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(57) Abstract: A print apparatus is disclosed. The print apparatus comprises a plurality of printing elements; and a temperature control
unit, controllable by processing circuitry, to increase an operating temperature of a first printing element in the plurality of printing
clements by a defined amount relative to an operating temperature of a second printing element in the plurality of printing elements.
A method and a machine-readable medium are also disclosed.
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INCREASING TEMPERATURES OF PRINTING ELEMENTS

BACKGROUND

f80011 A print agent distributor of a print apparatus may inciude a plurality of
nozzies via which print agent is deposited onto a printable medium. The nozzles may be
formed on a plurality of dies, each die housing a subset of the nozzles.

BRIEF DESCRIPTION OF DRAWINGS

§80027 Cxamples will now be described, by way of non-Bmiting exampie, with
reference to the accompanying drawings, in which;

[G003Y Figure 1 is a simplified schematic of an example of an apparatus for
increasing a temperature of 3 printing element;

[0004] Figure 2 is a simplified schematlic of an example of an apparatus for
increasing a temperature of a prinfing element and an indication of example usage and
temperatures of printing elements;

fG008Y Figure 3 is a flowchart of an example of a method of increasing a
temperature of a printing element;

[0006] Figure 4 is a flowchart of a further example of a method of increasing a
temperature of g printing element; and

{6007} Figure 5 is a simplified schematic of an example of a machine-readable
medium and a processor.

DETAILED DESCRIPTION

{6008} The present disclosure relates {0 8 mechanism by which a temperature of
an individual printing element, such as a die, in a carriage of a print apparatus may he
increased relative 1o another prinfing element in the carriage. In this way, the number
and/or effect of print defects may be reduced, as will become apparent from the following
discussion.

{6008} A print apparatus may include a print head for distributing print agent, or
ink, onto a printable medium during a printing operation. In some examplses, a print
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apparatus may include multiple print heads. For example, sach print head may distribute
print agent of a different colour. The print head or print heads may, in some examples, be
mounted in or otherwise carried by a carriage. During a printing operation, the carriage
may mave or scan over a print farget, such as a printable substrats, so that print agent
may be deposited on to the print target. In other examples, the print head may exiend
over a full width of a printing area (e.g. the priniable subsirate) such that the print head
does not scan over the widih of the substrale. A print head may comprise a printing
element, or a plurality of printing elements, each printing element housing a subset of
nozzies. Nozzles are provided for distributing or depositing (e.q. through a spitting or firing
procedure)} print agent onto a print farget (e.q. a priniable medium or substrale, such as
paper). In some examples, a printing elemeant may comprise a die. Thus, a print head
may comprise a plurality of dies. In other examples, a print head may comprise a single
die. Thus, a carriage may, in some examples, carry a pluralily of print heads, each print
head comprising a single die.

§80187 in some print apparatuses, some dies may be used kess than other dies,
For example, a plurality of dies may be arranged across a width of a carriage or print head,
In some examples, the dies towards the sdge (e.g. those dies positioned at either side) of
the carriage or print head may be used less during a printing operation than the dies
towards the centre {&.g. those dies positioned more centrally) with respect to the carriage
or print head. Such differential use levels of dies (and therefore nozzles) in a carriage or
print head may be implemented in order {0 reduce the number and severily of printing
defects which might otherwise occur. For example, effects resuliing from issues regarding
printable media advancement, or dynamic swath hsight errors may be reduced or avoided
by reducing the usage of the sdge diegs relafive 10 the more central digs. The reduced
usage of some printing slements, or dies, may be achisved using, for exampie, a ramping
sirategy. For g ramping siralegy, in the die or dies al the ends {e.g. at exiremities) of the
carriage or print head, nozzles nearest the edge of the carriage or print head are used the
lsast {(e.g. 0% usage), and nozzle usage progressivaly increased towards the centre of the
print head (e.g. up o 100% usage). In other words, the usage ramps up from the end
nozzies. In other exampies, the reduced usage of some digs may be achigved using an
interleaving strategy.

