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SEQUENCING PRINTERS

Background
[0001] Printers are widely used and may include a printhead enabling formation

of text or images on a print medium. Such a printhead may be included in an inkjet
pen or printbar that includes channels that carry fluid. For instance, fluid may be
distributed from a fluid supply to the channels through passages in a structure that
supports the printhead(s) on the inkjet pen or printbar.

Brief Description of the Drawings

[0002] Figure 1 is a block diagram illustrating an example of a printer for
sequencing printers according to the present disclosure.

[0003] Figure 2 is a block diagram illustrating an example of a printer
implementing an example of a controller for sequencing printers according to the
present disclosure.

[0004] Figure 3 is a block diagram illustrating an example of a printer
implementing an example of a portion of a controller for sequencing printers
according to the present disclosure.

[0005] Figure 4 illustrates a diagram of an example of a system for sequencing
printers according to the present disclosure.

[0006] Figure 5 is an example of a method for sequencing printers according to

the present disclosure.
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Detailed Description

[0007] A printer may be an inkjet-printing device that ejects fluid onto a print
substrate, such as paper, to form images, which can include text, on the print
substrate. The printer (e.g., a piezoelectric inkjet printhead) includes a plurality of
nozzles, such as those described herein, and corresponding controller. Printers that
utilize a printbar assembly (e.g., a substrate wide printbar assembly) have been
developed to help increase printing speeds and reduce printing costs. Printbar
assemblies tend to include multiple parts that carry printing fluid from the printing
fluid supplies to printheads (e.g., printhead dies) from which the printing fluid may be
ejected on to paper or other print substrate and/or circuitry that provide data and/or
power to the printhead.

[0008] It may be desirable to shrink the size of a printhead and/or provide a
greater total number of nozzles on the printhead and/or printbar. However,
decreasing the size of a printhead can involve changes to structures that support the
printhead, including passages that distribute fluid to the printhead and/or circuitry
that provides data and/or power to the printhead that can actually increase an overall
cost associated with a printhead (e.g., due to complex fabrication processes, etc.)
and/or reduce performance of the printhead.

[0009] Moreover, having a greater total number of nozzles (e.g., 10,000 nozzles)
per printer (e.g., per printbar) may, with some approaches, coincide with a difficulty
and/or inability to provide a desired performance. For example, it may be desirable
to maintain a printing frequency above a threshold printing frequency (e.g., 200
millihertz). However, maintaining such a printing frequency may not be possible with
some approaches due to various shortcomings associated therewith, such as using
a single network to deliver a single sequence of print data (e.g., firing instructions) to
each of a plurality of nozzles of a printer. For example, firing instructions, may be
sent to each nozzle of the plurality of nozzles (e.g., sent to every pixel row
concurrently) as a single sequence for a given firing sequence (e.g., before printing a
page of a print job) via a single network. Such an approach may employ a large
amount of circuitry and/or have difficulty and/or an inability (e.g., a timing closure
associated with a total number nozzles that does not satisfy a desired level of
performance) to meet a desired printing frequency due to sending print data to each

of the nozzles as a single sequence via a single network.
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[0010] In contrast, examples of the present disclosure include methods, systems,
controllers, and computer-readable and executable instructions for sequencing
printers. Sequencing printers refers to providing a portion of print data (e.g., an
address sequence and/or a primitive sequence) to circuitry (e.g., shift registers
and/or parallel registers) of a printer via respective networks for respective portions
of the print data. A network refers to wires and/or logic gates among other circuitry
suitable for providing a portion of the print data to circuitry of a printer. For example,
sequencing printers can include assigning firing instructions included in an address
sequence, via a first network, to shift registers of a printer and/or providing, via a
second network, a primitive sequence including a respective firing order of each of a
plurality of primitives to the parallel registers. Advantageously, sequencing printers
can reduce an amount of circuitry associated with a printer and/or improve timing
closure of a printer, among other advantages, compared to other approaches that
provide print data to a printer via a single network and/or as a single sequence.
[0011] Figure 1 is a block diagram illustrating an example of a printer for
sequencing printers according to the present disclosure. Referring to Figure 1, a
printer 143 (e.g., an inkjet printer) includes a printbar 115 that can span the width of
a print substrate 138, flow regulators 140 associated with the printbar 115, a
substrate transport mechanism 142, ink or other printing fluid supplies 144, and a
controller 146.

[0012] The printbar 115 includes an arrangement of printheads 117 to dispense
printing fluid on to a sheet or continuous web of paper or other print substrate 138.
As described in detail below, each printhead 117 includes a plurality of nozzles 145
arranged in a primitive(s). While Figure 1 illustrates a page wide printbar 115
including three printheads 117 the present disclosure is not so limited. That is, the
printbar 115 can span an area greater than or less a print substrate and/or include
fewer (e.g., one) or more than the three printheads illustrated in Figure 1 to promote
sequencing printers. The printbar 115 can be designed to connect with other portions
of the printer 143 through electrical interconnects (not shown), etc. that provide
power and/or data to the arrangement of printheads 117.

