in

greater detail;

Figure 7a schematically shows components of a droplet deposition head
controller in greater detail;

Figure 7b schematically shows switch logic of the droplet deposition head

controller of Figure 7a;

Figure 8a schematically shows example drive waveforms according to an

embodiment;

Figure 8b schematically shows a droplet deposition head data stream
according to an embodiment; and

Figure 8c schematically shows drive pulses generated in response to the
decoded fire codes according to an embodiment.

The present invention will be described with respect to particular
embodiments and with reference to figures but note that the invention is not
limited to features described, but only by the claims. The figures described are
only schematic and are non-limiting examples. In the figures, the size of some of

the elements may be exaggerated and not drawn to scale for illustrative purposes.

Figure 1 schematically shows a cross section of part of a known droplet
deposition head, hereinafter “printhead”. The printhead may be part of a known

droplet deposition apparatus, hereinafter “printer”.

In the present illustrative example, the droplet deposition head comprises
a die 1, such as a silicon die, having at least one pressure chamber 2, the pressure
chamber having a membrane 3 with an actuator element 4 provided thereon to

4
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effect movement of the membrane 3 between a first position (depicted as P1),
here shown as a neutral position, inwards into the pressure chamber to a second
position (depicted as P2). It will also be understood that the actuator element
could also be arranged to deflect the membrane in a direction from P1 opposite to

that of P2 (i.e. outwards of the pressure chamber).

The pressure chamber 2 comprises a fluidic inlet port 14 for receiving fluid
from a reservoir 16 arranged in fluidic communication with the pressure chamber
2.

The pressure chamber 2 optionally comprises a fluidic outlet port 18 for
recirculating any excess fluid in the pressure chamber 2 back to the reservoir 16
(or to another destination). In embodiments where the fluidic outlet port 18 is
closed or no fluidic outlet port 18 is provided, then the fluidic inlet port 14 may
merely replenish fluid that has been ejected from the pressure chamber 2 via
nozzle 12. In embodiments, the fluidic inlet 14 and/or fluidic outlet port 18 may

have a one-way valve.

The reservoir 16 is merely depicted adjacent the pressure chamber 2 for
illustrative purposes. However, it may be provided further upstream, or remote
from the printhead using a series of pumps/valves to regulate the flow of fluid
therefrom/thereto as appropriate.

In the present examples, the actuator element 4 is a piezoelectric actuator
element 4 whereby a piezoelectric material 6 is provided between a first electrode
8 and a second electrode 10 such that applying an electric field across the actuator
element 4 causes the actuator element 4 to charge, such that it experiences a
strain and deforms. It will be understood that the actuator element is not limited
to being a piezoelectric actuator element, and any suitable actuator element 4

may be used as appropriate.

In the schematic example in Figure 1, the pressure chamber 2 is arranged
in what is commonly referred to as a “roof mode” configuration, whereby
deflection of the membrane 3 changes the volume, and, therefore the pressure,
within the pressure chamber 2. By applying a suitable deflection sequence to the

membrane 3 such that sufficient positive pressure is generated within the pressure
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chamber 2 one or more droplets are ejected therefrom.

Such droplet ejection from nozzle 12 may be achieved by applying drive
pulses in the form of a voltage waveform to associated actuator element 4 e.g. to
the first electrode 8, whilst maintaining the bottom electrode 10 at a reference
potential such as ground potential. By carefully designing the drive waveform, it
is possible to achieve predictable and uniform droplet ejection from the nozzle 12.

In embodiments the droplet deposition head may comprise a plurality of

nozzles arranged in one or more nozzle arrays thereon.

In embodiments, a common drive waveform comprising a sequence of one
or more drive pulses may be selectively applied to plurality of actuator elements

as a drive waveform for ejecting droplets from nozzles associated therewith.

Alternatively, a drive waveform comprising a sequence of drive pulses may
be generated on a per actuator element basis. Such a drive waveform may be

generated, for example, by circuitry on the printhead.

As will be understood by a person skilled in the art, the ejection of the
droplets may be timed so as to accurately land on a receiving medium (in
conjunction with regulating the motion of a receiving medium, where necessary)

within predetermined areas defined as pixels.

These pixels are the desired position/location of the resulting dot on the
receiving medium based on a rasterization of the image that is to be printed as

derived from the print data.

In a simple binary representation, each pixel will be filled with either one or

no droplet.

In a more complex representation, greyscale levels may be added by
printing two or more droplets into each pixel to alter the perceived colour density
of the resulting pixel. In this case, the droplets landing within the same pixel will
generally be referred to as sub-droplets. Where ejected from the same nozzle,
such sub-droplets may be ejected in rapid succession so as to merge before
landing on the receiving medium as one droplet of a volume that is the sum of all
sub-droplet volumes. Once landed on the receiving medium, the droplet will, in
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the following text, be referred to as a ‘dot’; this dot will have a colour density
defined by the droplet volume or the sum of all sub-droplet volumes. The drive

pulses can therefore determine the greyscale level of a pixel.

The die 1, and the associated features thereof (e.g. nozzle(s), actuator
element(s), membrane(s), fluid port(s) etc.) may be fabricated using any suitable
fabrication processes or techniques, such as, micro-electrical-mechanical systems

(MEMS) processes.

It will be understood that the techniques described herein are not limited
to printheads operating in roof mode configurations and apply to printheads
having other configurations, such as shared wall configurations.

Furthermore, whilst only one pressure chamber 2 is depicted in Figure 1, it
will be understood that any number of pressure chambers may be arranged in a

suitable configuration(s) therein.

