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(57) Abstract: The present disclosure includes a description of an example printhead having multiple ejection dies. The ejection dies
are coupled to a temperature sensor and send temperature signals to a controller. The printhead can also include a heater coupled to

the ejection dies to apply heat to at least one ejection die.
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PRINTHEADS

BACKGROUND
{0001) Printing devices include sysiems and devices for applying printing
material to print media. For sxample, some prinling devices include print
engines that generate spray patlerns, droplets, or asrosols in a coordinated
manner (o generate a printed image when the printing device is moved relative
to a print medium {e.g., paper, card stock, cardboard, fabric, efc.). Such print
engines are often referred to as “inkjets” because they are said to jet or spray
the printing material. Some inkjet print engines include an array of print nozzles
used to selectively apply printing material {o a region of the print media having
a width corresponding fo the width of the array. The array of print nozzles can
be formed as a component of the print engine using various mechanical, optical,
andfor semiconductor manufacturing processes.

BRIEF DESCRIPTION OF THE DRAWINGS

{0002]  FIG. 1 depicts schematic representations two example printheads.
{00031 FIG. 2 depicts a schemalic representation of an example printhead
temperature control system.

[0004] FIG. 3 is a flowchart of an example methad for operating printhead
temperature control system.

[00058] FIG. 4 is a flowchart of an example method for operating printhead
temperature controf system.

DETAILED DESCRIPTION

[0B06]  The components of the printing system that include arrays of print
nozzles are offen referred fo as a “inkjet dies™ or “ejection dies”. The
temperature of the ejection dies can have an effect on the performance of the
ejection die. For example, the drop weight, dot size, or print density of the
printing material gjected from a particular ejection die can depend or vary based
on the temperature of the die at the fime of ejection. According to various

raplementations of the present disclosure, the lemperature of the ejection dies
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can be controlled by including a corresponding femperature sensor or heat
sensor, o detact the temperature of the dies, and a corresponding heater that
can be used to adjust the operational temperature of the dies. Using the
information from the temperature sensor, and information received from other
components of a printing sysiem, implemeniations of the present disclosure
can adjust the temperature of individual ejection dies, groups of ejection dies,
or print heads to help ensure acceptable levels of print quality from printheads
and/or ejection dies thal may otherwise be opserating at different or sub optimal
temperatures.

{DOOT]  FIG. 1 depicts two example printheads 101 according to various
implementations of the present disclosure, As described herein, printheads 101
can include sjection dies 105 Each ejeclion die 105 can include 3
corresponding array of print nozzles. Each of the print nozzies can be
individually activated o selectively generate sprays, droplets, or aerosols of the
printing material, Accordingly, sach individual array of print nozzles and/or any
combination of the sjection dies 105 can be operaled In coordination fo
generate a printed image on the surface of a print media as # moves relative o
the printhead 101,

[0008] In some implementations, a printhead 101 can be implemented as
itlustrated in FIG. 1 {o form a wide array of gjection dies 105 In the particular
sxample shown, each of the gjection dies 105, and corresponding arrays of
print nozzles, can be arranged across the length of the printhead 101 1o form
what is referred {0 herein as an “page wide array” of print nozzies. A page wide
array can be dimensioned and include mulliple ejection dies 105 o span a
dimension corresponding to @ maximum dimension of print media with which
the printhead 101 will be used. For example, a page wide array thal includes
one of the example printheads 101 can be dimensioned and include a particular
number of ejection dies 105 {o span the width A4 paper. As such, the page wide
array of a printhead 101 can apply printing material {o generate a printed image
across the full widih of a print media in a single pass.