[0013] The printheads 117 can be formed of semiconductor material (e.g., silicon)
and can include integrated circuitry (e.g., transistors, resistors, etc.). Each printhead
117 includes fluid feed holes, thin-film layer (including firing chambers), and
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conductors. A slot feeds printing fluid directly to the printhead (e.g., printhead
die(s)), such as to fluid feed hole(s) included in the printhead 117. The fluid feed
holes provide printing fluid (e.g., ink) to fluid ejectors formed in the thin-film layer.
Each printhead 117 includes an ejection chamber and a corresponding orifice
through which printing fluid is ejected from the ejection chamber.

[0014] Each printhead 117 receives printing fluid through a flow path from the
printing fluid supplies 144 into and through the flow regulators 140 and slot(s) 116 in
printbar 115 to fluid feed hole(s) (not shown) included in the printhead 117. The
printing fluid can be ejected from a plurality of nozzles 145 arranged in a primitive(s)
included in a printhead 117.

[0015] The plurality of nozzles 145 can be arranged in sets (e.g., parallel sets) of
nozzles (e.g., columns of nozzles) in a primitive, for example. The plurality of
nozzles 145, for example, can be arranged into four respective sets of nozzles.
Each set of nozzles can correspond to a particular color of fluid (e.g., black ink). For
example, the four sets described above can correspond to black, cyan, yellow, and
magenta colored fluids, respectively. Other arrangements including providing more
or less colors of fluid to more or less sets of nozzles are possible. The plurality of
nozzles 145 can be arranged in multiple columns and/or no columns, staggered or
not staggered depending on a design of the nozzles. More specifically, examples
are not limited to column, parallel columns, etc. For example, a single color (e.g., a
black fluid) can be provided to each of the nozzles. A printhead 117 can include a
suitable number of primitive(s), set(s) of nozzles, and/or be provided suitable color(s)
of fluid, among other features to promote.

[0016] The plurality of nozzles 145 can each be associated with a firing chamber
(not shown). The plurality of nozzles 145 can be arranged in a particular order
and/or can be fired in a particular order.

[0017]  The plurality of nozzles 145 can each be designated by an address. A set
of addresses can make up a primitive, such as those describe herein. For example,
a primitive can include 32 addresses that each designates a nozzle location. A
printhead can include a suitable number of primitives to promote sequencing
printers. The plurality of nozzles (e.g., those in a pen column) can be organized as a
plurality of timeslots by a plurality of primitives, from a nozzle sequencing point of
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view. In other words, the nozzle sequencing of the plurality of nozzles can be
described with an address sequence table and/or primitive sequence table.

[0018] A controller 146 can control various operations of the printer 143. The
controller 146 can be analogous to controller 246 described with respect to Figure 2
and Figure 3.

[0019] Figure 2 is a block diagram illustrating an example of a printer
implementing an example of a controller for sequencing printers according to the
present disclosure. The controller 246 represents programming, processor(s) and
associated memories, electronic circuitry, and/or other components to control
operative elements (e.g., a printhead 117 as described with respect to Figure 1) of a
printer.

[0020] The controller 246 may be implemented on a circuit layer of a printhead,
among other possible locations. As a particular example, the controller may reside
as part of a complementary metal-oxide semiconductor (CMOS) layer of the
printhead. Each controller 246 (e.g., a drive circuit included in a controller) can
correspond to a single nozzle of the plurality of nozzles, although each nozzle of the
plurality of nozzles may have more than controller. The controller can produce an
ejection waveform(s) that can be applied globally (e.g., a golden waveform) or to
individual nozzles, for example, though use of a voltage scale memory (not shown),
a voltage scale (not shown), an arbitrary waveform generator (AWG) (not shown), an
amplifier (not shown), a lookup table (not shown), a digital to analogue converter
(DAC) (not shown), and/or a protective ground (PGND) (not shown), among other
possible components to promote sequencing printers. An ejection waveform can be
sent to a nozzle to cause a nozzle to fire. The ejection waveform can be based upon
a firing instruction. For instance, the ejection waveform(s) can be sent to a plurality
of nozzle(s) in a particular firing order, such as those described herein.

[0021] The controller 246 can be defined by or include a processor resource to
operate in accordance with a machine-readable program code, an application-
specific circuit (ASIC), a state machine, shift registers and/or parallel registers, as
described herein, and so on. Other constituency can also be used. Print controller
246 thus includes circuitry of the present teachings directed to sequencing printers.
For example, the controller 246 includes circuitry, having one or more resources in

accordance with the present teachings such as a plurality of shift registers 221
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including shift registers 224-1, 224-2, ..., 224-S and/or a plurality of parallel registers
222 including parallel registers 228-1, 228-2, ..., 228-P, among other circuitry. While
three shift registers 224-1, ..., 224-S and three parallel registers 228-1,..., 228-P
are illustrated in Figure 2, the present disclosure is not so limited. For example, the
a total number of shift registers 224-1,..., 224-S and/or a total number of the parallel
registers 228-1,..., 228-P can be a suitable number of shift registers and/or a parallel
registers to promote sequencing printers.

