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NOZZLE FIRING ORDER CONTROLLER

BACKGROUND

{001] To maintain print quality (PQ) of printed cutput from a printer, the print nozzles
from which print fluld is dispensed are monitored o determine thelr print Huid
glispense performancs, algo referred o 88 "nozzie health”. Depending on g nozzig’s
performance it may be actuated, also referred o as "fired”, in a manner to improve or
rectify poor or sub-operational performance and also 1o avoid the use of nozzles
delermined as being non-cpsrational, alse referred {0 as “dead nozzles’. The
improvement or rectification of the dispense performance of a nozzle or the
avoidance of the use of a nozzle is 1o be achieved without missing content in the
printed output and minimising detriment to the print quality.

BRIEF DESCRIPTION OF THE DRAWINGS

{0021 The following desuription is provided by way of sxampis and with refersnce o
the groompanying drawings, i which:

0031 Figure 1 B g schemalic Husiration of g printer with 8 nosgle fring order
cowttraiiar in accordance with an example of the prasent disclosure;

{004] Figure 2 18 3 schematic #ustration of an example of a print carmiage and a
noie trenches o accordancs with the present disclosure;

{0051 Figure 3, Hlustrates g proceass flow control diagram setting out the procedure
for populating a nozzle health database for an example in accordance with the
present disclosure;

DESCRIPTION

{006] Referring to figwre 1, a printer 100 comprises a store of image dafa 102 in
which a digital representation of the image to be pranted is stored. The image data
store 102 also comprises masks for respective calours {6 dispanse a combination of
prird fluid from the printer on {0 a page being printed o achieve a colour or
corresponding to the part of the image being printed. For a black and white mode of
printing or a grayscale print the mask may be a simpie binary mask representative of
dispensing or non-dispensing of a black print fluid.
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{007] Printer 100 also comprises a nozzle health database 104, Nozzle health may
be determined in the present example by drop detection measurement. The heaith of
a nozzie may be categorised as simply good or bad meaning that a good nozzie may
be used and use of a bad nozzle should be avoided. Intermediate performance
categories may also be determined for a nozzie depending on measured drap

characterigtics, for example drop size.

{008] An example of nozzle actuation management circuilry 108 in accordance with
the disclosure is Hlustrated collectively in the described example and includes g

nozzle firing Application Specific integrated Circuit (ASIC) 114 which produces
nozzle actuation electrical signails in the order defined in the firing order table 112
and provides the actuation signals to nozzles to cause them {o fire. The nozzle firing
order controlier 108 circuit may control nozzies to change an order in which the
nozzies are actuated from ficing event {o finng event. The nozzie firing order
controlier 108 dircuit may control nozzles 16 actuate a nozzie of the plurality of fluid
dispense nozzles mare than once in a pass.

{009] Figure 2 is a schematic Mustration of an example of a print head carriage 200
housing a number of nozzle trenches 202...204. Each nozzle french 202, 204 has 12
nozzies: 202{0}, 202(1)... 202(10}, 202{11); and 204(0), 204(1)... 204010}, 204(11}.
Electrical firing signals are supplied from nozzle firing ASIC 114 {o respective
nozzies in each nozzie trench 202. .. 204 which are to fire. The number of trenches
may vary from print head o print head depending upon implementation detall and
gdesign orteria. In figure 2, the dots between respective iHlustrated nozzle trenches
202 and 204 are intended to indicate that further renches may be included bebveen
ihe illustrated trenches. Likewise, the dots between the Bustrated nozzles are

intended to indicate the presence of nozzles (2) through 1o (8).

1010} inthe process for printing an image, the print head carfage 202 is passed

relative to the medium upon which the printing takes place. In the described
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example, the printing medium is moved in a first direction relative to the prind
carriage and the print carriage moves in a second direction perpendicular to the first
direction. The described example is a multi-pass printer having two passes. That is
to say, the print head carriage 202 moves in the second direction two times for the
same part of the image o be printed. A different set of nozzles in sach trench is used
per parts. For example, i1 8 two pass scaming printer hailf of the nozzles are used
on the first pass and therefore half the density of printing takes place. In the second
pass the media, or build material, on which the printing is taking place is advanced in
the second direction a distance corresponding to the nozzies already used and the
remaining half of the nozzles are used.