[0008] The ejection dies 105 can include print nozzies that ulilize various
types of gjection mechanisms. In some example implementations, the print

nozzles can include an inkjel type sjection mechanism. The inkjet gjection
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mechanism can be a thermal or piezoeleckic sjection mechanism. The
parformance of the print nozzles, regandless of the ejection mechanism, can
depend on the operating temperature of the sjection dies. For example, the
print nozzles of a particular ejection die 105 can either gject more or less
printing material {e.g., ink) in response {0 a particular controt signal depending
on the temperature of the ejection die 105, In some implementations, the print
nozzles may sject more printing malerial when the ejection die 105 is warmer
than some nominal operating temperature, while in other implementations, the
print nozzies may eject more printing material when the sjection die 105 is
colder than some nominal operating temperature.

{00101  According to various implementations of the present disclosure, to
better contral the amount of printing matedal sjected by the print nozzles of the
gjaction dies 105, example printheads 101 can include a heater 110 and a
temperature sensor 115. The heat 110 can include any resistive or inductive
healing element, infrared heater, or the like. Temperature sensor 115 can
include any type of contact temperature sensor {e.g., thermistor, thermocoupde,

etc.) or noncontact temperature sensor (2.g., infrared sensor).

[0011]  The example printhead 101-1 includes a single heater 110 and a
single temperature sensor 115 for the multiple ejection dies 105, The example
printhead 101-2 includes one heater 110 and one temperature sensor 115 for
gach grouping 120 of gjection dies 105, An example shown, printhead 101-2
includes a first zone 120-1 that includes ejection dies 105-1 through 105-4 and
a corresponding heater 110 and temperature sensor 115, and a second zone
120-2 that includes ejection dies 105-5 through 105-8 and another
corresponding heater 110 and temperature sensor 115, As such, the
temperature sensor 115 in this first zone 120-1 can sense the temperature of
the individual gjection dies 105-1 through 105-4 and/or the temperature of the
group of gjection dies 105-1 through 105-4. Similarly, the temperature sensor
115 and the second zone 120-2 can sense the temperature of the individual
gjection dies 1055 through 105-8 and/or the lemperature of the group of
gjection dies 1058-5 through 105-8. In a similar manner, the heaters 110 can
apply heat to each individual gjection die 105 in a corresponding zone 120 or

printhead 101, or apply heat to a group of ejection dies 105 in a particular zone
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120, as in printhead 101-2, or across the entire printhesd, as dlustrated in
printhead 101-1.

[0012] In some implementations, the ejection dies 105 include various
maierials, such as metals, plastics, ceramics, and the like. In such
implementations, the sjeclion digs 105 can include a range of thermal
conductivity characteristics. The ejection dies 105 can be supported in a3
housing or frame structure. The heater 110 and {emperature sensor 115 can
also be supported in the same housing or frame structure. In various
implementations, the housing or frame structure can also include elements for
storing printing material and elements for feading the printing material to the
gjection dies 105, The printing material storing elements can include a reservoir
or confainer. The feed slements, can include various ducts for channels for
feeding the printing matenat from the reservolr or container 1o the gjection dies
105. In some implementations, the printing materdal is gravity fed from other

raservoirs through the channels to the ejection dies 105,

{00131  While an example number of gjection digs 10§ are diustraled in the
sxample mintheads 101-1 and 101-2, varivus implementations the present
disclosure can include more or fewer ejection dies 105. Similarly, while the
example printhead 101-2 is depicted as having two groups or zones 120 of
gjection dies 105 and corresponding heaters 110 and temperature sensars 115,
other implementations the present disclosure can include more groups or zones
120 of gjection dies 105. The more zones 120 and corresponding heaters 110
and temperature sensors 115 that are included in a particular printhead 101
can provide for more granular control of the ejection dies 105 across the
printhead 1901.

{0014] In varicus example implementations, each printhead 101 can be
associated with a particular printing material. For example, a printhead 101 can
be devoted {0 the application of a single color ink or pigment to a print media.
Accordingly, to generate a monochrome or single color image, a printing device
may only need a single printhead 101, Allernatively 1o generate a mulliple color
image, a prinling device may include mulliple printheads 101 for applying
different color fealures to the print media. FIG. 2 depicts an example printing
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system 200 thal includes mulliple printheads, according to a pardicular
implementation of the present disclosurs.