[0022] In some examples, each of the shift registers 224-1,..., 224-S and/or
parallel registers 228-1,..., 228-P can include a cascade of flip-flop circuits with two
stable states sharing a common time clock. Each flip-flop circuit can be connected
to the data input of the next flip-flop in the cascade, resulting in a circuit that shifts a
stored bit array by shifting in the data received at its input and shifting out the last bit
in the array at each transition of a clock input. However, the present disclosure is
not so limited. That is the shift registers 224-1,..., 224-S and/or parallel registers
228-1,..., 228-P can be any type of register and/or can input/output data in any order
suitable to promote sequencing printers. For example, each of the shift registers
224-1,..., 224-8 and/or parallel registers 228-1,..., 228-P can be a serial-in parallel-
out register, among other types of registers. The shift registers 224-1,..., 224-S
and/or parallel registers 228-1,..., 228-P can have a plurality of primitives included in
a primitive sequence (not shown) associated therewith, as described with respect to
Figure 3.

[0023] Each flip-flop circuit of a shift register can be referred to as a timeslot. For
example, shift register can include timeslots 225-1, timeslot 225-2, ...., 225-B, as
depicted in Figure 2 with respect to shift register 224-1 where the last timeslot
corresponds to timeslot 225-B. However, the shift registers 224-1,..., 224-S and/or
parallel registers 228-1,..., 228-P can include more or less timeslots.

[0024] The shift registers 224-1,..., 224-S and/or parallel registers 228-1,..., 228-
P can accept a number of input signals (e.g., data signals corresponding to firing
instructions, etc.) via any number of input lines (not shown) coupled to a first network
218 and/or a second network 219. The first network 218 and the second network
219 are separate and distinct (e.g., not included as part of each other). That is, the
shift registers 224-1,..., 224-S and/or parallel registers 228-1,..., 228-P can be
coupled to a first network 218 and a second network 219, respectively. In this
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manner, an amount of data sent to shift registers 224-1,..., 224-S and/or parallel
registers 228-1,..., 228-P via a respective network can coincide with a comparatively
smaller total amount of data to print a particular print job compared to other
approaches that may send print data (e.g., firing instructions) to each of the nozzles
as a single sequence via a single network.

[0025] Such a reduction in data sent to the printhead can enable a comparatively
smaller amount of circuitry to be associated with the printhead, among other
benefits. For instance, a first network (e.g., an 8 to 12 network) includes a
respective amount of area (e.g., physical space) and the second network (e.g., a 128
to 8 network) includes a respective amount of area that does not include the area
included in the first network. Advantageously, a sum area (e.g., 24 kilogates) of an
amount of area of the first network and an amount of area of the second network is
comparatively smaller than an amount of area (e.g., 74 kilogates) of a corresponding
single network (e.g., area of an 8 to 1536 network) due to sending respective
portions of print date (e.g., address sequences and/or primitive sequences) via
respective networks. Such a reduction in area associated with circuitry can again
promote smaller printheads and/or printers, among other advantages.

[0026] Figure 3 is a block diagram illustrating an example of a printer
implementing an example of a portion of a controller for sequencing printers
according to the present disclosure. A controller, as described herein, can include a
plurality of shift registers 321 including shift registers 324-1, 324-2,..., 324-S and/or a
plurality of parallel registers 322 including parallel registers 328-1, 328-2,..., 328-P.
In some examples, a total number of the shift registers is equal to a total number of
the parallel registers. That is, each shift register of the plurality of shift registers 321
can have a corresponding parallel register included in the plurality of parallel
registers 322. For example, shift register 324-1 can correspond to parallel register
328-1.

[0027] Each of the plurality of shift registers and the plurality of parallel registers
can include a plurality of timeslots. For example, shift register 324-1 can include
timeslots 325-1, 325-2, 325-3, and 325-B. Similarly, parallel register 328-1 can
include timeslots 329-1, 329-2, 329-3, 329-C, which can correspond to the timeslots
325-1, 325-2, 325-3, and 325-B, respectively. That is, timeslots in the shift registers
can have corresponding timeslots in the parallel registers. For instance, a total
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number of the timeslots 329-1,..., 329-C in the shift registers 321 can be equal to a
total number of the timeslots 325-1,..., 325-B in the parallel registers 322.

[0028] The timeslots of the shift registers can be assigned firing instructions (e.g.,
a 1 or a 0 that can be used to fire or not fire a nozzle). For example, shift register
324-1 can have firing instructions 330-1, 330-2, 330-3, and 330-Q assigned to
timeslots 325-1, 325-2, 325-3, and 325-B, respectively. Similar firing instructions are
assigned to shift registers 324-2, ..., 324-S but have been purposely omitted from
the figures for ease of illustration. Firing instructions can be assigned to the plurality
of shift registers equally, as described herein. Firing instructions can be assigned to
some of the timeslots of a shift register, as illustrated in Figure 3, or all of the
timeslots of the plurality of shift registers depending upon print data associated with
a print job. Assignment of the firing instructions, as described herein, enables at
least two nozzle data bits (e.g., firing instructions) to be assigned into the timeslots of
shift registers in one firing sequence. For example, eight bits of nozzle data can be
assigned to respective shift registers in one firing sequence.

[0029] Firing instructions assigned to the plurality of shift registers 321 can be
copied to the plurality of parallel registers 322. For example, assigned firing
instructions can be copied to parallel registers 322 in response to assignment of all
of the firing instructions of a firing cycle (e.g., assignment of all firing instructions
corresponding to a page of a print job) to the shift registers 321.