{011] A french comprising nozzles may be used for a particutar function, for
exampie {o print a specific colour o gven 1o print a fixing fluid. Depending upon
whether or not a trench is {0 be used in a particular pass, for example what colour is
to be printed or whether or not a fixing fluid is to be applied, a mask s applied over
the trench which will mask off the nozzies of a trench which is not o used.
Additionally, in any paricular pass half the nozzies of g trench will be used and s¢
those nozzies not being used will be masked.

{013] Nozzle mask 118 is a binary mask representing Srng/not firing of each nozzie ofthe
tranch and each column of the image for printing the image. Nozzle mask 110 controls
nozzie firing ASIC 114 which outputs electrical signals 1o the nozzies to cause them
o fire. In the example in accordance with the present disclosure, finng order
controlier 108 ulilises data in the nozzie health database 104 {o determine which
nozzies of the trench to be used in the current pass as indicated in the nozzie mask
are to be ullised and in what order. The determination of nozzle order made by firing
order controller 108 creates a firing order table 112, Thus, even though the nozzie
mask 110 may indicate that a nozzle is 1o fire in a pass i that nozzle is dead or has
some other status that means the firing order controller 108 has determined it is not
o be usad the firing order table will control fire signals o fire a replacement nozzie.
In the exampile illusirated in figure 2, nozzles (B} through to (5) are applied in the first
pass and nozzles {8} through to {11) are applied in the second pass.
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{013] in the example in accordance with the present disclosure a different firing
arder table 112 is generated in real ime for each franch and pass according to
nozzle health information stored in the nozzie health database 104

{014] The firing order table 112 will be the same during the pracess of printing a iob
for regpective trench 202/204 unless a drop detection occurs during the printing
process which indicates a change in the health of the nozzle in a french. If drop
getection ocours the nozzie haalth information is updated in the nozzie data base
104 with the drop detection sensor data during the printing process. Any change in
the health of a nozzle will be automatically included in the nozzle health database
104 by way of the updating of drop detection sensor which will incorporate the most
recent measurement. If drop detecton occurs or is initiated by the printer 100 or print
head 200 the firing order controller 108 re-computes the firing order tables 112 and
the binary nozzle mask 110 is regenerated, Drop detection may not be launched
while printing and conseaquently the binary mask generated from the firing order table
112, and gach firing order table 112 dsel, for each french {0 be generated just once
hefore the start of the printing process.

{015] In the described example, firing order controller 108 is implemented by way of
programmable microprocessor sircualiy in accordance with machine-readable
instructions provided thereto. Firing order controlier 108 may be implemented as part
of machine-readable instructions for implementing firing order management circuitry
108 and all the nozzle health database 104 and the management and analysis of
image data 102. Tumning now to figure 3, a process flow conirol diagram is llustrated
sefting out the procedure for populating the nozzle health database 104,

{016] Turning now o figure 3 there is Hllustrated a process flow control diagram 300
for the population of the nozzle hesalth database 104 for the present example. Al
phase 302, drop detection is launched. Drop detection is initiated and the signal is
received at the firing order controlier 108 from the sensor or drop defector, phase

304. The signal from the sensor or drop detector is representative of the size of the
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drop. The signal received from the sensor or drop detector is processed and
analysed in the firing order controlier 108 o determine drop size at phase 306.

{017] Process flow control proceeds to phase 308 in which the drop size is
svaluated and assigned fo a nozzle performance category. The nozzle performance
category may comprise a hierarchy of performance status indicaling different levels
of health severily and running from a performance category in which there is no
nozzle health issue to a performance category in which the nozzie may be
considered wnusable and therefore “dead”. Where there is no nozzle health
performance issue, the sigtus may simply be considered as “use” whereas were
nozzle is considered {o be completely dead the status may simply be considered as
‘do not use”. The intermediate categories between “use” and "do not use” status
indicate sub- operational performance which may mean that the nozzle can be used
or not used depending upon the circumstances. In the example in accordance with
the described disclosure the following calegories may be established and g nozzle
performance assigned 1o a respective category in phase 308.