[0015]  As illustrated in in FIG. 2, the example printing system 200 can
include multiple printheads 101, the controller 210, and various olher printer
components 220. As shown, each of the printheads 101 can be coupled to the
controfler 21Q. Similarly, each of the prnter componenis 220 can also be
coupled to the controller 210. For simplicity and clarity, gach of the printheads
101-1 through 101-N, where N is an integer, is depicted with a single ejection
die 105 that can represent a single or multiple ejection dies 105, Similarly, each
of the printheads 101-1 through 101-N is depicted with a single heater 110 and
a single {emperature sensor 115, sach of which can represent a single or
maltiple corresponding heaters 110 and/or temperature sensors 115, Also, as
described v reference o FIG. 1 and example printhead 1012, in
implementations in which a printhead 101 includes muiltiple heaters 110 and/or
multiple temperature sensors 115, the gjection dies 105 can be grouped info
corrasponding groups or zones 120 that are associated with a corresponding
heater 110 and/or temperature sensor 115,

{0016]  In various implementations described herein, the controlier 210 can
be implemented as any combination of hardware and executable code. For
example, the funclionality of the controller 210 described herein can be
implemented as executable code executed in a processor of computer system

or other computing device,

[0017] The executable code, stored on a nonvolatile computer readable
madium, can include instructions for operations that when executed by a
controfter 210 causes the contoller 210 to implement the funclionality
described in reference to the controller 210 andior s subcomponents.
Accordingly, controller 210 can be implemented in a system comprising a
PIOCceSsor, @ memary, a communication interface, and/or other digital or analog
togic circuits that can be used to storeg andfor execute operations defined by

execuiable code or code segments.

[0018] The processors of the sysiem may be a microprocessor, a micro-
cortrolier, an application specific integratad circuit (ASIC), or the fike. According
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to an example implementation, the processor is a hardware component, such
as a cireuit.

{00181  The memory can include any type of transitory or non-transitory
computer readable medium. For example the memory can include volatile or
non-volatile memary, such as dynamic random access memory {DRAM),
glectrically erasable programmable read-only memory (EEPROM), magneto-
resistive random access memory (MRAM), memristor, flash memory, floppy
disk, a compact disc read only memory {CD-ROM), a digital video disc read
only memory (DVD-ROM), or other optical or magnetic media, and the like, on
which executable code may be stored. In various implementations, the memaory
can be included in a printhead 101 for storing an associated print performancs
profile or other seftings data that includes the temperature dependencies or
temperature set points for that printhead.

[0020] The printer components 220 can represent any and all other heat
generating elements of the printing system 200 andfor any slements meant {o
coal the printing system 220. For itlustrative purposes, an example set of printer
componants 220 are depicted in FIG. 2. The example printer components 200
can include a drving component 221, a curing component 223, a media feeding
component ar system 225, and a print densily measuring component 227. The
drving component 221 can include any element meant o remove excess
moisture or solvent from a printed image generated by the printheads 101. Such
a drying components 221 can include devices or mechanisms such as afan, a
heating element, blotters, and the like. The curing component 223 can include
any element for fixing or curing the printing material applied by the printheads
101. Example curing components 223 include devices such as radiant energy
sources, such as infrared lamps, UV light sources, and the like. The media
feeding component or system 225 can include various combinations of
motorized rollers, motorized conveyor belts, molorized star wheels, etc. Printed
image density measuring components 227 can include various optical sensors
and imaging systems that can detect the densily of printing material deposited
on a print media by the printheads 101,

