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NOZZLE CHARACTERISTICS

BACKGROUND
[0001] Fluid ejection dies may eject fluid drops via nozzies thereof.
Nozzies may include fluid ejectors that may be actuated o thereby cause
ejection of drops of fluid through nozzie orifices of the nozzles. Some example
fluid ejection dies may be printheads, where the fluid ejected may correspond to

ink.

DRAWINGS
{0002] FIG. 1 is a block diagram that llustrates some components of an
example fluid ejection device.
[0003] FIG. 2 is a block diagram that Hlusirates some components of an

example fluid ejection device.

[0004] FIGS. 3A and 3B are block diagrams that Hllustrate some
components of an example fluid ejection device,

{G005] FIG. 4 is a flowchart that lustrates an example sequence of
operations that may be performed by an example fluid ejection device.

[00086] FI1G. & is a flowchart that Hlustrates an example sequence of
operations that may be performed by an example fluid ejection device,

{00071 FIG. 6 is a flowchart that illustrates an example sequence of
operations that may be performed by an example fluid ejection device.

{0008] Fi@. 7 is a flowchar that ilustrates an example sequence of
operations that may be performed by an example fluid ejection device.

G009 FIG. 8 is a flowchant that Hustrates an example sequence of
operations that may be performed by an example fluid gjection device,

[0010] Throughout the drawings, identical reference numbers designate
similar, but not necessarifly identical, elements. The figures are not necessarily

to scale, and the size of some parts may be exaggerated to more clearly
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itlustrate the example shown. Moreover the drawings provide examples andfor
implementations consistent with the description; however, the description is not
limited {o the examples and/or implementations provided in the drawings.
DESCRIPTION
[0011] Examples of fluid ejection devices may comprise at least one fluid
ejection die. Example fluid gjection dies may comprise a pluralily of sjection
nozzles that may be arranged in a set, where such plurality of nozzles may be
referred to as a set of nozzles. In some examples, each nozzie may comprise a
fluid chamber, a nozzle orifice, and a fluid gjector. A fluid ejector may include a
piezoelestric membrane based actuator, a thermal resistor based actuator
(which may be referred {o as a thermal fluld ejector), an electrostatic membrane
actuator, @ mechanicalfimpact driven mambrane actuator, a magneto-strictive
drive actuator, or other such elements that may cause displacement of fluid
responsive o electrical actuation. Furtharmore, example fluid gjection dies may
comprise af least one temperature sensor disposed thereon. I same
examples, a fluid ejection die may comprise at least one temperature sensor for
gach set of nozzles. In some examples, a fluid ejection die may comprise at
least one temperature sensor for sach nozzle.
{00121 In such examples, for a respective nozzle, an actuation signal may
be fransmitied to the respective nozzle fo cause actuation of a fluid gjector
disposed in the respective nozzie. Due o actuation of the fluid ejector, the
nozzle may egject a drop of fudd,  As used herein, an ejection event may refer fo
the actuation and subsequent ejection of at least one fluid drop from at least
one nozzie, Mareover, # may be noted that in some examples, a plurality of
nozzies may be acluated concurrently such that a plurality of fluld drops may be
ejected concurrently. Accordingly, in these examples, an ejection event refers
to the concurrent actuation and ejection of fluid drops from a plurality of
respective nozzles.
[0013] In some example fluid ejection systems, as fluid is ejected via
nozzles, a temperature change may occur. For exampile, if fluid ejectors of the
nozzles correspond {o thermal fluid sjectors, a temperature of a fluid sjection die

may increase responsive {o actuation of the thermal fluid ejector. In addition,
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when fiuid drops are ejected fram the nozzie, a temperature decrease/cooling
effect may occur. Accordingly, an ejection event for a fluid ejection die may
facilitate a temperature change of the fluid ejection die. In addition, a'volume of
fluid ejected for a particular nozzle (i.e.. a size of a fluid drop) may correspond
to the cooling effect achieved by the ejection action. Therefore, dus to the
actuation of the fluld sjector andfor the gjection of a fluid drop, a temperature
associated with the nozzle may change in an expected manner. Furthermore, a
temperature change may further include a rate of change of the temperature of
a nozzie or a set of nozzles over ime. In other examples, a temperature
change may include a rate of change of the temperature of a nozzle or a set of
nozzles over a number of ejection events.