{018] The respective nozzle performancs categories for the example described in
accordance with the present disclosure are set out below:

*None" ~ indicates that no heaith issue was identified for the nozzie;

*A - Failing {contradictory information from drop detector in the last runs);

“B"- Possibly dead (non-consecutive drop detections have given some signals
warning a possibie problemy;

“‘C7- Almost dead {(not firing in most of the last n drop detections);

‘D"~ Completely dead {not firing in the last n drop detections).

{019] Al phase 310, the nozzle performance category assigned to the signal
received from the drop detector is compared with a stored nozzie performance
category for the nozzle under analysis. if the nozzle performance category is
different from that previously stored, phase 312, process control flows to phase 314
at which the nozzle heglth database 104 {s updated with the new performance
category the nozzle under analysis. i the nozzle category is not different process
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control flows to decision phase 316 where it is determinad whether or not the nozzle
under analysis is the last nozzie that is to be analysed. if these not the last nozzle {0
be analysed process control flows back to phase 310 where the nozzie performance
category for the next nozzle in the analysis sequence is compared with the nozzle
performance category stored in the nozzle health database 104 for that next nozzle.
Otherwise, if it s determined at phase 316 that the last nozzle has been analysed
then process control flows to the endpoint 318.

{020] Anexample of a table for a french 202 that may be stored in nozzle health
database 104 as illustrated in figure 4. The nozzie identily s set out in a first column
and the health status is set out in the second column. An example of the firing order
controlier 108 in accordance with the described disclosure utilises directly the low
level information of nozzle status provided by the nozzle health database 104 o
determine a firing order for nozzle usage.

[021] An exampie of the operation of the firing order controller 108 in accordance
with the present disclosure will now be described with reference {o figure 5 which

Hustrates a firing order {able that has may be derived for nozzle french 202 based
tpan the nozzle table stored in nozzle health database 104 four trench 202 and

Hustrated in igwre 4.

{022] in the described example the nozzle heaith table Hlustrated in figure 4
inclicates the following usage cases and decision trees executed by the firing order
controlier 108 under control of machine-readabie instructions.

{0231 Nozzie O will not be replaced.

{024] Nozzie 1 having status C, may bs replaced with nozzle 0, due to nozzie 2
being dead. Thus, nozzle O will fire for respective pixels, its own and for the pixel for
which it is replacing nozzie 1. Respeciive firing of nozzle O wilt ake place in two
different firing events ~ the firing event in which nozzie 0 would normally fire and the

firing event for nozzle 1.
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f025] Nozzle 2 is dead, so nozzie 3 is to replace nozzie 2.

{026] Nozzies 3 and 4 are alive. Nothing special is 1o be done with them. Just use
them to fire f they are to do it

[027] Nozzie status for nozzle 5 is A, This nozzie performance status is in g sub-
aperational performance category and at a relatively high end of the nozzie
performance category hierarchy. Consequently, although it may have a sub-
operational performance it may nevertheless be usable. Thus, it may be used or
Nozzle 6 can he recovered by S or 7, bt 7 is aimost dead. Nozzle & is assigned {o
be used twice as multiple firing of a nozzie may improve ifs performance as it can
cause dislodging of any confaminant or system self-correction of the nozzle, Thus,
the firing order controller 108 populates the firing order table 112 so that nozzie 5 will
fire iy its usual position and also when nozzle 6 has o fire o replace nozzie 6.

{028] The decision tres for nozzie 5 provides for a branch in which nozzle, dueto its
relatively high place i the performance category hierarchy, may be used and is used
twice so that it not only replaces an adjacent nozzle is also fired for its own location

for nozzie mainisnance purposes.