Figures 2a-2e schematically show example configurations of nozzle arrays.

In Figure 2a, the nozzles 12 are provided in a nozzle array in a single row,
with adjacent nozzles in the row separated by a pitch (P) along the length of the
die 1.

In Figure 2b, the nozzles 12 are provided in a nozzle array, in two rows (R1,
R2) in a non-staggered configuration relative to each other. Adjacent nozzles in
the same row are separated by a pitch (P) along the length of the die 1 and
adjacent rows are separated by a spacing (S) along the width of the die 1.

Figure 2c schematically shows two lines 22 and 24 created on a receiving
medium when all actuating elements of the nozzles of Figure 2b are driven at the
same time. Figure 2d schematically shows a line created on a receiving medium
when the nozzles of each row R1 and R2 of Figure 2b are caused to eject droplets
with a suitable time delay between R1 and R2.

In Figure 2e, the nozzles 12 are provided in a nozzle array, in two rows (R1,
R2) in a staggered configuration relative to each other. As above, adjacent nozzles
in the same row are separated by a pitch (P) along the length of the die 1 and
adjacent rows are separated by a spacing (S) along the width of the die 1.

7
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It will be noted that the pitch (P) may vary along the length of the die e.g.
when the nozzles towards the end of each row are separated by a pitch greater

than P or less than P.

In some examples crosstalk (e.g. fluidic/mechanical/electrical) may occur
when driving adjacent actuating elements, or actuating elements in close
proximity, at substantially the same time, depending on the common fluid,
mechanical or electrical path. Crosstalk may adversely affect the characteristics
of droplets, thereby impacting the achievable print quality or the efficiency of the

printer.

Fluidic crosstalk may result from pressure waves between neighbouring
pressure chambers, mechanical crosstalk may be the result of insufficient stiffness
of separating elements between pressure chambers (chamber walls, plenum
walls); whilst electrical crosstalk may result from sharing electrical tracks between

neighbouring actuator elements.

However, grouping nozzles is advantageous when driving actuating
elements on the same die so as to mitigate the impact of crosstalk. For example,
the nozzles on each die 1 may be grouped together (e.g. in groups A, B, C, D,
...etc.), such that one or more nozzles of a first group (e.g. group A) may eject
droplets as a result of a first waveform, whilst one or more nozzles of a second
group (e.g. group B) eject droplets as a result of using a different waveform. In
the present examples, a different waveform includes the first waveform following

a temporal offset or delay (t).

Taking the die 1 of Figure 2a as an illustrative example, if all nozzles in row
R1 eject droplets without any timing regulation, then there may be occurrences of
fluidic crosstalk due to pressure waves from one pressure chamber affecting
neighbouring pressure chambers constructively or destructively, leading to a

degradation in print quality.

There may also be occurrences of electrical crosstalk in the electrical wiring
on the die 1 due to currents being drawn due to adjacent actuator elements
charging/discharging at the same time, whilst there may be occurrences of

mechanical crosstalk for example through the chamber walls of adjacent pressure
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chambers.

Therefore, grouping adjacent nozzles in the same row in different groups
(e.g. A & B in Figure 2a), and ejecting droplets from the nozzles in the different
groups with different waveforms (e.g. different timings) reduces one or more of
the different types of crosstalk, whilst achieving desired features on a receiving

medium.

Grouping nozzles may also be advantageous when ejecting droplets from

nozzles in different rows.

Taking the die 1 of Figure 2b as an illustrative example, if all nozzles in both
rows (R1 & R2) were to eject droplets at the same time, then crosstalk may occur,
whilst the resulting droplets would land in different pixel rows on a receiving
medium travelling at a constant velocity relative to the die 1 (e.g. in the direction

as indicated by the arrow 20).

Specifically, and as schematically illustrated in Figure 2c, when all nozzles
in the die 1 eject droplets at the same time, the droplets ejected from the nozzles
of group A would form a first line 22 on the receiving medium and the droplets
ejected from the nozzles of group B would form a second line 24 on the receiving
medium, wherein the first line 22 is separated from the second line 24 by a

distance substantially equal to the spacing (S).

However, and as schematically illustrated in Figure 2d, by ejecting droplets
from the nozzles of group A, and ejecting droplets from the nozzles of group B
with a different timing (e.g. the same first waveform following a delay (t)), then
droplets ejected from the two groups of nozzles would form a substantially
continuous line 26 across the receiving medium (dependent on the waveform and
the delay (t)).

Similarly, taking Figure 2e as a further example, by ejecting droplets from
the nozzles of groups A and C with first and second waveforms respectively, and
ejecting droplets from the nozzles of groups B and D with third and fourth
waveforms respectively, then droplets ejected from the different groups of nozzles
A, B, Cand D may generate a desired dot pattern on the receiving medium, whilst

reducing crosstalk.
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Therefore, and as depicted in the illustrative examples, by grouping the
nozzles and ejecting droplets from nozzles in different groups with different
waveforms, droplet ejection may be controlled to generate desired features, whilst

reducing electrical, mechanical and/or fluidic crosstalk.

In order to generate the different waveforms and eject droplets from the
nozzles at the correct timings, the printer comprises various hardware and

software components.

As a schematic example, Figure 3 shows a printer 30 which comprises a
printer controller 32 and further comprises a printhead 34 according to an
embodiment. Like reference numerals used previously will be used to describe

identical or similar features as appropriate.

The printhead 34 comprises a printhead controller 36 and a die 1, the die 1
having one or more pressure chambers (not shown) with associated features (e.g.

nozzle, actuators element etc.) as previously described.