{0014} Example fluid ejection devices may include a control engine,
where the control engine may monitor femperatures of the nozzles of the fluid
ejection die during operation of the fluld sjection die. Based on the lemperature
of the nozzies associated with ejection events, the control engine may
determine nozzile characteristics for nozzies of the fluid ejection die. inh some
examples, a nozzle characleristic that may be determined may include an
operational status of at least one respective nozzle, where an operational status
may include whether a nozzie is operative or non-operative.  in some examples,
a nozzie characteristic that may be determined may include a volume of fluid
ejected for fluid drops of at least one ejection event. In some examples, a
nozzie characteristic that may be determined may include whether at least one
respective nozzle is at least partislly blocked. These and other nozzle
charactenstics may be delermined as described hersin.

0015] As shown herein, sxample fluid ejection devices may comprise
engines, where such engines may be any combination of hardware and
programming {o implement the funclionalities of the respective engines. In
some examples described herein, the combinations of hardware and
programming may be implemented in a number of different ways. For example,
the programming for the engines may be processor execuiable instructions
stored on a non-transitory machine~-readable storage medium and the hardware
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for the engines may include a processing resourpe o process and execule
those instructions.

{0018} In some examples, a fluid gjection device implementing such
engines may include the machine-readable siorage medium storing the
instructions and the processing resource to process the instructions, or the
machine-readable storage medium may be separalely stored and accessible by
the system and the processing resource. In some examples, engines may be
implemented in circuitry. Moreover, processing resources used (o implement
engines may comprise a processing unit {CPU), an application specific
intfegrated circuit (ASIC), a specialized controller, andfor other such types of
logical componenis that may be implemented for data processing.

{0017} Some examples contemplated herein may compare temperatures
andfor {emperature changes associated with nozzies of a fluid ejection die fo an
expected temperature or an expected range of temperatures. In such
examples, at least one nozzle characteristic of at least one respective nozzle
may be determined based at least in part on whether temperature and/or
temperature changes associated with the at least one nozzle are within an
expected range. An expecited temperature or an expected temperature range
may be predefined, or such expecied temperature or expected temperature
range may be determined by the device during performance of operations by
the device.

{0018} For example, temperatures of a nozzle may be monitored during
gjection of fluid drops with the nozzle for a set of 10 ejection events. Based on
previous performances of the set of 10 sjection svenis, examples may have an
expected range of femperature changes that occur for nozzies when performing
the 10 ejection events. In other examples, an example fiuid ejection device may
have an expecied femperature change range for a given duration when
performing sjection events, such as one minute. in such examples, the fluid
gjection device may compare a measured temperature change over one minute
to the expected temperature change range. In some exampies, the fluid
gjection device may delermine nozzle characteristics based at least in parton a

rate of change of a temperature associated with a nozzie. i such examples, an
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expected rate of change of a temperature associated with a nozzle may be
compared o a determined rate of change for the nozzie during one ejection
event or a set of gjection events when delermining nozzle characleristics.
These and other similar examples are contemplated herein.

{0019] Turning now {o the figures, and particularly to FIG. 1, this figure
provides a block diagram that iflustrates some components of an example fluid
ejaction device 10. As shown, the fluid ejection device may comprise at least
one fluid ejfection die 12, The at least one fluid gjection die 12 may comprise
nozzles 14 and at least one temperature sensor 16. In addition, the fluid
giection device 10 further comprises a control engine 24. As described
previously, (he control engine 24 may monifor temperature of the nazzles 14
during sigction avents with the temperalure sensors 16, and the control engine
24 may determine nozzle characleristics of nozzles 14 based at least in part on
the temperature,

{0020} FIG. 2 provides a block diagram that Hustrates some components
of an example fluid ejection device 50. In this example, the fluid ejection device
50 may comprise fluid sjection dies 54, Each fluid gjection die 54 comprises
nazzies 56 with fluid ejectors 58 disposed thersin, and the fluid sjection dies B4
further comprise at least one temperature sensor 80. As described in previous
examples, the fluid ejection device 50 further comprises a control engine 68, As
shown, the control engine may comprise af least one processing resource 68
and at least ong memory resource 70 that stores executable instructions 72,
Execution of instructions 636 may cause the processing resource 68 and/or Ruid
giection sysiem 50 to pedorm functionalities, processes, and/or sequences of
gperations described herein. Notably, the memory rescurce 70 may be non-
transitory.

{0021] The control engine 66 may monitor temperalures associated
npzzles 58 with the temperature sensors 60 thereof. Based al least in part on
the temperatures associated with the nozzies of the fluid gjection dies b4
associated with at least one gjection event, a temperature change associated
with nozzles 56 actuated for the at least one ejection event may be determined.
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Based on such temperature changes, nozzie characteristics of at least one
respective nozzle 56 may be determined.