[0021]  Any and all of the printer components of the example printing system

200 can generate various amounis of heat thal can affect the performance of
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the ejection dies 105. In some scenarins, the operation each of the individual
gjection die 105 can affect ds own lempersture, the lemperature of #s
neighboring ejection dies 105, as well as the temperature of ejection dies 106
on another printhead 101, For example, in various printing scenarios 8
particular ejection die 105, or group of ejection dies 105, can be caused 1 gject
more printing material than other ejection dies 105. Accordingly, those ejection
dies 105 that are used more than the other ejection dies 105 can tend {o be
hotter than the ejection dies 105 that are the used less ofien. Because the
temperature of gjection dies 105 can impact the performance of gjection dies
105, itis helpful fo be able to monitor the temperature of the gjection dies 105
and be able to compensate for correct for femperature variation beyond the
range of predetermined operating temperatures. in some implementations, the
range of predetermined operating lemperatures can be based on a
predetermined or calibrated level of performance associated with the ejection
dies 105. For exampie, a particular type or design of ejection dies 105 can be
designed or oplimized to function at a particular level (e.g., eject predictable
amounts of ink or pigmenty when operated within a particular range of

{femperaiures.

[0022] As descrbed herein, each printhead 101 can include a heater 110
and/or temperature sensor 115, Before, during, and afler normal operalion of
the printing system 200 {e.q., during calibration, printing operations, finishing
operations, shutdown, elc.} the controfler 210 can send contfrol signals fo the
printheads 101 © activate the corresponding heaters 110 to various seipoints
to preheat, maintain, or cool off their associated ejection dies 105. For example,
the controfier 210 can send confrol signals to the heaters 110 fo cycle on and
off 1o maintain the ejection dies 105 at a temperature within a predetermined
range of temperatures. in some implementations, the contralier 210 can send
controt signals fo the heaters 110 o preheal the gjection dies 105 o &
predetermined temperature before the controller 210 activates the printheads
101 for printing operations. Such prehealing can help avoid transient
diminished or sub optimal performance of the printheads 101 and/or the

ejaction dies 108,
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{00231 As the printing system 200 performs various operations, the
contralter 210 can receive temperature information rom temperature sensors
115, compare the temperature information 1o a particular predetermined range
of temperature information, and then send comective signals o the
correspongding heaters 110 {o turn on, fum off, or cycle according to particular
pattern, {0 maintain or increase the temperature of the comresponding ejection
dies 105.

[0024]  As described herein, the controller 210 can be coupled to varicus
printer components 220. As the controller 210 performs operations to control
the printer components 220, they can giso receive information from the printer
components 220, Such information, or fesdback, can include information
regarding the tempersture or other operating conditions of the drying
component 221, the curing component 223, the media feeding system 225
and/or the density measuring component 227. For example, the controller 210
can receive information from the drying component 221 andfor the curing
componeant 223 that they are operational and generating heat that may affect
the operational temperature of the gjection dies 105 in various printheads 101
Based on this information, the controlier 210 can immediately begin monitoring
the temperature sensors 115 andior increase the frequency with which the
temperature sensors 115 or reporting temperature information.

[0025] In some implementations, the controlier 210 can control the density
measuring component 227 1o measure the density of the prinling malerial of
any ong of the ejection dies 105 on any one of the printheads 101 during
calibration or during normal operations. For example, the density measuring
componeant 227 can measura the print densily or dot size of the printing material
applied by a particular ejection die 105 over some particular printed area. Based
on information of the print density or dot size in the area measured, the
controller 210 can determine the print density and correlated with the
operational temperature determined by a corresponding temperature sensor
115. The controller 210 can then perform operations o compensate for any
changes in ejection die 1085 performance by operating (e.g., activaling or
deactivating) a corresponding heater 110,
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[0026] In various implementations, the controller 210 can access stored
setting files stored on each of the printheads 101 and/or a memory included
{not shown} in the prinling system 200 {o retrieve predetermined target
temperatures for each ejection die 105 andfor group or zone of gjection dies
105 on the printheads 101, Using the information in the setling files, the
controller 210 can operate the heaters 110 and temperature sensors 115 to set
the corresponding ejection dies o a particular predetermined femperature
associated with each ejection die 105 or group of gjection dies 105.