{00113 The strategy chosen {e.g. the printing elements selected for reduced usage)
may be based on the printing mode of the print apparatus. For example, in a printing mode
it which a large amount of print agent is io be deposited through nozzies of the dies, a
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ramping or interleaving strategy may be chosen which significantly reduces the usage of
the dies at or towards the edge or edges of the carriage or print head.

{6012} A consequence of the reduced usage of some of the printing elements/dies
is that those dies that are used less frequently do not age or wear at the same rale as the
dies that are used {0 a greater exient. In other words, the dies having nozzles that are
used less may not become worn as quickly as the dies having nozzles that are used the
most. As such, printing defects may result from the differential wearing of the dies,

{6013} Aspects of the present disclosure provide a mechanism by which effects of
the differential use of printing elements, or dies, in a carriage or print head may be
mitigated or reduced,

[6014] An aspect of the present disclosure relates to an apparatus. Figure tis a
simplified schematic of an example of an apparatus 100, The apparatus 100 (e.g. a print
apparaius) may be considered {0 be an apparatus for increasing a temperature of a
printing element. The print apparatus 100 comprises a plurality of printing elements 104,
in the example shown in Figure 1, the print apparatus 100 includes five printing elements
104a, 104b, 104c, 104d and 104e. twill be appreciated, however, that, in other examples,
more or fewer printing elemenis may be provided. The printing elements 104 may be
arranged in or mounted in or on a carriage 102, In other examples, the printing elements
may be for part of print agent distributor, also referred to as a print head. The carriage 102
is shown in Figure 1 having dashed lines {o indicale that it may be omitied. For example,
the printing elements 104 may instead form part of a print head. A printing element may,
in some examplas, comprise a die, or printing die. Therefore, each printing element 104
may comprise a die. A die may, in some examples, be formed from a wafer of muitiple
dies. Thus, in some examples, a die may comprise a silicon die. Each printing element
104, or die, may comprise a nozzle, or multiple nozzles, by which print agent may be
transferred oo a printable subsirate. A printing element 104 may, for example, have
hundreds or thousands of nozzies.

§3018) The print apparatus 100 aiso comprises g {emperature contrel unit 106,
The temperature control unit 108 may be confroliable by processing circuitry (not shown
in Figure 1), such as a processor. In some examples, the processing circuitry may be
included in, or form pari of, the print apparatus 100, In other examples, the processing
circuitry may comprise a separate, external component, located in a compuling device, or
forming part of a server arrangement, for example in a cloud-computing environment. The
temperature control unit 106, controllable by the processing circuiiry, is 10 increase an
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operating temperature of g first printing element in the by a defined amount relative 1o an
operating temperature of a second printing element in the plurality of printing elements
104, in the example shown in Figure 1, the temperature confrol unit 108 is in
communication with the carriage 102. The temperature conirol unit 106 may, for example
be in communication with a print head housing the printing selemenis 104, For example,
the temperature control unit 106 may be electrically connected to the carriage 102, the
print head and/ the printing element(s) 104, and/or the temperaiure control unit may be
capable of causing an operaling temperature of the printing elementi(s) to change. The
temperature control unit 106 may be in communication with some of the printing elements
104 such that the operating temperature of each printing element may be individually
controlled. in a further example, the temperature control unit 1086 is in communication with
each of the printing elements 104,

[0016} For example, an operating temperature of printing elements 104 of a print
apparatus 100 may be 45 °C (degrees Celsius). The operating temperature may be
considered {o be the {emperature at which nozzles and/or printing elements 104 are
intended to reach in order {o perform a printing operation (e.q. depositing print agent onfo
a substrate). For example, the operating temperature may be considersd to be a minimum
temperature gt which the printing element 104 is intended {0 operate. According o the
present disclosure, the operating femperature of one of the printing elements {or more than
one of the printing elemenis) 104 is increased to a temperature higher than the operaling
temperature of ancther of the printing elements, in order o intentionally creale a
temperature difference between printing elements within a carriage 102 or print head. The
temperature controb unit 106 may, for example, increase the operaling temperaturs of one
the printing elements 104, or more than one of the printing elements, to 55 °C. It will be
appreciaied that the operating temperature of a printing element 104 and/or of a nozzle
may depend an the nature and/or type of printer apparatus in which the printing element
is to be used and/or on other factors, such as a printing mode used {o perform a printing
operation. A printing mode may be considerad to comprise a set of parameters of the print
apparatus 100 {o be used when performing a particular printing operation. For example,
in a “draft” printing mode, less print agent may be deposited through fewer nozzles of each
printing element 104 than when a “best” printing mode is sslected.