1029] Nozzle 8 is used instead of 7, whose status is C and too low in the nozzle
performance category hierarchy attempt fo be made {o fire it fo attempt a self-
correction.

{030] The group of nozzles 8, 10 and 11 may be considered togethear and firing
order controller 108 popudates the firing order table 112 to replace nozzle 10 with
nozzie 9 because nozzie 10 is towards an end of the trench and nozzle quality may

order controlier 108 populates firing order table 112 so that nozzle 9 fires for its own
focation and also o replace nozzle 10. Nozzie 11 is replaced by the nozzles in the
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middie of a trench first in order 1o warm the nozzies at the ends nozzle 10 because
although nozzie 10 has a lower performance than nozzle 11, nozzie 11 is at the
axtreme end of the trench and therefore may have a lower quality output than nozzle
10 even though nozzie 10 is in a lower performance category than nozzie 11, Making
nozzles fire more often than expected or designed for may contribute {0 an increase
in termperature, making the printing fluid more liqguid and therefores have a bigger drap
in the media once fired. Using trenches in the middie to increase performance of
nozzles in the border is an example of an application of the heating effect and this
also may be applied 1o a single nozzle iself

[031] inan example of the firing order controller 108 in accordance with the present
disclosure, the firing order confroller 108 may execute machine-readable instructions
{o use of the french. The nozzies that are at the end of the trench may be colder than
those towards the middie and dispense a smaller drop weight or size of printing fluid

and thus provide less coverage and worse print quality than the nozzles towards the

middie the trench Q.

{032] Figure & illustrates & {able comprising g firing order table 112 defined as a 1-
column table with as many rows as nozzies in the trench being used, in the present
example. The number in each respective row determines which nozzie will be
actuated to fire and therefore the order in which the nozzles will recsive the electrical
pulses that make them fire or not at a given position.

{033] The table Hlustrated in figure 6 is entitled “firing order” because it is indicative
of the order in which nozzies of trench 102 will be activated. The position of each
nozzle entry in the table dlusirated in figure 6 determines when nozzle is actuated {o
be fired. However, it an example of a firing order controfler 108 ih accordance with
the present disclosure nozzles may not be actuated or fired in real time in the order
set out the table of figure 6. Actuation of & print head may be inresponse {o 8
number of finng events in which groups of nozzles would be actuated {o fire
according to the relevant binary mask. Amongst other things, utilising a plurality of
firing events separates the firing of closely adjacent nozzies in a trench and therefore
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may ameliorate the possibility of thelr being msufficient printing fluid for the firing of a

nozzle.

{034] in one example there may be 8 possible firing event timings such that the
sequence is 0,1,.2,3,4.5,8,7,0,1.2,34.566,7,0,1,2.3... and so on. Thus, in the example
firing order table illustrated in figure § at the first firing event pulse nozxie 4 and 8
would fire, then 5 and 8, then 5 and 9, then 3 and 10, then 3, then 0, then 0 and
finally 8.

[035] Insofar as the disclosure described above is implementable, at least in part,
using & machine readable instruction-controlled programmable processing device
such as a general purpose processor or special-purposes processor, digital signal
processor, microprocessor, of other processing device, data processing apparatus or
computer system it will be appreciated that a computer program for configuring a
programmable device, apparatus or system to implement the foregoing described
methods, apparatus and system is envisaged as an aspect of the present disclosure
ang claimed subject matter. The computer program may be embodied as any
suitable type of code, such as source code, object code, compiled cods, interprefed
code, executable code, sialic code, and or dynamic code, for example. The
nstructions may be implemented using any suilable high-level, lbw-level, object-
oriented, visual, compiled and/or interpreted programming language, such as €,
C++, Java, BASIC, Perl, Matisb, Pascal, Visual BASIC, JAVA, ActiveX, assembly
language, machine code, and so forth. The term “computer” in ifs most general
sense may encompass programmable devices such as referred (o above, and data
processing apparatus and computer systems in whatever format they may arise, for
sxample, deskiop personal computer, laptop personal compuder, tablet, smart phone
or other compiting device.