[0030] In some examples, assigned firing instructions can be copied to
corresponding parallel registers as a parallel load. A parallel load refers to
concurrently copying respective a firing instruction from each of the plurality of shift
registers to corresponding parallel registers in parallel (e.g., not in series). For
example, eight bits corresponding to eight firing instructions from eight respective
timeslots included in a first set of firing instructions (e.g., a set of firing instructions
323-1) can be copied concurrently to corresponding parallel registers included in a
subgroup (e.g., subgroup 326) of the plurality of parallel registers 322. In this
manner, each set of firing instructions 323-1, 323-2, 323-3, ..., 323-X can be copied
sequentially to corresponding parallel registers, for example. The firing instructions
can, in some examples, be copied to the parallel registers in response to each of a
plurality firing instructions for a firing cycle being assigned to the shift registers.
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[0031] The parallel registers 322 can have a plurality of primitives included in a
primitive sequence 331 associated therewith. A primitive sequence refers to
information (e.g., numerical sequence(s)) that identifies a respective firing order of
each of a plurality of primitives. For example, a primitive sequence 331 can include
a respective firing order of each of a plurality of primitives, as described herein,
included in the primitive sequence 331.

[0032] A primitive sequence can identify an ascending, a descending, and/or a
non-linear firing order of the primitives, among other possible firing orders of the
primitives to promote sequencing printers. For example, a primitive sequence
including a plurality of primitives 334-1, 334-2, 334-3,..., 334-R can be associated
with the parallel registers 328-1,..., 328-P. For instance, the plurality of primitives
334-1,..., 334-R can be associated with respective subgroups 326-1, 326-2, 326-
3,..., 326-K of the parallel registers 328-1,..., 328-P. As illustrated in Figure 3, a
respective subgroup (e.g., subgroup 326-1) of the plurality of parallel registers can
be associated with a respective primitive (e.g., primitive 334-1) of the plurality of
primitives 334-1,..., 334-R. In some examples, each nozzle on a respective primitive
can be assigned a firing instruction for each firing sequence (e.g., each page of a
print job).

[0033] A primitive sequence can be repeated across timeslots and/or vary across
timeslots. A repeated primitive sequence can, for example, be represented by
Rep(TS, Pseq), where Pseq is the primitive sequence and TS is a total number of
timeslots. Repeating primitive sequences, compared to non-repeating primitive
sequences, can enable a comparatively smaller amount of data to be sent to nozzles
of a printer, among other advantages. However, the present disclosure is not so
limited. That is, the primitive sequences can be non-repeating, varying, and/or a
combination of repeating and vary across timeslots.

[0034] A length of a primitive sequence is equal to a total number of primitives
included in a printhead and/or a total number of primitives associated with respective
subgroups of parallel registers, as described herein. An ASIC such as those
described herein, can, in some examples, employ a primitive select sequence. A
primitive select sequence refers to an “inverse” or complement of a primitive
sequence. It can be derived by subtracting a primitive sequence from N+1, where N
is a total number of a plurality of primitives (e.g., those included in a printbar). For



WO 2015/160352 10 PCT/US2014/034491

example, when N = 4, a firing sequence including in a primitive sequence
represented by {2, 4, 1, 3} will convert into {3, 1, 4, 2}. Use of a primitive select
sequence, can be employed by an ASIC (e.g., a digital ASIC), to avoid potential
complications with the ASIC using 0 as an index as may sometimes be employed by
an ASIC. The conversion from primitive sequences to primitive select sequences
can be performed, for example, by firmware (e.g., upon receipt off image data, print
data, and/or prior to printing a print job).

[0035] A primitive can include between 32-112 nozzles per primitive. For
example, a primitive can include 96 nozzles per primitive. Other primitives which
may be limited to no more than 20 nozzles per primitive due to firing/timing
constraints associated with due to sending print data (e.g., firing instructions) to each
of the nozzles as a single sequence via a single network, in contrast to sequencing
printers as described herein.

[0036] A firing order of the primitives and/or nozzles can be based upon a number
of considerations including ensuring a desired amount of color separation between
different colors of fluid, ensuring a desired amount of color separation within a
particular color of fluid (e.g., separation between ejections of fluid of two or more
nozzles printing the same color of fluid), among other considerations. In some
examples, the firing order can include sending a number of zero(s) in firing
instruction(s) to some nozzles of a printhead, for instance, to minimize cross-talk.
[0037] For example, a printer having a plurality of primitives, such as those
described herein, with a firing order represented by P1, P2, P3,..., PN (e.g., a last
and/or bottom primitive), can have an ascending firing order represented by {P1, P2,
P3,...}, a descending firing order represented by {PN, P11, P10}, and/or a non-linear
firing order represented by { P3, P5, P1, P7, ...}, among other possible firing orders
of the primitives. In a printbar, P1 can correspond to a top and/or first primitive of a
pen column in the printbar, P2 can be the next comparatively lower (compared to P1)
primitive of a plurality of primitives in the printbar, and PN can be a bottom (e.g., at
an opposite end of the printbar from P1) and/or last primitive included in the printbar,
among other possible arrangements.