[0017} By increasing the operating temperature of a printing element 104 or
printing elements relative to other printing slements, the printing slement(s) whose
aperagting {emperature is increased may be caused o funclion or behave differently from
those printing elements operating at a relatively lower temperature. In some examples,
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the operating temperature of a printing element 104 may be increased relative {o the
operating temperature of another printing element in order {o increase the effects of ageing
the printing element. For example, in a print head or carriage 102 in which some printing
elemenis 104 are used less than other printing elements, the operating temperaiure of
those less-used printing elementis may be increased relative 1o the operating temperature
of the printing elemenis which are used to a greater exdent. In this way, the effects of using
some of the printing elements {o a greater exdent may be replicaled, or emulalted in the
less-used printing elements by increasing their operating femperature,

{6018} Increasing the operaling iemperature of the less-used printing elements
can help {o achieve g more uniform aging of the printing elements, thereby improving
consistency in print quality. The operating temperature of the printing elements that are
used the most for depositing print agent onto a printable substrate during a printing
operation will increase more than the temperature of those printing elements that are used
fess frequently. A higher temperature may affect characleristics of the print agsnt
deposited via the printing elemeni. For example, a change in temperature may affect the
drop weight and/or drop velocily of print agent. Using the temperature conirol unit 108 1o
increase the temperature of the less-used printing elements 104 may cause the print agent
associated with those printing elements {o behave similarly {o the print agent associated
with the more frequently-used printing elements. As a resull, a more consistent print
quality can be achieved.

[0019] The temperature control unit 106 may comprise any unit suitable for
increasing an operating temperature of a printing element 104 relative 1o the operating
temperature of another printing element. A print head or carriage 102 may comprise
electrical components (e.g. resistors, capacitors and the like) which are used {0 determine
which nozzies in a printing element 104 are o deposit print agent onic a printable
substrate. In some examples, the temperature conirol unit 106 may increase the operaling
temperature of a printing element 104 by increasing a current flowing through a particular
electrical component associated with the printing element whose operating temperature is
to be increased. In other words, a printing element may be controlied {0 cause an increase
in its operating temperature. In an example, by increasing the current flowing through
particular electrical camponents by a defined amount, it may be possible {0 incraase the
operating temperature of a particular printing element 104 by a defined temperature.

[6020} Figure 2 is a simplified schematlic of the print apparatus 100 and an
indication of the usage and operating temperature of the printing elements 104, In Figure
2, the print apparatus 100 includes a plurality of printing elements 104, and the
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temperature control unit 106. The plurality of printing elements 104 may form part of a
carriage 102 or a print head, as discussed above, A processor 202 is in communication
with the temperature control unit 106. While, in Figure 2, the processor 202 is shown to
be exiernal from the print apparatus 100, as notad above, the processor 202 (or processing
circuitry) may, in some examples, be located in (g.q. form part of) the print apparatus. For
example, the processor 202 may comprise a processor of the print apparaius 100 which
is used for performing other processing activities,

[00217 In the example of Figure 2, the print apparatus 100 inciudes five printing
elemenis 104a, 104b, 104c, 104d and 104e. As noted above, however, the print apparatus
may, in other examples, comprise more or fewer printing elements. The printing elements
104, in the example of Figure 2, are arranged subsiantially linearly across a width of the
carriage 102. In other examples, the printing elements 104 may be arranged substantially
linearly across a width of a print head. Thus, the printing element 104a is located at one
end of the printing element arrangement, near to a first side 102a of the carriags 102 {(or
print head), and the printing element 104¢ is located al an opposite end of the printing
element arrangement, near {0 a second side 102b of the carriage (or print head). The
printing elements 104b, 104c and 104d are arranged substantially linearly between the
printing elements 104a and 104e. Each of the printing elements 104 may be individually
coupled o or in communication with the temperature control unit 106 such that an
operating temperaiure of any printing slement may be independently controlled relative to
the operating temperature of any other printing element in the carriage 102 {or print head).