{036] The computer program may be stored on g computer readable storage
medium in machine readable form, for example the computer readable storage
medium may comprise memory, removable of non-removable media, erasable or
non-erasable media, writeable or re-writeable media, digital or analog media, hard
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disk, fioppy disk, Compact Disk Read Only Memory {CD-ROM), Compact Disk
Recordable {CD-R), Compact Disk Rewriteable (CD-RW), optical disk, magnetic
media, magneto-optical media, removable memory cards or disks, various types of
Digital Versatile Disk (DVD) subscriber identity module, {gpe, casselle solid-state
memory.  The computer program may be supplied from a remote source and
gmbodied i g communications mediim such as an slectronic signal, radio
frequency carrier wave or optical carier waves. Such carrier media are also

envisaged as aspects of the present disclosure.

[037] As used herein any reference 1o “one disclosuyre” or “g disclosure” means that
a particular slement, featwre, structure, or characteristic described in connection with
the disclosure is included in at least one disclosure. The appearances of the phrase
“in one disclosure” or the phrase “in an disclosure” in various places in the
specification are not necessarily all referring to the same disclosure.

[038] As used herein, the ferms “comprises,” “comprising,” “includes” "including,”
“has,” “having® or any other variation thereof, are intended {o cover a non-exclusive
inclusion. For example, a process, method, article, or apparatus that comprises a list
of slements is not necessarily limited to those elements but may include other
elements not expressly listed or inherent to such process, method, anicle, or
apparatus. Further, unless expressly stated to the contrary, "or” refers to an inclusive
or and not {0 an exclusive or. For example, a condition A or B is satisfied by any one
of the following: A is true {or present) and B is false {or not present}, A is false (or not
present) and B is true {or present}, and both A and B are true {or present).

{039] In addition, use of the “a" or "an” are employed o describe elements and
components of the disclosure. This is done merely for convenience and to give a
general sense of the disclosure. This description should be read to include one or at
least one and the singular also includes the plural unless it is obvious that i is meant
otherwise.
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{040] Various modifications may be made within the scope of the disclosure.
Although examples of the disclosure has been described using a printer, the
disclosure is not limited {0 use with printers but may be implemented in other devices
in which fluld is dispensed through a pluralily of proximally located fluid dispense
nozzies. The nozzle health database may be located remote from the printer, so to
{he image daia store oF a part thereof.

{041] Drop detection and measurement may be achieved using a method other than
that referred (o in the described example and examples in accordance with the
disclosure include printers other than ink jet printers that dispense print fluid through
a plurality of proximally disposed nozzles and where print fluid dispense pedormance
of a nozzle may be measured. Drop detection and measurement for the example
described herein refers to drop size but other characteristics of a drop may be used
instead or in addition to drop size. Although an example of the disclosure has been
described in which nozzle health information was updated during a printing process,
this feature may not be activated in procuction prinbmodes.

{042] Although the disclosure has been described with reference fo a
programmable integrated circult such as a microprocessaor other programmabie
devices such as referred to above may be used. Firing order controlier 108, and or
other elements of the firing order management circuitry alone or in combination, may
be implemented in hardware using discrete circuiry or machine-readable instructions
or a combination thereof.

{043] The size of the firing order table 112 in terms of the number of rows may not
maich exactly the number of nozzies in the {renches. A {able corresponding 0 a
single trench can be separated into tables of lesser size and applied periodically to
the rest of the nozzles of the trench.

{044] The scope of the present disclosure includes any novetl feature or combination
of features disclosed therein either explicitly or implicitly or any generalisation thereof

rrespective of whether or not it relates to the claimed subject matier or mitigates
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against any or all of the issues addressed by the present disclosure. The applicant
hereby gives notice that new claims may be formulated to such features during
prosecution of this application or of any such further application derived therefrom.
In particular, with reference to the appended claims, features from dependent claims
may be combined with those of the indepsendent claims and features from respedctive
independent claims may be combined In any appropriate manner and not mersly in
specific combinations enumerated in the claims.
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CLAIMS:

1.