The printer controller 32 comprises hardware and software components

configured to regulate the functionality of the printer 30.

The printer controller 32 includes communication circuitry (not shown) for
transmitting/receiving communications to/from one or more internal/external
sources, such as a host computer (not shown), printhead 34 and/or a media

encoder 40.

For example, the communication circuitry may comprise an external and or
internal interface unit for receiving print data transmitted from the host computer
and may include a serial interface such as USB (Universal Serial Bus), IEEE1394,

Ethernet, wireless network, or a parallel interface.

The communication circuitry may comprise an internal interface unit for
transmitting data between the printer controller 32 and printhead controller 36,
and may include a serial interface such as USB (Universal Serial Bus), IEEE1394,

Ethernet, wireless network, or a parallel interface.

In the present example, print data 38 is transmitted to the printer controller
32, whereby the print data 38 relates to the desired characteristics of a dot to be

10
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created on a receiving medium (e.g. position, density, colour etc.). As such the
print data 38 may define the characteristics of the droplets required to be ejected
from a particular nozzle in order to fill a pixel and create a dot on a receiving

medium or, as the case may be, to not fill a pixel with no droplet being ejected.

The printer controller 32 processes the print data 38 and generates a
printhead data stream 39 in response thereto, whereby the printhead data stream
39 comprises instruction code for different groups of nozzles of the printhead 34,
and, in particular, instruction code denoting a specific function/instruction for
nozzles designated in a particular group, e.g. indicating how the individual nozzles
of the particular group should be controlled to fill the respective pixels (i.e. to eject

one or more droplets or to not eject droplets as the case may be).

The printhead data stream 39 also comprises instruction code indicating
when a particular group should be “fired” i.e. indicating when the actuating
elements associated with the nozzles designated in the particular group should be

driven or not driven so as to control the nozzles as appropriate.

In the present illustrative example four groups of nozzles (A-D) are depicted
in the printhead 34 e.g. arranged in one or more rows. However, any number of

groups may be used.

The printhead data stream 39 is transmitted to the printhead controller 36,

and processed by circuitry thereat.

In the present embodiments, the instruction code indicating when a group
should be fired is included in the printhead data stream 39 as a reserved code or
data packet(s), hereinafter “fire code”, whereby the fire code is identified by the
printhead controller 36 as a timing signal for firing an associated group. The fire
code is generated independently of the instruction code denoting a specific

function/instruction for nozzles.

In embodiments, media encoder 40 is provided in communication with the
printer controller 32, whereby the media encoder 40 generates data relating to
characteristics of a receiving medium (not shown) onto which droplets are to be
ejected. Such data may relate to the velocity/acceleration of the receiving medium

moving relative to the printhead 34 or to the velocity/acceleration of the printhead

11
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34 moving relative to the receiving medium. The media encoder 40 transmits the

data as an input, hereinafter ‘ME input’ 42, to the printer controller 32.

The printer controller 32 processes the ME input 42 to determine at what
point in time a group of nozzles should be fired in order to accurately fill pixels on

the receiving medium.

As an illustrative example, the media encoder 40 may provide an ME input
every (T) based on the relative movement between the printhead 34 and receiving
medium. If the velocity of the receiving medium changes (e.g. slows down to give
e.g. (T+0um) or speeds up to give (T-O0um)) the media encoder 40 will update the
ME input accordingly.

The printer controller 32 also transmits waveform data 44 to the printhead
controller 36. In some embodiments, the waveform data 44 may comprise one or
more drive waveforms, whereby each drive waveform may be applied as drive
pulses to drive the actuating elements associated with the nozzles of a particular

group.

In alternative embodiments, the waveform data 44 may comprise signals
which the printhead controller 36 processes to generate drive pulses on a per

actuator element, or per group, basis.

Figures 4a and 4b illustratively show an example printhead data stream 39
according to an embodiment, whereby the printhead data stream 39 comprises
data blocks for the different groups of nozzles, whereby a data block comprises
instruction code in the form of drive data denoting how the individual nozzles of a
particular group should be controlled during a droplet period Di (shown as (D),
where 'i' is an integer and denotes a specific droplet period for which the nozzles

are to be controlled).

In Figures 4a and 4b, the data blocks are shown as '‘DATA x’ (where ‘X’
denotes a particular group), and in the present illustrative example, DATA A
comprises drive data for Group A; DATA B comprises drive data for Group B; DATA
C comprises drive data for Group C; and DATA D comprises drive data for Group
D. As above, there may be more or fewer than four groups.

12
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In Figures 4a and 4b, fire codes 47 (depicted as (FCx), where 'x’ denotes the
particular group), are also depicted as being included in the printhead data stream
39.

In the present illustrative example, FCa indicates when Group A should be
fired for droplet period D:; FCs indicates when Group B should be fired for D1; FCc
indicates when Group C should be fired for D:; and FCo indicates when Group D
should be fired for Di.

As above, the fire code for a particular group is generated independent of
the data blocks comprising the instruction code, whereby, for example, the fire
codes are generated independent of the data blocks for the respective groups and
independent of the data blocks for other groups in the printhead data stream 39,
such that fire codes can be inserted anywhere within the printhead data stream.

For example, where a data block (DATA x) for a particular group and a fire
code FCx for that particular group are provided in the printhead data stream, the
fire code FCx may directly follow the data block for that particular group.

As a further example, rather than directly or immediately following the data
block (DATA x), the fire code FCx may be positioned elsewhere in the printhead
data stream 39 (i.e. indirectly follow the data block for that particular group). For
example, the fire code FCx may be inserted in the printhead data stream 39 so as
to interrupt a subsequent data block (DATA x+1), or it may be inserted in the
printhead data stream 39 between two subsequent data blocks for different groups
(e.g. between DATA x+1 and DATA x+2).