{6022} As discussed above, the printing elements towards the sides or edges of a
carriage 102 or print head (g.¢. the printing elements 104a and 104e) may, in some
examples, be used less than the printing elements located nearer {0 the centre of the
carriage or print head (e.g. the printing elements 104b, 104c, 104d). This may help to
reduce the occourrence of printing defects. This differential usage is depicted in Figure 2
by a chart 204 showing relative usage of the printing elements 104. The chart 204 shows
an example wherein the prinling elemenis 104b, 104c, 104d are used {o a greater extent
than the printing elements 104a and 104¢ towards the ends of the printing element
arrangement.

[0023} Over lime, using some printing elements 104 less than other printing
elements may lead 1o the occurrence of other printing defects, for example resulting from
the differential wearing (e.g. ageing) of the printing elements. For example, those printing
elements 104D, 104¢, 104d that are iocaled more ceniraily in the carriage 102 or print head
and, therefore, are used to a greater extent, may experience increased wear with respect
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to those printing elements 104a and 104e that are located near to the sides of the carriage
102 or print head, which are therefore used to a lesser extent. Therefore, o compensate
for the differential wear, the operating temperature of the printing elements 104a and 104e
near to the sides of the carriage 102 may be increased, using the temperature control unit
108, relative to the operating temperature of the printing elements 104b, 104¢ and 1044d.
An example of differential heating is depicted in Figure 2 by a chart 206 showing relative
aperagting temperatures of the printing elements 104, The chart 206 shows an exampie in
which the printing elemenis 104a and 104e have an operating temperature higher than the
operating temperature of the printing elements 104b, 104¢ and 104d. In one example, the
operating temperature of the printing elements 104b, 104¢ and 104d may be around 45
°C, and the temperature control unit 106 may cause the operating temperature of the
printing elements 104a and 104e {0 be over 45 °C, e.g., around 55 °C. In other examples,
the operating temperatures of the printing elements 104 may be different.

{0024} Thus, the plurality of printing elements 104 may be distribuied over a width
of the carriage 102. iIn some examples, the pluraiily of printing elemenis 104 may he
distributed over the entire width of the carriage 102 while, in other examples, the plurality
of printing elements may be distribuied of part of the carriage. The first printing element
{e.g. 104a) may be located closer io an edge of ihe carriage 102 than the second printing
element (8.g. 104¢). As noted above, the plurality of printing elements 104 may, in some
examples, be formed in a substantially linear arrangement over a width of the carriage
102. The first printing element {(e.g. 104a) may be localed at an extremity of the
arrangemeni.  While the {emperature conirol unit 106 may function to increase an
operating temperaiure of just the first printing element, i will be apparent thal, in some
examples, the temperature control unit may function {o increase an operating temperature
of multiple printing elements in the carriage. For example, the temperature control unit
106 may be further {o increase an operating lempergture of & printing element {e.g. 104e)
at the other extremity of the arrangement,

{06025} in the example discussed above, the operating iemperature of a single
printing element 104 at sach end of the printing slement arrangement is increased relative
io the other printing elements. In some examples, however, the operating temperatures
of different printing elements 104 may be increased by different amounts. For example, in
the printing element arrangement shown in Figure 2, the centrally located printing element
104c may be used the most in printing operations, and the printing elements 104a and
104e may be used the least in printing operations. The printing elements 104b and 104d
may be more than the printing elemenis 104a and 104e, but less than the printing element
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104c. To compensate for the differential usage in this example, the operating temperature
of the printing elements 104b and 104d may be increased by a first amount (e.g. {o a
temperature of around 50 °C), and the operating temperature of the printing elementis 104a
and 104e may be increased by a second amount (e.g. to a temperature of around 55 °C),
greater than the first amount. Put another way, the temperature control unit 106 may be
to increase an operating temperature of the first printing element (e.g. 104a) by a first
defined amount relative to an operaling temperature of the second printing element (e.q.
104¢). The temperature control unit 106 may be {o increase an operating temperature of
a third printing element (e.g. 104b) of the plurality of printing elements by a second defined
amount relative to an operating temperature of the second printing element (g.g. 104¢). In
this way, the wear of different printing elements 104 can accurately and effectively be
compensated for.