A circuit for controlling a plurality of fluid dispense nozzies, the circuit o change
an order in which the fluid dispense nozzles are actuated.

A circuit according to claim 1, the circuit 1o changs the order in which the plurality
of fuid dispense nozzies are actuzted in dependence on g nozzle performance
status for a nozzie of the pluralily of fluid dispense nozzles.

A circutt according to claim 2, the circudt o inspect a slore of the nozzle
performance status for the nozzle of the plurality of fluld dispense nozzies.

A circuit according to claim 2, the circuit 1o changs the order in which the plurality
of fluid dispense nozzies are acluated in dependence on respective nozzie
parformance for a multiplicity of the plurality of fluid dispense nozzies.

A circutt according to claim 4, the circuit to inspect a store of the nozzle
performance status for the mullipticily of the plurality of fluid dispense nozzles.

A circuit according to claim 2, wherein the nozzle performance status is of use or
da not use.

A circuit according to claim 6, wherein the nozzle performance status is of a
hierarchy of performance status comprising a sub-operational status interposed
between the use and do not use perdoarmance status.

A circuit according to claim 7, 1o actuate a nozzie comprising a sub-operational
performance status to replace actuation of an adjgcent nozzle fo the nozzle
responsive 1o the adigcent nozzle comprising g perfommance status lower in the
hierarchy of performance status than the performance status of the nozzie.

A circuit according fo claim B, v actuate the nozzle comprising 8 sub-operational
performance status {o replace actuation of the adjacent nozzle responsive to the
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10.

RS

12.

13

14,

15.

17.

14

nozzle being adjacent a second adjacent nozzie the second adjacent nozzle to
ancther side of the nozzie relative to the adjaceni nozzle and the second
adjacent nozzle comprising a performance status higher in the hierarchy of
performance status than the nozzle.

Acireuit according to claim &, to actuate the nozzle and {6 acluate the nozzie to
replace the adjacent nozzle in a same pass.

A circuit according to claim 1, to actuate a fluid dispense nozzie of the plurality of
fiuid dispense nozzles more than once in a pass:

A printer comprising a8 circuit according to claim 1, wherein the plurality of fluid
dispense nozzies comprises print fluid dispense nozzles.

A processor, comprising processor executable instruchons to implement the

circuit according {o claim 1,

A method for operating & plurality of fluid dispense nozzies, the method

A method according to claim 14, the method further comprising changing the
order in which the plurality of fluid dispense nozzles are actuated in dependence
on a nozzie performance status for a nozzie of the plurality of fluid dispense
nozzles.

A method according to claim 15, the method further comprising changing the

order in which the plurality of fluid dispense nozzles are actuated in dependence
on respeciive nozzle performance for & multiplicity of the plurality of fuid

dispense nozzies.

A method according o claim 16, wherein the nozsle performance status is of use
or do not use.
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18.

19.

20.

21.

22.

23

15

A method according to claim 17, wherein the nozzie performance status is of a
hierarchy of perdormance status comprising a sub-operational status interposed
between the use and do not use performance status.

A method according {0 claim 18, further comprising aclugling a noexle
comprising a sub-operational performance status {o replace actuation of an
adjacent nozzie 1o the nozzle responsive o the adjacent nozzie comprising a
performance status lower in the hierarchy of performance siatus than the
performance status of the nozzle.

A method according to claim 18, further comprising actuating the nozzle for the
nozzile being adjacent a second adiacent nozzle the second adiacent nozzle o
another side of the nozzle relative to the adjacent nozzle and the second
adjacent nozzie comprising a performance status higher in the hierarchy of

parformance status than the nozzle.

A method according to claim 20, further comprising actuating the nozzie and

A method according to claim 14, further comprising actusting a fiuid dispense

nozzle of the plurality of fluid dispense nozzies more than once in a pass.

A machine readable medium, comprising processor executable instructions
executable by a processor to implemant a method according to claim 14,
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