[0038] In some examples, the shift registers 321 can be disposed in respective
parallel rows on an outer surface of a rotatable cylinder (not shown). Such a cylinder
can, for example, be rotatable to align a respective set of firing instructions included
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in each of the parallel rows on the outer surface of the rotatable cylinder with a
corresponding subgroup of parallel registers. In this manner, the rotatable cylinder
can function as the first network (e.g., promote assignment of firing instructions to
shift registers and/or copying firing instructions to parallel registers, etc.). The
rotation of the cylinder can be based upon timeslot data (e.g., data indicative of
which timeslot in which shift register a firing instruction is assigned) associated with
the firing instructions, among other information.

[0039] Figure 4 illustrates a diagram of an example of a system 470 for
sequencing printers according to the present disclosure. A system 470 can utilize
software, hardware, firmware, and/or logic to perform a number of functions. The
system 470 can be a combination of hardware and program instructions to sequence
printers. The hardware, for example can include a processing resource 472, a
memory resource 474 (e.g., computer-readable medium (CRM)). Processing
resource 472, as used herein, can include a number of processing resources
capable of executing instructions stored by a memory resource 474. Processing
resource 472 may be integrated in a single device or distributed across devices. The
program instructions (e.g., computer-readable instructions (CRI)) can include
instructions stored on the memory resource 474 and executable by the processing
resource 472 to implement a desired function (e.g., assign firing instructions included
in an address sequence, via a first network, to shift registers of a printer, etc.).

[0040] The memory resource 474 can be in communication with a processing
resource 472. A memory resource 474, as used herein, can include a number of
memory components capable of storing instructions that can be executed by
processing resource 472. Such memory resource 474 can be a non-transitory CRM.
Memory resource 474 may be integrated in a single device or distributed across
devices. Further, memory resource 474 may be fully or partially integrated in the
same device as processing resource 472 or it may be separate but accessible to that
device and processing resource 472. The system 470 may be implemented on a
printhead and/or printer, as described herein.

[0041] The processing resource 472 can be in communication with a memory
resource 474 storing a set of CRI executable by the processing resource 472, as

described herein. The CRI can also be stored in remote memory managed by a
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server and represent an installation package that can be downloaded, installed, and
executed.

[0042] Processing resource 472 can execute CRI that can be stored on an
internal or external memory resource 474. The processing resource 472 can
execute CRI to perform various functions, including the functions described herein.
For example, the processing resource 472 can execute CRI to copy firing
instructions, assigned to a plurality of shift registers of a printer via a first network, to
a plurality of parallel registers that correspond to the plurality of shift registers.
[0043] The CRI can include a number of modules such as an assign module 476,
a copy module 477, a provide module 478, an associate module 479, and a provide
module 480. The number of modules can include CRI that when executed by the
processing resource 472 can perform a number of functions. The number of
modules can be sub-modules of other modules. For example, an assign module 476
and a copy module 477 can be sub-modules and/or contained within the same
computing device. Similarly, a provide module 478 and a provide module 480 can
sub-modules and/or contained within the same computing device. In another
example, the number of modules 476, 477, 478, 479, 480 can include individual
modules at separate and distinct locations (e.g., CRM, etc.).

[0044] In various examples, the system can include an assign module 476. An
assign module 476 can include CRI that when executed by the processing resource
472 can assign a first set of firing instructions included in an address sequence, via a
first network, equally to each shift register of a plurality of shift registers of a printer.
Assigning equally refers to assigning a respective firing instructions to each shift
register of the plurality of shift registers and/or assigning firing instructions such that
each shift register can have an equal number of firing instructions assigned thereto
(e.g., 4 firing instructions assigned to each of shift register).

[0045] Such assignment can be based on timeslot data associated with the firing
instructions. A timeslot sequence (e.g., a plurality of timeslot data) can be
associated with an address sequence, for instance, such that each firing instruction
in the address sequence is associated with a respective portion of the timeslot data
included in the timeslot sequence. For instance, each firing instruction can have
corresponding timeslot data associated therewith that can determine which shift
register of the plurality of shift registers a particular firing instruction is assigned to.
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Advantageously, assignment based on timeslot data can promote non-linear
assignment of firing instructions to the plurality of shift registers. For example, a
firing instruction having a timeslot (e.g., timeslot 3) can be assigned to a shift register
(e.g., shift register 3) and another firing instruction having another timeslot (e.g.,
timeslot 0) can be assigned to another shift register (e.g., shift register 0). In some
examples, the assign module 476 can assign another set of firing instructions, via a
first network, to a plurality of shift registers, in response to copying the first set of
firing instructions, for example as described with respect to copy module 477, to the
plurality of parallel registers.

[0046] A copy module 477 can include CRI that when executed by the processing
resource 472 can perform a number of copying functions. A copy module 477 can
copy firing instructions, assigned to a plurality of shift registers of a printer via a first
network, to a plurality of parallel registers that correspond to the plurality of shift
registers. For example, copy module 477 can copy each of the assigned firing
instructions (e.g., assigned firing instruction included in the first set of firing
instructions) to a plurality of parallel registers. Each shift register of the plurality of
shift registers can have a corresponding parallel register of the plurality of parallel
registers to promote copying by the copy module 477.