[0026} Various techniques for increasing operating temperature of a printing
element 104 are described in the foregoing as examples. In some examples, the
temperature control unit 106 may be to increase an operating temperature of the first
printing element by applying a trickle warming technique or a pulse warming technique,
For example, a pulse warming technigue may be used in which short pulses of slectrical
energy are supplied to an eleclrical component (e.g. a resistor) corresponding {o a nozzle,
a group of nozzles or a printing element whose temperature is to be increased. The pulse
of slectrical energy is intended io be sufficient (g.g. long enocugh) o increase the
temperature of the electrical component (and associated print agent), but not sufficient
{e.g. not long enough) to cause firing of the print agent.

§3027% The printing element operating temperalures mentioned above are merely
ilfustrative examples of the types of operaling temperafures that might be used for printing
elements. More generally, the temperature control unit 108 may be {0 increass an
operating temperature of the first printing element by between around 5 °C and around 20
°C relative to {(g.q. above) the operating temperaiure of the second printing element. In
other words, the temperature control unit 108 may cause the operating temperature of the
first printing element {0 Nerease 1o belween around 5 °C and 20 °C above the opersting
temperature of the second printing element.

{80287 A further aspect of the present disciosure relates {0 a method, Figure 3 is
a flowchart of an example of a method 300 for increasing a temperature of a prinfing
element (8.g. a printing element 104 of the plurality of printing elements). The method 300
comprises, at block 302, providing a plurality of printing elements 1o deposit print agent
onto a substrate. The printing elements may be arranged, formed or mounted inoron a
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carriage which may comprise or be similar to the carriage 102 discussed herein. In some
examples, the printing elements 104 may be arranged, formed or mounted in or on a print
head. The printing elements of block 302 may comprise printing elements 104 discussed
herein. At block 304, the method 300 further comprises increasing operating temperature
of a first printing element in the plurality of printing elements by a defined amount relative
to an operating temperaiure of a second printing element in the plurality of printing
elements. As in the example discussed ahove, the first printing element may, in some
examples, comprise the printing element 104a or 104¢, and the second printing element
may comprise one of the printing elements 104b, 104¢c or 104d.

§028Y Figure 4 is g Hlowchart of g further exampie of the method 400 for increasing
temperature of a printing element. The method 400 may comprise blocks of the method
300 discussed above. According to some examples, the increasing (block 304) may
comprise increasing the temperature of the first printing element by a first defined amount
relative to an operating temperature of the second printing element. The method 400 may
further comprise, at block 402, increasing an operaling temperature of 2 third printing
element in the plurality of printing elemenis by a second defined amount relative {0 the
operating temperature of the second printing element. Thus, the method 400 may
comprise adjusting the temperatures of different printing elements by different amounts.
This may be done, for example, when the use of printing elements 104 in the carriage 102
is varied according to a ramp strategy, whereby printing elemeanis towards the edges of
the carriage 102 are used least, and the usage of the printing elements increases in a
smooth or incremental-manner (e.¢. ramping up) towards the centre of the carriage.

§030Y increasing an operaling tempersture of the first printing element may, in
some examples, comprise applying a trickle warming technique or a pulse warming
technigue.