Taking Figure 4a as an illustrative example, FCa indirectly follows DATA A
by being inserted so as to interrupt DATA B; FCs indirectly follows DATA B by being
inserted between DATA C and DATA D; FCc indirectly follows DATA C by being
inserted so as to interrupt DATA D, whilst FCo immediately follows DATA D.

There is no requirement for the fire codes (FCx) of the different groups to
be in sequential order. Taking Figure 4b as an illustrative example, FCs precedes
FCa.

It will be seen that the ability to insert fire codes anywhere within the

13



10

15

20

25

30

WO 2017/168149 PCT/GB2017/050882

printhead data stream, and within data blocks, negates the need for the printer
controller to complete generating a data block before inserting the fire code into
the printhead data stream. Generation of the data block may be interrupted to
insert a fire code in the printhead data stream and resumed thereafter. The
information required to complete the data block may be stored in a buffer until
insertion of the fire code is complete.

As any delay in waiting for the data block to complete before inserting the
fire code is minimised or negated, the printhead data stream can be transmitted
to the printhead controller faster in comparison to having to wait for a data block
to complete, such that the timing accuracy for firing the groups can be increased.
Therefore, the droplet deposition head may print with an increased drop
placement accuracy, for example even when accelerating or decelerating relative
to the receiving medium. Such functionality is advantageous as the print speed

increases.

Furthermore, providing fire codes for the different groups means the
different groups can be fired independently of each other, and therefore the
respective nozzles of one group may be controlled independently of nozzles in a
different group. As above, controlling nozzles of the different groups with carefully
chosen time delays (where such groups may share part of the fluid, mechanical
or electrical path and are liable to interfere with one another if fired at the same
time) provides for a reduction in crosstalk, which in turn provides for

improvements in print quality.

Furthermore, whilst Figures 4a and 4b depict the data blocks and fire codes
as having a 1:1 mapping per droplet period i.e. whereby a fire code (FCx) is
generated every time a data block (DATA Xx) is generated, this is not always the
case. In some embodiments a data block (DATA x) will not be generated for every
droplet period Di1-i nor will a fire code (FCx) be generated for every droplet period
Di-i.

In some embodiments one data block may be generated for a particular
group of nozzles for a first droplet period D1, whilst a plurality of fire codes may
be provided for the particular group for the first droplet period D1 and/or for one

or more subsequent droplet periods Dz - Di.
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Figure 5 schematically shows components of the printer controller 32 in
greater detail. Like reference numerals used previously will be used to describe

identical or similar features as appropriate.

The printhead controller 32 comprises processing circuitry 46, configured to
process data (e.g. print data 38, ME input 42, operational data 56, programs or
instructions etc.) and to generate output signals in response to the processed
data.

The processing circuitry 46 may, for example, comprise a field
programmable gate array (FPGA), system on chip (SoC) device, microprocessor

device, microcontroller or one or more integrated circuits.

In the present illustrative embodiment, the printhead controller 32 also
comprises storage circuitry 48 for storing data. The storage circuitry 48 may
comprise volatile memory such as random access memory (RAM), for use as

temporary memory whilst the printhead controller 32 is in an operational state.

Additionally, or alternatively, the storage circuitry 48 may comprise non-
volatile memory such as flash, read only memory (ROM) or electrically erasable
programmable ROM (EEPROM), for storing data whilst the printhead controller 32
is in an operational or non-operational state (e.g. powered down or power saving
state). For example, operational data, programs or instructions may be stored in

the non-volatile memory.

In the present embodiment, print data 38 is received at the printer
controller 32, and may be stored in a buffer (not shown) in the storage circuitry

48 whilst awaiting processing.

The processing circuitry 46 comprises print data encoder circuitry 51,
hereinafter ‘PDE circuitry’ 51. The PDE circuitry 51 generates encoded drive data
based on or in response to processing the print data 38 (e.g. from a buffer),

whereby the encoded drive data is included in the printhead data stream 39.

The encoded drive data may be created using any suitable encoding scheme
(e.g. 4b/5b, 4b/6b encoding, 6b/8b encoding, 8b/10b encoding, 64b/66b
encoding, Eight-to-fourteen modulation etc.)
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The processing circuitry 46 further comprises media encoder circuitry 52,
hereinafter ‘ME circuitry’, which processes the ME input 42 and generates a media
signal 54 in response thereto.

The ME circuitry 52 may also generate the media signal 54 in response to
additional data, such as operational data 56 relating to the desired operation of
the printer (e.g. desired resolution (e.g. 1200dpi), desired frequency (e.g. 70kHz)

— it will be understood these figures are for illustrative purposes only).

In the present example, the media signal 54 is used by the PDE circuitry 51
to determine when a fire code (FCx) for a particular group should be included in
the printhead data stream 39 such that a corresponding group can be fired at the
correct time during a specific droplet period.

A schematic example of the printhead data stream 39 is depicted in Figure
6. As above, the printhead data stream 39 comprises data blocks (DATA A - DATA
D) provided for the groups of nozzles on the die, each data block having encoded
drive data denoting how the individual nozzles of a particular group should be
controlled.

In the present illustrative example, the encoded drive data comprises a
plurality of data packets 57 each comprising an m-bit code (where m is an
integer), which in the present example, is a drive code symbol to indicate how a
particular nozzle should be controlled.