[00271  Insimilar implementations, the controlier can adjust the temperature
of the ejection dies 108 in a particular printhead 101 o compensate for or to
achieve uniform performance based on variations in the performance of the
election dies 105 across different printheads 101. in such implementations, the
controller 210 can use the density measuring component 227 o delerming
feedback information on which you can base compensating heating profiles for
any of the printheads 101 and/or the component ejeclion dies 105, In other
implemeantations, the controfler 210 can reference setling information and or
paerformance profiles that associate temperature with particular performance
charactenstics {e.g., dot size, print density, eic.) of the sjection dies 105 andfor
groups of sjection dies 105 in a particular printhead 101 {o obtain temperature
seitings which to operate heatlers 110 and temperature sensors 115 to achieve
consistent andfor uniform performance across the sjection dies 105 and/or

across printheads 101,

[0028] By providing the capability for the controller 210 {o set anfor adjust
the temperature of the ejection dies 105 across the printheads 101, a printing
system 200 can advantageously adjust the dot size or printing material drop
weight instead of using a complex system that adjust the number of printing
material drops ejected. The ability to compare the temperature of sjection dies
105 between printheads 101 provides the ability to controf variation in the print
performance when an ejection die or group of ejection dies 105 in one printhead
101 is warmer than s initial temperature set point due 1o operational conditions
of the printing system 200. To compensate for the change in print performance,
the confroller 210 can increase the temperature of the ejection dies 105 or

groups of ejection dies 105 on other printheads 101.
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[0029] FIG. 3 depicts a flowchart of an example method 300 contradling the
temperature of gjection dies 185 according to varivus implementations of the
present disclosure. As shown, the method 300 can begin at box 310 in which
the controller 210 receives the temperature dala from printheads 101, As
described herein, {he temperature dala can be received from a temperalure
sensor 115 included in the printhead 101. The temperature sensor 115 can be
associated with a particular ejection die 105, andfor group of siection dies 105,
in addition, the temperature sensor 115 can also be associated with a particular
heater 110. The temperature data can include information about the current,
historic, or future operational temperature of the particular gjection die 105
andfor group of ejection dies 105.

{0030} Based on the {emperature data, the controller 210 can gensrate
heater control signals that either turn on, tum off, anfor cycle on and off the
heater 110 associated with the relevance gjection dies 105, at box 320. in some
implementations, generating the heater control signals can include referencing
seffing data andior performance profiles associated with the paricular
printhead 101, the particular ejection dies 105 and/or groups of gjection dies
105. As described hersin, the selling data andior performance profiles
operational setlings or performance curves that associate the printing maternial
drop weight, dot size, or density performance of an ejection die 105 andfor
group of gjection dies 105 with an operational temperature for a particular set
of control signals. The control signals, as described herein, refer o the set of
slecironic signals, such as voltages, curtents, or the like, that the controller 210
sends {o the printhead 101 o drive print nozzles in a particular efection die 105
and recorded in manner {0 generate a printed image. As such, control signals
can include different levels or sets of signals (e.g., bias voltages, activation
voltages, efe.) with which the ejection dies 105 are operated. Accordingly,
different levels of control signals can be associated with corresponding setling

data and/or performance profiles,

[0031] FIG. 4 is a flowchart of an example method 400 for confroliing the
temperature of sjection dies 105 according to various implementations of the
present disclosure. As shown, the method 400 can begin at box 410 with the

controfler 210 receiving iemperature data from printheads 101, The
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temperature data from the printheads 101 can be received from a {emperature
sensor 115 and correspond to temperaturas of component sjection dies 103,
At box 420, the controller can receive data from other printer components 220.
The data received from the printer components 220 can include information
indicating the operation of the componenis, such as the current functions being
performed by the components, the current temperature of the components,
current operational siafus of the components, and the like. For example, the
data received from the prinler components 220 can include information
regarding the current state {e.g., temperalure, airspeed, fault detection, efc.) of
the drying component 221, the current states {g.g., temperature, radiant energy
output, fault detection, elc.) curing component 223, or the current state {e.g.,
temperature, motor speed, bell speed, fam delection, efc.} of the media feeding
system 225,