f60311 As in the example shown In Figure 2, the first printing element may be
located closer t0 an edge of the carriage than the second printing element. Thus, the first
printing elemeant may comprise the printing element 102a and the second printing elament
may comprise the printing element 102¢.  In some implementations, such as the
implementation shown in Figure 2, the plurality of printing elements may be formed in a
substantially linear arrangement having a first end and a second end. For example, the
substantiaily linear arrangement of printing elements 104 may exiend across the width of
the carriage 102. The first printing element (e.g. 104a) may be localed at a first end of the
arrangement.  The method 400 may further comprise, at block 404, increasing an
operating temperature of a printing element located at the second end of the arrangement
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relative to the operating temperature of the second printing element. Thus, in the example
shown in Figure 2, the printing element 104e may be considered {o be located at the
second end of the arrangement,

f6032} A further aspect of the present disclosure relates 1o a machine-readable
medium. Figure 5 is a simplified schematic of a processor 502 and a maching-readable
medium 504, The machine-readable medium 504 comprises instructions which, when
exscuted by the processor 502, cause the processor {o operaie a heating system to
increase an operating temperature of g first subset of printing elements in a plurality of
printing slements by a first defined amount ralative {0 an operating temperature of a
second subsel of printing elements of the plurality of printing elements. The heating
system may comprise or be similar {o the temperature control unit 106 discussed herein.
The plurality of printing elements may comprise or be similar to the plurality of printing
glements, or dies, 104, A subset of printing elements may comprise any number of printing
elements smaller than the total number of printing elements in the plurality of printing
elements. For example, a subset of printing elemenis may comprise a single printing
element or multiple printing elements. In some examples, the machine-readable medium
504 may comprise heating sysiem operating instructions 506 {o be execuled by the
processor 502.

[0033] In some examples, the machine-readable medium 504 may comprise
instructions (e.g. further heating system operating instructions) which, when executed by
the processor 502, cause the processor 1o increase an operating temperature of 8 third
subset printing elements of the plurality of printing elementis by a second defined amount
relative {0 an operating temperature of the second subset of printing slements. Thus, the
processor 502 may operate the heating system to increase different subsets of printing
elements 104 by different amounts, so as {0 compensate for different degrees of usage.

{8034} Cxampies in the present disclosure can be provided as methods, systems
or machine readable instructions, such as any combination of software, hardware,
firmware or the like. Such machine readable instructions may be included on a computer
readable storage medium (including but is not limited to disc storage, CD-ROM, optical
storage, etc.) having computer readable program codes therein or thereon.

§8038} The present disciosure is described with reference {o flow charls and/or
biock diagrams of the method, devices and systems according to examples of the present
disclosure. Although the flow diagrams described above show a specific order of
execution, the order of execution may differ from that which is depicled. Blocks described
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in relation to one flow chart may be combined with those of another flow charl. it shall be
understood that sach flow and/or block in the flow charis and/or block diagrams, as well
as combinations of the flows and/or diagrams in the flow charts and/or block diagrams can
be realized by machine rsadable instructions.

{00368} The machine-readable instructions may, for example, be executed by a
general purpose computer, a special purpose computer, an embedded processor or
processors of other programmable data processing devices to realize the functions
described in the description and diagrams. In particular, a processor or processing
apparatus may sxecuts the machine-readable instructions. Thus functional modules of the
apparatus and devices may be implemenied by a processor executing machine readable
instructions stored in a memory, or a processor operating in accordance with instructions
embedded in logic circuiiry. The {erm ‘processor is to be interpreted broadly to include a
CPU, processing unit, ASIC, logic unif, or programmable gate array etc. The methods and
functional modules may ali be performed by a single processor or divided amongst several
ProOCessors.

[0037} Such machine-readable instructions may also be stored in a computer
readable storage that can guide the computsr or other programmable data processing
devices 10 operate in a specific mode,

{6038} Such machine-readable instructions may also be loaded onto a computer
or other programmable data processing devices, so that the computer or other
programmable data processing devices perform a series of operations to produce
computer-implemented processing, thus the instructions executed on the computer or
agther programmabie devices realize functions specified by flow(s) in the flow charts and/or
biock(s) in the block diagrams.

[0038] Further, the teachings herein may be implemenied in the form of a
computer software product, the computer software product being stored in a storage
medium and comprising a plurality of instructions for making a computer device implemeant
the methods recited in the examples of the present disciosure.