For example, when using an 8b/10b encoding scheme, the data packets 57
comprise 10-bit drive code symbols mapped from 8-bit code symbols based on or
responsive to the print data. As above, alternative encoding schemes may also be
used.

In the present illustrative example, the drive code symbols comprise (D)
and (ND), whereby a (D) symbol indicates that one or more droplets should be
ejected from a particular nozzle, whilst an (ND) symbol indicates that a droplet
should not be ejected from a particular nozzle.

In examples, each data packet 57 is associated with a particular nozzle, as
indicated by Nx. in figure 6, (where, as above, 'x’ denotes the particular group &
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where L is an integer, indicative of the nozzle’s position/designation within the

group).

In alternative examples, the drive code symbols included in the data
packets 57 may also comprise an identifier for the nozzle indicative of the nozzle’s
position/designation within the group.

In the illustrative example of Figure 6, and for the purposes of simplicity,
100 nozzles are designated in each group. However, groups may comprise any
number of nozzles, and different groups may have different numbers of nozzles

designated therein.

In the present example the printhead data stream 39 further comprises
reserved code or data packets having k-bit control symbols (where 'k’ is an
integer) which designate or denote a defined instruction e.qg. fire code (FCx) 47,
start of data block (SoBx) 59, or end of data block (not shown). Furthermore, in
the context of the present description, a reserved code comprises a unique code
in the data stream.

As above, the k-bit control symbols may be inserted in the printhead data
stream 39 by the PDE circuitry when required.

For example, the fire code (FCx) control symbols may be inserted within the
printhead data stream 39 in response to the media signal 54.

In examples, the k-bit control symbols are encoded using the same
encoding scheme used to encode the drive code symbols.

As above, the ability to insert fire codes into the printhead data stream
independently of the drive data provides for increased print speeds and/or higher
image quality because there is no requirement for the printer controller to wait
until a data block is completed before inserting the fire code in the printhead data
stream and, therefore, the delay between generating the fire code and

transmitting it to the printhead controller is minimised.

With respect to Figure 5, and as previously described, the printer controller
32 transmits the printhead data stream 39 to the printhead controller using any
suitable communications protocol and/or signalling standard e.g. 8b/10b encoding
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on low voltage differential signalling (LVDS), a serial communications protocol,
etc.

Although not specifically depicted, it will be understood by a skilled person
that a clock signal may be transmitted to printhead controller 36 for use in the
decoding process. For example, an LVDS clock signal may be transmitted to the
printhead controller 36 alongside the printhead data stream 39 or the clock signal

(e.g. digital clock signal) may be recovered from the printhead data stream 39.

The printhead data stream 39 comprising the data blocks and fire codes
may be transmitted along a single communications channel, which, depending on
the protocol and/or standard used, may comprise a single conductor or pair of
conductors (e.g. wires, pins). However, any suitable communications channel may

be provided.

The printer controller 32 also transmits waveform data 44 to the printhead
controller 36 using any suitable communications protocol and/or signalling
standard.

Whilst not depicted in Figure 6, it will be appreciated that ‘idle’ symbols,
indicating zero data, may also be included in the data stream to provide spacing
between data blocks and/or fire codes.

In the illustrative example of figure 5, the waveform data 44 comprises a
common drive waveform for each group, whereby, as depicted, the printer
controller 32 comprises four waveform generators 58a-58d, each configured to
generate a common drive waveform in response to a waveform control signal 60a-
60d.

Each waveform control signal 60a-60d comprises a logic output which is fed
to a respective digital-to-analog converter (DAC) (not shown), whereby an analog
output from the DAC may be used as an input to an amplifier for generating the

respective common drive waveform 44a-44d.

Figure 7a schematically shows components of the printhead controller 36 in
greater detail. Like reference numerals used previously will be used to describe
identical or similar features as appropriate.
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The printhead controller 36 comprises various hardware & software
components for communicating with the printer controller (not shown in Figure
7a) and driving the actuating elements to control nozzles associated therewith in

an appropriate manner.

In embodiments, the printhead controller 36 may comprise one or more
application specific integrated circuits (ASIC) or other suitable hardware/software

components.

In the present example the printhead controller 36 comprises decoder
circuitry 62, which receives the printhead data steam 39 from the printer controller
(not shown in Figure 7a), decodes the printhead data stream 39, and generates

one or more outputs for controlling the nozzles of the respective groups.

In the illustrative example, one output is nozzle data stream 64a-d, which
comprises decoded drive data, whereby the nozzle data stream 64a-d may define

how each nozzle of a particular group is to be controlled.

A further output is fire signal 66, which, in the present example, is

illustratively depicted as a different fire signal for each respective group A-D.

In operation, the decoder circuitry 62 decodes the printhead data stream
39 in accordance with the scheme used to generate the encoded print data as
previously described and outputs the nozzle data stream 64a-d and fire signal
66a-d accordingly.

The printhead controller 36 further comprises storage circuitry 68, which,
in the present example, comprises four shift register arrays 68a-68d, each array
having one or more registers arranged to temporarily store data packets of the
nozzle data stream 64 for one of the respective groups (A-D).

In embodiments the data packets in the nozzle data stream 64 are loaded
into the appropriate shift register arrays e.g. whereby, for example, the SoBx
control code in a decoded data block defines the appropriate shift register array
into which the next L decoded data packets following the SoBx are loaded, whilst
the specific positioning of the data packet following the SoBx may define the

particular shift register in the register array into which that packet is loaded into.

19



10

15

20

25

30

WO 2017/168149 PCT/GB2017/050882

In alternative examples the drive code symbol in a particular data packet
may define the specific register in the register array into which that particular data

packet is loaded, as identified by, for example, the decoder circuitry 62.