[0022] FIGS. 3A-B provide block diagrams that llustrate some
components of an example fluid sjection device 100. in these examples, the
fluid ejection device 100 comprises nozzles 102, where each nozzle includes an
ejaction chamber 104, a fluid ejector 106 disposed in the gjection chamber 104,
and a nozzle orifice 108 formed in a portion of the ejection chamber 104,
Examples described hereiny may include thermal fluld ejectors, such that
actuation of a respective fluid gjector 106 of a respective nozzle 104 may cause
formation of a vapor bubble proximate the fluid sjector 106, The vapor bubble
may cause displacement of fluid in the ejection chamber 104 such that the
displaced fluid may be ejected via the nozzle orifice 108 as a fluid drop. As
mentioned previously, actuation of the respective fluid ejeclor 106 may cause a
{femperature increase iy the respeclive nozzle 102,

[0023] In the example of FIG. 3A, the fluid sjection device 100 includes a
respective temperature sensor 110 positioned proximate each respective nozzle
102. Accordingly, in this example, a control engine 112 of the fluid gjection
device 100 may monifor a tlemperature of sach nozzle 102 with at least the
respective termperature sensor 110 disposed proximate the respective nozzie
102. In some examples, the control engine may further determine a
temperature for a respective nozzle 102 based at least in part on temperatures
sensed by temperature sensors 110 disposed proximate neighboring nozzles
102, Agccordingly, as described herein, a temperature associated with g
raspective nozzle 102 may comespond to a temperature sensed by a
temperature sensor 110 disposed proximate the respective nozzle 102, Inthe
example of FIG. 38, the fluid ejection device comprises a temperature sensor
110 for a group of neighboring nozzles 102, Accordingly, in this example, a
temperature associaled with a respective nozzle 102 may be monitored and
determined by the respective temperature sensor 110 for the group of
neighboring nozzles 102. The examples of FIGS. 3A and 3B are provided to
itlustrate example configurations of nozzles and temperature sensors. Other

examples may include various other arrangements of nozzles and temperature
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sensors, where such other examples may include more or fess temperature
sensors per nozzie,

[0024] FIGS. 4-7 provide flowcharts that provide example sequences of
operations that may be performed by an example fluid gjection device andior a
processing resource thereof to perform example processes and methods. In
some examples, the operations included in the flowcharls may be embodied in
a memory resource {such as the example memory resource 70 of FIG. 2} inthe
form of instructions that may be executable by a processing resource to cause
the an example fluid ejection device andior a control engine thereof fo perform
the operations corresponding {o the instructions. Additionally, the examples
provided in FIGS. 4-7 may be embodied in device, machine-readable storage
madiums, processes, and/or methods. In some examples, the example
processes and/or methods disclosed in the flowcharts of FIGS. 4-7 may be
performed by one or more engines. Moreover, performance of some example
operations described herein may include control of components and/or
subsystems of the fluid ejection device by a control engine thereof to cause
performance of such operations. For example, ejection of fluid drops with a fluid
gjection die of the device may include control of the Ruid ejection die by the
control engine o cause such sjection of uid drops.

{0025] Turning now to FIG. 4, this figure provides a flowchart 150 that
itlustrates an example sequence of operations thal may be performed by an
example fluid ejection device. The fluld sjection device may eject fluid drops
with & nozzle or a set of nozzles of a fluid gjaction die for al lnast one gjection
event {(block 152). During eiection of the fluid drops, the fluid sjection device
may monitor temperatures associated with the nozzle or set of nozzles with
temperature sensors of the fluid ejection die {block 154}, Based at least in part
on temperature changes of temperatures associated with the nozzle
corresponding to the at least one ejection event, the fluid ejection device may
determine at least one nozzie characteristic of the nozzle {block 156},

{0026] For example, if a particular nozzle is actuated (i.e., the fluid ejector
of the nozzle is slectrically actuated) for a set of ejection events, an example
fluid ejection device may monitor the temperature change of at least one
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femperature sensor disposed proximate the nozzle due to the actuation. As
discussed previously, the temperature associated with the nozzle may increase
due fo actuation of the nozzle for gjection, and the temperature associated with
the nozzlie may decrease due to fluid drop sjection. Accordingly, over the set of
ejection events for which the nozzle is acluated, a temperature change may
ocowr. Based on the temperature change for the nozzle, the fiuid gjection
device may determine whether the nozzle is operative {e.g., ejecting fluid
drops), whether the nozzie is partially or fully blocked, an average drop volume
of the fluid drops ejected for the set of ejection events, and/or other such nozzle
characteristics.