[0032] Atbox 430, the controller 210 can recsive print density measuremeant
data regarding measwemenis determined by the densily measuring
componant 227, Such measurements can include measurements of the dot
size, density, or other print qualily information of images printed by the
printheads 101 or information about content that will be printed in the fulure as
detected by the densily measwrements component 227.

[0033] Al box 440, the controller 210 can generale heater control signals
with which to control the heaters 110 andfor temperature sensors 115 in the
various printheads 101 and the printer system 200. For example, the heater
control signals can include signals that cause the heaters 110 fo turmn on, tum
off, and/or cycle on and off to set or reset {temperature set points of the
component gjection dies 105 to improve or control the print performance of the

ejection dies 108

{0034] These and cther variglions, modifications, addilions, and
improvements may fall within the scope of the appended claims(s). As used in
the description hereln and throughout the claims that follow, “a", "an”, and "the”
includes plural references unless the confext clearly dictaies otherwise. Also,
as used in the description herein and throughout the claims that follow, the
meaning of “in" includes “in” and “on® unless the context clearly dictates

otherwise. All of the features disclosed in this specification {including any
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accompanying claims, abstract and drawings), and/or all of the elements of any
method or process so disclosed, may be combined iy any combination, except
combinations where at least some of such fealures and/or elements are
mutually exclusive.
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Claims

Whatis claimed is:

1. A printhead comprising:
a plurality of ejection dies;
a temperature sensor coupled to the plurality of ejection dies to send
{emperature signals to a controller; and
a heater coupled to the plurality of ejection dies to apply heat o at
least one gjection die in the plurality of gjection dies.

2. The printhead of claim 1 wherein the heater applies heat 1 the at least one
gjection die based on control signals received from the controller in response
o the temperature signals.

3. The printhead of claim 1 wherein the gjection dies are associated with
corresponding performance profiles comprising temperature based settings.

4. The printhead of claim 1 wherein the plurality of ejection dies is one group of
ejection dies and a plurality of gjection dies included in the printhead.

5. The printhead of claim 1 further comprising a memory having a print

performance profile associated with the plurality of election dies.

6. A printer system comprising:
a condroller 1o generate control signals;
a plurality of printheads coupled fo the controller, each printhead
comprising:
an gjection die to eject printing material in response o the control
signals received from the coniroller;
a temiperature sensor {0 send lemperature data {o the conbrofler;
and
a heater to operate in response {0 the control signals recelved
from the controller based on the temperalure data.
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7. The printer system of cdaim & futher comprising addifional printer
compaonents {o perform corresponding functions and o send status data to
the controller, and wherein the control signals generated by the controlier are

further based on the siatus dats.

8. The printer system of claim & wherein the ejection die comprises a plurality

of ejection dies.

2 e]

. The printer system of claim 6 wherein the temperature sensor measures the
femperature of the gjection die and the temperaiure data is based on the
measures.,

10. The printer system of claim 6 wherein gach printhead further comprises

storing a temperature performance profile associated with the printhead.

11. A methad comprising:
receiving temperature data from a printhead; and
generating heater controt signals based on the temperature data fo
control heaters on the printhead.

12. The method of claim 11, wherein the temperature data comprises dala

corresponding to a lemperature of an gjection die on the printhead.

13. The method of claim 11, further comprising receiving status data from
another printer component, and wherein the conlrol signals are further based
on the status data.

14, The method of claim 11, further comprising receiving print density
measurement data from a densily measurement component, and wherein the

control signals are further based on the print density measurement data.

15. The method of claim 11, wherein the conlrol signals are further basedon a
performance profile associated with the printhead.
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