The printhead controller 36 further comprises switch logic 70 for switching
the waveform data 44a-44d onto the nozzles of the different groups (A-D) in
response to the drive code symbols in the different packets and the fire signal 66.

As illustratively shown in figure 7a, the switch logic 70 may comprise an
array of switches 74a-d for the respective groups (A-D), each switch 76 in an
array 74a-d associated with a particular shift register and a particular nozzle, and
the state of which is controlled (open/closed) by a switch controller 65 which may

comprise any suitable logic or component.

On decoding the printhead data stream 39 and identifying a fire code FCx
for a particular group (A-D), the decoder circuitry 62 outputs a fire signal 66 for
the particular group (A-D), whereby the decoded data packets are output from
the corresponding shift registers and used as inputs 64 to switch controller 65
along with fire signal 66, whereby an output 67 from switch controller 65 is used
to control the state of an associated switch 76 in accordance with drive code

symbols in the decoded drive data for that particular nozzle.

In an illustrative example of Figure 7b, when the switch controller 65
receives a data packet comprising a D symbol and a fire signal 66, the switch
controller 65 closes the switch 76 such that the waveform data 44 is applied as a
drive pulse 72 to the actuator element of the associated nozzle. Therefore, the
nozzle will fill a pixel with ejected droplets in accordance with the applied drive
pulses for that droplet period. This is shown for Nozzles Naiand Nazin Figure 7b.

Meanwhile, when the switch controller 65 receives a data packet comprising
an ND symbol and a fire signal, the switch controller 65 opens the switch 76 such
that no drive pulse is applied to the actuator element of the associated nozzle.
Therefore, no droplet will be ejected from that nozzle for that droplet period. This

is depicted for Nozzle Naioco in Figure 7b.

Ejection of droplets from nozzles Nas-Nags for the droplet period may be

controlled by the switch controller 65 dependent on the respective decoded drive
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data and fire signal in the same manner as described above for Nai, Naz & Nazoo.

In embodiments, the switches 76 may comprise one or more transistors

arranged in a suitable configuration, such as a pass gate configuration.

As described above, there is no requirement for the data blocks to
have a 1:1 mapping with the fire codes, whereby, in embodiments, when the data
packets of the respective data blocks are loaded into the appropriate shift register
arrays, those data packets may be retained within the shift registers for two or
more droplet periods, such that, when a fire code is identified, the nozzles of a
particular group may be controlled in response to data packets previously loaded
in the shift registers.

Therefore, when nozzles are to be controlled with the same data packets
over two or more droplet periods, the PDE circuitry (not shown in Figure 7a) is not
required to encode new print data into the printhead data stream 39 for each
droplet period and the PDE is only required to generate fire codes corresponding
to when the groups should be fired.

It will be appreciated that, using such functionality, processing efficiency
may be increased both at the printer controller and printhead controller in
comparison to repeatedly encoding the same print data for the one or more droplet
periods. The amount of data in the printhead data stream 39 may also be reduced,
and, therefore, reduces the burden placed on the communications channel
bandwidth in high resolution applications.

It will also be understood that idle symbols may be provided between the
fire codes so as to provide spacing in the encoded printhead data stream (e.g.
between fire codes), whereby the idle symbols do not cause the data packets to

be overwritten in the registers.

Figure 8a schematically shows example drive waveforms (A-D) 44a-44d,
Figure 8b schematically shows a printhead data stream 39, whilst Figure 8c
schematically shows the waveforms (A-D) as they would be applied to the different
nozzles Nx. over two droplet periods D: and Dz in response to printhead data
stream 39 when decoded at the printhead controller.
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As will be appreciated, the nozzles Nx. for a particular group will be
controlled with the waveforms (A-D) in response to the drive code symbols (e.g.
D & ND) in the drive data, at a time as defined by the decoded fire codes FCa -
FCb.

Taking the die of Figure 2e as an illustrative example, waveforms A & C are
used to drive actuator elements of adjacent nozzles on the same row (R1), whilst
waveforms B & D are used to drive actuator elements of adjacent nozzles on the
same row (R2).

As illustratively shown, waveforms A-D are similar to each other but a
different delay (al1-a3) is provided between the respective waveforms. It will be
appreciated that the waveforms and delays depicted in Figures 8a are illustrative
only, and any waveform and/or delay may be provided for a particular group for
any droplet period.

For example, the specific delay between waveforms for ejecting droplets
from nozzles in different rows (e.g. (A & B) or (C & D)) may be selected based on
or responsive to different factors, such as: the velocity of the receiving medium
relative to the printhead, and/or the operational frequency of the printhead.

Furthermore, the specific delay between the waveforms for ejecting
droplets from nozzles in the same row (e.g. (A & C) or (B & D)) may be selected
to minimise the crosstalk between adjacent nozzles, which, as above, may affect
the specific placement and/or quality of droplets on the receiving medium. This
specific delay may be adjusted to account for variations in the speed of the
receiving medium to provide for correct placement of droplets from nozzles in the

same row of the receiving medium.

As above, there is no specific requirement for the fire code to be in a fixed
order or fixed position within the data stream, and it is possible to insert fire codes
into the printhead data stream without having to wait for a particular data block
to complete before insertion therein.

The ability to insert fire codes into the printhead data stream before a
particular data block completes provides for increased print speeds in comparison

to having to wait for a data block to complete until inserting a fire code. Such
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functionality becomes increasingly advantageous as the print frequency (i.e. the

speed of printing) increases.