[0047] A provide module 478 can include CRI that when executed by the
processing resource 472 can perform a number of providing functions. The provide
module 478 can include instructions to provide, via a second network, the primitive
sequence to the parallel registers. The instructions described herein with respect to
the number of modules can, for example, be stored in an internal or external non-
transitory CRM coupled to the printing device (e.g., the printer 143 as illustrated in
Figure 1) that can execute instructions stored in the internal or non-transitory
external CRM. For example, the provide module 478 can provide a primitive
sequence including a firing order of each of a plurality of primitives to the parallel
registers. In some examples, the provide module 478 can provide a primitive
sequence to the parallel registers in response to copying each of the firing
instructions assigned to the shift registers to the parallel registers. This can promote
copying, providing, etc. of consecutive sets of address sequences including firing

instructions and/or primitive sequences to print a print job, among other advantages.
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[0048] A select module (not shown) can select a primitive sequence including a
respective firing order of each of a plurality of primitives included in the primitive
sequence. Such a primitive sequence (e.g., a primitive sequence including a firing
order of each of a plurality of primitives) can be provided, by a provide module 478,
via a second network, to parallel registers.

[0049] The system can include an associate module 479. An associate module
479 can include CRI that when executed by the processing resource 472 can
provide a number of associating functions. The associate module 479 can associate
each of the plurality of primitives with respective subgroups of the plurality of parallel
registers. For example, the associate module 479 can associate the plurality of
primitives with respective subgroups of the plurality of parallel registers such that a
firing instruction of each of the parallel registers can be associated with a primitive of
the plurality of primitives.

[0050] A select module (not shown) can select, a firing instruction, of a parallel
register included in a subgroup of the parallel registers associated with a first
primitive in the primitive sequence to be printed. For example, the select module can
select firing instructions of a respective subgroup associated with a first primitive in
the primitive sequence to be printed (e.g., provided to a printer by the provide
module 480). The select module can, in some examples, select firing instructions of
a respective subgroup associated with a second primitive in the primitive sequence
in response to each of the selected firing instructions of the first primitive being
provided to a printer (e.g., by the provide module 480).

[0051] A provide module 480 can include CRI that when executed by the
processing resource 472 can perform a number of providing functions. A provide
module 480 can provide a plurality of firing instructions of a respective subgroup of
the parallel registers associated with a first primitive in the primitive sequence to a
plurality of nozzles to be printed. A total number of a plurality of nozzles included in
each of the plurality of primitives can be the same (e.g., each primitive can include
32 nozzles).

[0052] In some example, the provide module 480 can send firing instructions to
the nozzles as a sequence of firing data sent to at least two of the nozzles
concurrently. For instance, firing instructions included in a subgroup of parallel

registers can be provided concurrently to the nozzles (e.g., to 8 nozzles
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concurrently). The nozzles can be fired based on the firing instructions provided by
the provide module 480.

[0053] The memory resource 474 can be integral, or communicatively coupled, to
a computing device, in a wired and/or a wireless manner. For example, the memory
resource 474 can be an internal memory, a portable memory, a portable disk, or a
memory associated with another computing resource (e.g., enabling CRIs to be
transferred and/or executed across a network such as the Internet).

[0054] The memory resource 474 can be in communication with the processing
resource 472 via a communication path 473. The communication path 473 can be
local or remote to a computing device) associated with the processing resource 472.
Examples of a local communication path 473 can include an electronic bus internal
to a computing device where the memory resource 474 is one of volatile, non-
volatile, fixed, and/or removable storage medium in communication with the
processing resource 472 via the electronic bus.

[0055] The communication path 473 can be such that the memory resource 474
is remote from the processing resource (e.g., 472), such as in a network connection
between the memory resource 474 and the processing resource (e.g., 472). That s,
the communication path 473 can be a network connection. Examples of such a
network connection can include a local area network (LAN), wide area network
(WAN), personal area network (PAN), and the Internet, among others. In such
examples, the memory resource 474 can be associated with a first computing device
and the processing resource 472 can be associated with a second computing device
(e.g., a Java®server). For example, a processing resource 472 can be in
communication with a memory resource 474, where the memory resource 474
includes a set of instructions and where the processing resource 472 is designed to
carry out the set of instructions.

[0056] Figures 5 is an example of a method for sequencing printers according to
the present disclosure. As shown at 592, the method 590 can include assigning
firing instructions included in an address sequence, via a first network, to shift
registers of a printer. Firing instructions can be assigned based on content of a print
job sent to a printer. For example, content included in a print job, such as content
included in each of a number of pages included in the print job can be analyzed prior
to printing the print job. Such analyzing can include analyzing page dot density (e.g.,
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a dot distribution map) of the print job, among other data included in a print job. The
print job can be analyzed while in a printing queue, for example, in a printing queue
including a number of print jobs to be printed and/or can be analyzed during spooling
of the print job, among other suitable times before printing. In some examples, the
firing instructions can be assigned equally, as described herein, to the shift registers.
[0057] The method 590 can include, copying, the assigned firing instructions, to
parallel registers that correspond to the shift registers, as shown at 594. The
assigned firing instructions can be copied from the shift registers to the parallel
registers via a suitable interconnection (e.g., network) between the first network and
the second network. In some examples, assigned firing instructions, such as those
assigned at 592, can be copied to the corresponding parallel registers as a parallel
load, as described herein.