{0040} While the method, apparatus and related aspects have been described with
reference to certain examples, varicus modifications, changes, omissions, and
substitutions can be made without departing from the spint of the present disclosure. ltis
intended, therefore, that the method, apparaius and related aspects be limitad only by the
scope of the following claims and their squivalenis. It should be noted that the above-
mentioned examples illustrate rather than limit what is described herein, and that those



WO 2020/013843 PCT/US2018/041969

12

skilled in the art will be able to design many alternative implemeniations without departing
from the scope of the appended claims. Features described in relation {0 one example
may be combined with features of another example.

§808417 The word “comprising” does nol exclude the presence of slements other
5 thanthose listed in a claim, "a” or “an” does not exclude a plurality, and a single processor
or other unit may fulfil the functions of several units recited in the claims.

§3042) The features of any dependent claim may be combined with the Teatures of
any of the independent claims or other dependent claims.
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CLAIMS

1. A print apparatus comprising:

a plurality of printing elements; and

a temperature control unit, controllable by processing circuilry, 1o increase an
operating temperature of a first printing element in the plurality of printing elemenis by a
defined amount relative {0 an operating temperature of a second printing element in the
plurality of printing elements.

2. A print apparstus according to claim 1, wherein the plurality of printing elements
are distributed over a width of a carriage 1o carry the printing elements; and
wherein the first printing element is localed closer {o an sdge of the carriage than

the second printing element.

3. A print apparatus according o claim 1, wherein the plurality of printing elements
are formed in a substantially linear arrangement over a width of a carriage to camy
the printing elements; and
wherein the first printing element is located af an exiremity of the arrangement.

4, A print apparatus according to claim 3, wherein the temperature control unit is
further {0 increase an operating temperature of a printing element at the other

extrenmiity of the arrangement.

5. A print apparatus according to claim 1, wherein the temperature conirol unit is to
increase an opersting temperature of the first printing element by a first defined
amount relative to an operating temperature of the second printing element; and
wherein the temperature control unit is to increase an operating temperature of a

third printing element of the plurality of printing elemenis by a second defined amount

relative to an operating temperature of the second printing element.

8. A print apparatus according to claim 1, wherein the temperature conirol unit is to
increase an operating temperature of the first printing element by applying a trickle

warming technique or a puise warming technique,
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A print apparatus according o claim 1, wherein the temperature control unit is {o
increase an operating temperature of the first printing element by between around
5 °C and around 20 °C relative to the operating temperature of the second printing
element.

A print apparatus according to claim 1, wherein each printing element comprises a
die.

A method comprising:

providing a plurality of printing elements {o deposit print agent onlo a substrate;

increasing an operating temperature of a first printing element in the plurality of

printing elements by a defined amount relative 1o an operaling temperature of a second

printing element in the plurality of printing elements.

10.

A method according o claim 9, wherein said increasing comprises increasing the
temperature of the first printing element by a first defined amount relative to an
operating temperature of the second printing element, the method further
comprising:

increasing an opersting temperature of g third printing element in the plurality of

printing elements by a second defined amount relative o the operating temperature of the

second printing element.

1.

12,

A method according to claim 9, wherein increasing an operating temperature of the
first printing element comprises applying a trickle warming technique or g puise

warming technique.

A method according to claim 9, wherein the plurality of printing elements are carried
by a carriage; and

wherein the first printing element is locaied closer {o an edge of the carriage than

the second printing element.
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13. A method according to claim 9, wherein the plurality of printing elements are formed
in a substantially linear arrangement having a first end and a second end, and
wherein the first printing element is located at a first end of the arrangement, the
method further comprising:
increasing an operating temperature of a printing element located at the second

end of the arrangement relative {o the operating temperature of the second printing

element.

14, A machine-readable medium comprising instructions which, when executed by &
processor, cause the processor to:
operate a heating system to increase an operating temperature of a first subset of
printing elements in a plurality of printing elements by a first defined amount relative to an
operating temperature of a second subset of printing elemenis of the plurality of printing

elements.

15, A machine-readable medium aocording 1o clalm 14, comprising instructions which,
when executed by a processor, cause the processor {o;
operate the heating system {o increase an operating temperature of a third subset
printing elements of the plurality of printing elements by a second defined amount relative
to an operating temperature of the second subset of printing elements.
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