Furthermore, as the fire codes are associated with respective groups of
nozzles, and the groups can be defined to designate one or more nozzles in one
or more rows, it is possible to control ejection of droplets from single or multiple
rows of nozzles as appropriate dependent on the specific application.

It will be appreciated that it is possible to adjust the timing for the different
groups to reduce crosstalk (e.g. mechanical, fluidic, electrical), and such reduction
in crosstalk provides for improved drop placement accuracy and improved print

quality.

Furthermore, as the waveforms A-D can be selectively applied to the
respective groups, and the nozzles of the respective groups can be controlled by
the switch logic over consecutive droplet periods, it is possible to fill pixels with
the appropriate amount of droplets over one or more droplet periods as required
by the print data.

Whilst the illustrative examples above describe the waveform data as a
plurality of common drive waveforms generated at the printer controller, it will be
understood that the common drive waveforms may alternatively be generated at
the printer controller, printhead controller or may be generated remote from the

printer itself.

Furthermore, there is no requirement for the waveform data to comprise a
waveform common to all nozzles of a particular group, but instead the waveform
data may comprise a waveform generated on a per-nozzle basis at the printer
controller, printhead controller or remote from the printer itself.

Furthermore, the waveforms are not limited to the shape depicted in Figures
8a, and any suitable shapes may be used as drive pulses. For example, a

trapezoidal or sinusoidal drive pulse may be used.

Furthermore, characteristics of the drive pulses may be changed as
appropriate depending on a particular application. Such characteristics include but
are not limited to: amplitude, pulse width, slew rates etc. Furthermore, in
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embodiments the firing pulse may be followed by one or more non-ejecting pulses
(not shown) which are used to generate pressure waves which interfere with the

pressure waves caused by the firing pulse.

Furthermore, as above, whilst the printhead data stream of Figure 8a
depicts a 1:1 mapping between data blocks and fire codes per droplet period D;,
there is no requirement for the data stream to comprise such 1:1 mapping.

Furthermore, although not depicted in Figure 8b, the printhead data stream
may comprise idle symbols therewithin.

Where the term “comprising” is used in the present description and claims,
it does not exclude other elements or steps and should not be interpreted as being
restricted to the means listed thereafter. Where an indefinite or definite article is

used when referring to a singular noun e.g. "a" or "an", "the", this includes a plural

of that noun unless something else is specifically stated.

Furthermore, the present techniques may be realized in the form of a data
carrier having functional data thereon, said functional data comprising functional
computer data structures to, when loaded into a computer system or network and
operated upon thereby, enable said computer system to perform all the steps of
the method.

Furthermore, it will be understood that whilst various concepts are
described above with reference to an inkjet printhead, such concepts are not
limited to inkjet printheads, but may be applied more broadly in printheads, or
more broadly still in droplet deposition heads, for any suitable application. As
noted above, droplet deposition heads suitable for such alternative applications
may be generally similar in construction to printheads, with some adaptations
made to handle the specific fluid in question. The preceding description should
therefore be understood as providing non-limiting examples of applications in

which such a droplet deposition head may be used.

A variety of fluids may be deposited by a droplet deposition head. For
instance, a droplet deposition head may eject droplets of fluid that may travel to
a sheet of paper or card, or to another receiving medium, such as textile or foil or

shaped articles (e.g. cans, bottles etc.), to form an image, as is the case in inkjet
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printing applications, where the droplet deposition head may be an inkjet

printhead or, more particularly, a drop-on-demand inkjet printhead.

Web presses and cut sheet presses have demanding data rates. The
resolution and receiving medium speed are both high [600 dpi and 800 fpm (160
ips or 4m/s) with 3 grey levels]. Often two sets of printheads are needed in the
down web direction to fill all the pixels in the direction of movement of the

receiving medium.

Another application is wide format graphics where a scanning printhead
moving as fast as 70 inch/sec (1.7m/s) jets ultra-violet (UV) curable, solvent, or

aqueous inks with multiple grey levels.

Droplet deposition heads suitable for such fluids may be generally similar
in construction to printheads, with some adaptations made to handle the specific

fluid in question.

Droplet deposition heads as described in the following disclosure may be
drop-on-demand droplet deposition heads. In such heads, the pattern of droplets

ejected varies in dependence upon the data provided to the head.

It will be clear to one skilled in the art that many improvements and
modifications can be made to the foregoing exemplary embodiments without
departing from the scope of the present techniques.
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Claims

1.

A controller for controlling two or more groups of nozzles in an array,
the controller configured to:

encode data blocks into a data stream, wherein each data block
denotes how a respective group of nozzles is to be controlled for a
droplet period;

encode fire codes into the data stream, wherein each fire code is a
reserved code that denotes when a respective group of nozzles is to be
controlled in accordance with the data block for the droplet period; and

wherein the data block precedes the fire code for the respective
group of nozzles in the data stream and wherein the fire codes are

generated independently of the data blocks.

. The controller according to claim 1, wherein the fire code directly follows

the data block for the respective group.

. The controller according to claim 1, wherein the fire code indirectly

follows the data block for the respective group.

The controller according to claim 3, wherein the fire code is encoded
between two subsequent data blocks in the data stream.

. The controller according to claim 3, wherein the fire code interrupts a

subsequent data block in the data stream.

. The controller according to any preceding claim, further comprising

media encoder circuitry configured to generate a media signal in

response to an input from a media encoder.

. The controller according to claim 6, wherein the media encoder circuitry

is further configured to generate the media signal in response to

operational data of an associated droplet deposition apparatus.

. The controller according to any preceding claim, wherein the data blocks

are encoded in the data stream in response to print data.
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9. The controller according to any of claims 6 to 8, wherein the fire codes

are encoded in the data stream in response to the media signal.