[0058] As shown at 596, the method 590 can include providing, via a second
network, a primitive sequence including a respective firing order of each of a plurality
of primitives to the parallel registers. The method 590 can include associating the
plurality of primitives with respective subgroups of the parallel registers, as illustrated
at 598.

The method 590 including 592, 594, 596, 598 can include executing instructions, for
example, as described with regard to the processing resource(s) herein, stored in
memory resource(s) to perform the examples of the method described therein.
[0059] The figures herein follow a numbering convention in which the first digit or
digits correspond to the drawing figure number and the remaining digits identify an
element or component in the drawing. As will be appreciated, elements shown in the
various examples herein can be added, exchanged, and/or eliminated so as to
provide a number of additional examples of the present disclosure. In addition, the
proportion and the relative scale of the elements provided in the figures are intended
to illustrate the examples of the present disclosure, and should not be taken in a
limiting sense. As used herein, “a number of” an element and/or feature can refer to
one or more of such elements and/or features. In addition, “for example” and similar
phrasing is intended to mean, “by way of example and not by way of limitation”.
[0060] The specification examples provide a description of the applications and
use of the system and method of the present disclosure. Since many examples can
be made without departing from the spirit and scope of the system and method of the
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present disclosure, this specification sets forth some of the many possible example

configurations and implementations.
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What is claimed:
1. A method for sequencing printers, comprising:

assigning firing instructions included in an address sequence, via a first
network, to shift registers of a printer;

copying, the assigned firing instructions, to parallel registers that correspond
to the shift registers;

providing, via a second network, a primitive sequence including a respective
firing order of each of a plurality of primitives to the parallel registers; and

associating the plurality of primitives with respective subgroups of the parallel
registers.

2. The method of claim 1, wherein each nozzle on a respective primitive is
assigned a firing instruction for each firing sequence.

3. The method of claim 1, including selecting firing instructions of a respective
subgroup associated with a first primitive in the primitive sequence to be printed.

4. The method of claim 3, including selecting firing instructions of a respective
subgroup associated with a second primitive in the primitive sequence in response to
each of the selected firing instructions of the first primitive being provided to a printer.

5. The method of claim 1, wherein a total number of the shift registers is equal to

a total number of the parallel registers.

6. The method of claim 1, wherein the assigned firing instructions are copied to
the corresponding parallel registers as a parallel load.

7. The method of claim 1, wherein the firing instructions are assigned equally to

the shift registers.

8. A controller including logic, embedded in an application specific integrated
circuit (ASIC) to control a printhead having a plurality of nozzles, the controller to:
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copy firing instructions, assigned to a plurality of shift registers of a printer via
a first network, to a plurality of parallel registers that correspond to the plurality of
shift registers;

select a primitive sequence including a respective firing order of each of a
plurality of primitives included in the primitive sequence;

provide the primitive sequence, via a second network, to the parallel registers;

associate the plurality of primitives with respective subgroups of the plurality
of parallel registers, wherein a firing instruction of each of the parallel registers is
associated with a primitive of the plurality of primitives; and

select, a firing instruction, of a parallel register included in a subgroup of the
parallel registers associated with a first primitive in the primitive sequence to be
printed.

9. The controller of claim 8, including instructions to assign another set of firing
instructions, via a first network, to a plurality of shift registers, in response to copying
the firing instructions to the plurality of parallel registers.

10.  The controller of claim 8, wherein the primitive sequence is provided to the
parallel registers in response to copying each of the firing instructions assigned to
the shift registers to the parallel registers.

11. A system for sequencing printers, the system comprising a processing
resource in communication with a memory resource having instructions and the
processing resource designed to carry out the instructions, the instructions
executable to:

assign a first set of firing instructions included in an address sequence, via a
first network, equally to each shift register of a plurality of shift registers of a printer
based on timeslot data associated with the firing instructions;

copy each of the assigned firing instructions to a plurality of parallel registers,
wherein each shift register of the plurality of shift registers has a corresponding
parallel register of the plurality of parallel registers;

provide, via a second network, a primitive sequence including a firing order of

each of a plurality of primitives to the parallel registers;
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associate each of the plurality of primitives with respective subgroups of the
plurality of parallel registers;

provide a plurality of firing instructions of a respective subgroup of the parallel
registers associated with a first primitive in the primitive sequence to a plurality of
nozzles to be printed.

12.  The system of claim 11, wherein a sum of an amount of area of the first
network and an amount of area of the second network is comparatively smaller than

an area of corresponding single network.

13.  The system of claim 11, wherein the first network and the second network are
separate and distinct.

14.  The system of claim 11, wherein the plurality of shift registers are each

disposed in respective parallel rows on an outer surface of a rotatable cylinder.

15.  The system of claim 11, wherein a nozzle is fired based on a firing instruction
of the plurality of firing instructions provided to the parallel registers.