10.The controller according to any preceding claim, wherein the data blocks
and fire codes are encoded using a first encoding scheme.

11.The controller according to claim 10, wherein the encoding scheme
comprises one of: 4b/5b encoding, 4b/6b encoding, 6b/8b encoding,
8b/10b encoding, 64b/66b encoding and eight-to-fourteen modulation.

12. The controller according to any preceding claim, wherein the data

stream is transmitted on a single communications channel.

13.The controller according to any preceding claim, wherein the data blocks
and fire codes for the respective groups are encoded with a 1:1 mapping

for each droplet period.

14.The controller according to any preceding claim, wherein each data block
comprises drive data to denote how the respective group of nozzles is

to be controlled for the droplet period.

15. The controller according to any preceding claim, wherein each data
block comprises a control symbol denoting one of: a start of the data
block and an end of the data block.

16.A controller for controlling nozzles in an array, the controller comprising:
switch logic configured to apply drive pulses to the nozzles;
circuitry configured to:
decode a first data stream received at the controller;
identify, in the first data stream, data blocks for respective
groups of nozzles and generate a second data stream in response
thereto, the second data stream comprising drive data to control the
switch logic for a droplet period;

identify, in the first data stream, reserved codes that denote
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when the respective groups of nozzles are to be controlled in accordance
with the data blocks, and generate fire signals to control the switch logic
in response to the reserved codes; and
wherein the circuitry is further configured to, for a first droplet

period:

control the switch logic for a first group of the nozzles
in response to first drive data and a first fire signal; and

independently control the switch logic for a second
group of nozzles in response to second drive data and a second fire

signal.

17.The controller according to claim 16, wherein the circuitry is further
configured to, for a second droplet period:
control the switch logic for the first group of nozzles in
response to third drive data and a third fire signal;
independently control the switch logic for a second group of

nozzles in response to fourth drive data and a fourth fire signal.

18.The controller according to claim 16, wherein the circuitry is further
configured to, for a second droplet period:
control the switch logic for the first group of nozzles in
response to the first drive data and a third fire signal;
independently control the switch logic for a second group of

nozzles in response to the second drive data and a fourth fire signal.

19.The controller according to any of claims 16 to 18, wherein the circuitry
is configured to derive drive pulses from waveform data received

thereat.

20.The controller according to claim 19, wherein the waveform data

comprises two or more drive waveforms.

21.The controller according to claim 20, wherein each drive waveform of

the two or more drive waveforms provides drive pulses for respective
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groups of the nozzles.

22. The controller according to any of claims 16 to 21, further comprising
storage circuitry to store the drive data and output the drive data to the

switch logic.

23. The controller according to claim 22, wherein the storage circuitry

comprises two or more shift register arrays.

24.The controller according to claim 23, wherein the switch logic comprises
an array of switches, each switch associated with a respective shift

register of the shift register arrays.

25.The controller according to claim 24, wherein each switch has an

associated switch controller.

26.The controller according to claim 25, wherein each switch controller
controls its associated switch in response to the drive data and fire

signal.

27.A droplet deposition apparatus comprising a controller of any of claims

1 to 15 and/or a controller of any of claims 16 to 26.

28.A droplet deposition head having a controller of any of claims 16 to 26.

29.A method of controlling two or more groups of nozzles in an array, the
method comprising:
generating, at a first controller, a first data stream comprising
encoded data blocks, wherein each encoded data block denotes how a
respective group of nozzles is to be controlled for a droplet period;
encoding, at the first controller, fire codes into the first data stream,
wherein each fire code is a reserved code that denotes when a respective
group of nozzles is to be controlled in accordance with the encoded data

block for the droplet period, and wherein the encoded data block
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precedes the fire code for the respective group of nozzles in the data

stream.

30. The method according to claim 29, further comprising:

31

decoding, at a second controller, the first data stream;

generating, at the second controller, fire signals and a second data
stream comprising decoded drive data for respective groups of nozzles
in response to the first data stream;

controlling switch logic for a first droplet period to apply drive pulses
to a first group of nozzles in response to first decoded drive data and a
first fire signal;

independently controlling switch logic for the first droplet period to
apply drive pulses to a second group of nozzles in response to second

decoded drive data and a second fire signal.

.A method of controlling two or more groups of nozzles in an array, the

method comprising:

decoding, at a controller, a first data stream;

identifying, in the first data stream, data blocks for respective groups
of nozzles;

identifying, in the first data stream, reserved codes that denote when
the respective groups of nozzles are to be controlled in accordance with
the data blocks;

generating, in response to the first data stream, fire signals and a
second data stream comprising drive data for respective groups of
nozzles;

controlling switch logic for a first droplet period to apply drive pulses
to a first group of nozzles in response to first drive data and a first fire
signal;

independently controlling switch logic for the first droplet period to
apply drive pulses to a second group of nozzles in response to second

drive data and a second fire signal.
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32.The method according to claim 31, further comprising:
controlling switch logic for a second droplet period to apply drive
pulses to the first group of nozzles in response to third drive data and a

5 third fire signal;
independently controlling switch logic for the second droplet period
to apply drive pulses to the second group of nozzles in response to fourth

drive data and a fourth fire signal.

10 33.The method according to claim 31, further comprising:
controlling switch logic for a second droplet period to apply drive
pulses to the first group of nozzles in response to the first drive data and
a third fire signal;
independently controlling switch logic for the second droplet period
15 to apply drive pulses to the second group of nozzles in response to the

second drive data and a fourth fire signal.
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