PCT/US2014/034491

1/5

I "S1q

W~ 1MOJSNVYL 3LV41SENS LN
" N
P11 s
[L—T T — .,
> — —
100
GL—’ a
SHOLYINOY
ovl—’ a
Y
¥ITIONINOD | S3MddnS aiNT4 ONILNIY

WO 2015/160352

)
ol

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034491

WO 2015/160352

2/5

¢80C—

S-vcc

N\-Z-¥2¢

\

4

g-6¢¢

)
e [ IN

AR

744

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034491

WO 2015/160352

3/5

_ w g8y
WPES EVEE TYEE 1bES
§ 4 §
IR
_~d-82¢
_~7-82¢
00 | 80 | 910 | 20 |8z
?Nm\mmwm\mm%\;s *_
NCEEAE-CEEA CEEALZEEA 776

N-92¢ €-9¢¢ ¢-9¢E 1-9¢¢

S

(e

on_

wm_

oE

#Nn_

|-

\m -GCE m” -GCE \Nmmm \P -GCE

0-0¢e€ +m omm+~ ommt 0ee +
X-€¢¢ €€t &€t |-€ct

/me

SUBSTITUTE SHEET (RULE 26)



WO 2015/160352 PCT/US2014/034491

4/5

470
\ PROCESSING | 472
RESOURCE [V

473

MEMORY RESOURCE  (_ A4

ASSIGN MODULE  1—476
COPY MODULE [ 1477
PROVIDE MODULE  [—478
ASSOCIATE MODULE [—479
PROVIDE MODULE [ 1—480

Fig. 4



WO 2015/160352 PCT/US2014/034491

5/5

590
N

ASSIGNING FIRING INSTRUCTIONS INCLUDED IN AN ADDRESS
SEQUENCE, VIAAFIRST NETWORK, TO SHIFT REGISTERS OF APRINTER

COPYING, THE ASSIGNED FIRING INSTRUCTIONS, TO PARALLEL
REGISTERS THAT CORRESPOND TO THE SHIFT REGISTERS

504

PROVIDING, VIAA SECOND NETWORK, A PRIMITIVE SEQUENCE
INCLUDING A RESPECTIVE FIRING ORDER OF EACH OF A PLURALITY
OF PRIMITIVES TO THE PARALLEL REGISTERS

ASSOCIATING THE PLURALITY OF PRIMITIVES WITH RESPECTIVE
SUBGROUPS OF THE PARALLEL REGISTERS

5098

Fig. b



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2014/034491

A. CLASSIFICATION OF SUBJECT MATTER
B41J 29/38(2006.01)i, B41J 2/135(2006.01)i

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)
B41J 29/38;, B41J 29/393, B41J 29/46; B41J 2/155; B41J 2/35; B41J 2/135

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: sequencing, printer, shift register, parallel register, addressing

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

A US 2007-0247490 A1 (SHEAHAN et al.) 25 October 2007 1-15
See paragraphs [0102], [0142], [0188]-[0192], [0250], [0299], [0563];
and figures 3, 17, 31.

A US 2013-0293623 A1 (MARTIN et al.) 07 November 2013 1-15
See paragraphs [0032]-[0033], [0050]-[0053]; and figures 2, 5.

A US 2008-0001981 A1 (HU et al.) 03 January 2008 1-15
See paragraphs [0045]-[0047]; and figure 8.

A US 2010-0182390 A1 (IMAIZUMI, ATSUYUKI) 22 July 2010 1-15
See paragraphs [0040]-[0041]; and figure 1.

A JP 2011-093227 A (KONICA MINOLTA HOLDINGS INC.) 12 May 2011 1-15
See paragraphs [0041]-[0044]; and figure 3.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

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

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

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

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

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

e

"

o

"pr

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

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

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

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search

26 December 2014 (26.12.2014)

Date of mailing of the international search report

26 December 2014 (26.12.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

LEE, Chang Ho

Telephone No. +82-42-481-8398

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/034491
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007-0247490 Al 25/10/2007 US 2006-0274112 Al 07/12/2006
US 7275805 B2 02/10/2007
US 7891766 B2 22/02/2011
US 2013-0293623 Al 07/11/2013 CN 103328218 A 25/09/2013
EP 2668041 Al 04/12/2013
US 8882237 B2 11/11/2014
WO 2012-102709 Al 02/08/2012
US 2008-0001981 Al 03/01/2008 TW 232801 A 21/05/2005
US 2005-0225578 Al 13/10/2005
US 2007-0291061 Al 20/12/2007
US 2011-0074847 Al 31/03/2011
US 7284809 B2 23/10/2007
US 7547083 B2 16/06/2009
US 7922276 B2 12/04/2011
US 8033626 B2 11/10/2011
US 2010-0182390 Al 22/07/2010 CN 101879817 A 10/11/2010
CN 101879817 B 10/10/2012
JP 2010-162810 A 29/07/2010
JP 5407353 B2 05/02/2014
KR 10-1393976 Bl 12/05/2014
KR 10-2010-0084984 A 28/07/2010
US 8284225 B2 09/10/2012
JP 2011-093227 A 12/05/2011 JP 5445035 B2 19/03/2014

Form PCT/ISA/210 (patent family annex) (July 2009)



	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 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