{00271 FIG. 5, provides a flowchart 200 that Hiustrates an example
sequence of operations that may be performed by an sxampie fluid ejection
device. In this example, fluid ejeclors of nozzles of a fluid sjection die of the
fluid ejection device may be actuated for at least one gjection event {block 202).
A temperature change associated with each nozzie actuated for the at least one
ejection event may be determined (block 204). A volume of fluid ejected for the
at least one gjecton event may be determined based alleast in part on the
temperature change associated with each nozzle {block 208}, Based al least in
part on the volume of fluid gjectad for the at {east one sjection event, examples
herein may determine an operational status of the nozzles {block 208).

{0028] In this example, it may be appreciated that a plurality of nozzies
may be actuated concurrently for one ejection event or a set of ejection svents,
Accordingly, in this example, the luid gjsction system may delermine that some
nozzies of the plurality sjected are non-operative without delermining the
specific nozzles. In other similar examples, the fluid sjection device may
determine the operational status of specific nozzles by analyzing temperature
changes associated with the nozzles for a set of ejection evenis in which
different combinations of nozzles are gjected concurrently. In other examples,
the fluid sjection device may determine the operational status of each nozzle
based on a respective temperature change associated with the respective
nozzie.
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100291 FIG. 6 provides a flowchart 250 that ilustrates an example
sequence of operations that may be performed by an example fluld gjection
device. The fluid ejection device may monitor temperatures associated with
nozzies of a fluid ejection die thereof for fluid ejection events {block 252). The
fluid ejection device may compare the determined temperalure change for a
nozzie to an expected temperature change for the nozzle (block 254). Hthe
temperature change for a respeciive nozzle is different than an expected
temperature change (Y branch of block 234}, the fluid ejection device may
determine that the nozzle is non-operative {block 256). If the temperature
change of a respective nozzle is approximate the expected temperature change
(‘N branch of block 254), the example fuid ejection device may determine that
the respective nozzle is operative (block 2588). In some examples, the fluid
gjaction device may determine that a nozzle or a group of nozzles are non-
operative if the {emperature change is greater than an expected temperature
change. As used herein, a temperature change for a respective nozzie or group
of nozzles may be determined to be approximate an expected temperature
change if the lemperature change is within 3 range of £10%.

{00307 FIG. 7 provides a flowchart 300 that illustrates a sequence of
operations that may be performed by an example fuid ejection device. Insome
examples, the fluid ejection device may perform servicing operations associated
with fluid ejection dies thereof. Some examples of servicing operations include
nozzie sjection operations o reduce nozzie clogging, crusting, and/or other
issues that may occur. In such examples, a servicing operation may define
particular nozzles to be gjected in 8 specified order for a set of gjaction evenls
corresponding tothe servicing operation. Accordingly, in these examples, the
fiuid ejection device may eject fluid drops via nozzles of fluid ejection dies
thereof for a set of gjection events corresponding o the servicing operation with
{block 302). The system may determine at lsast one nozzle characteristic for at
least one nozzle based at least in part on the determined temperature changs
associated with the at least one nozzle (block 306).

[0031] Turning now to FIG. 8, this figure provides a flowchart 350 that
iflustrates an example sequence of operations that may be performed by an
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example fluid ejection device. The fluld gjection device may eject fluld drops
with a nozzle or a set of nozzles of a fuid ejection die for at least one ejection
event (block 352}, During sjection of the fluid drops, the fluid gjection device
may monitor temperatures associated with the nozzle or set of nozzies with
temperaiure sensors of the fluid ejection die {block 354). Based at least in part
on a rate of change of temperature associated with the nozzle corresponding to
the atl least one ejection event, the fiuid ejection device may determine at least
one nozzie characteristic of the nozzie (block 356},

{0032] Accordingly, examples provided herein may provide a fluid
gjection device in which nozzle characteristics of nozzles of fluid ejection dies
thereof may be monifored and determined based at least in part on measured
temperatures associated with the nozzles. Moreover, examples described
herein may monitor temperature changes for nozzles associaed with gjection
events, By monitoring temperature and temperalure change with temperature
sensors proximate nozzles, examples may determine characteristics and
conditions of the nozzles.

{0033} The preceding description has been presented to iilusirate and
describe examples of the principles described. This description is not intended
{o be exhaustive or to limit these principles o any precise form disclosed. Many
modifications and variations are possible in light of the description. In addition,
while various examples are described herein, elements andfor combinations of
elermnents may be combined and/or removed for various examples contemplated
hereby. For example, the example operations provided herein in the flowcharis
of FIGS. 4-8 may be performed sequentially, concurrently, orin a different
order. Morsover, some sxample operations of the flowcharis may be added to
other flowcharts, and/or some example operations may be remaved from
flowcharts, In addifion, the components illustrated in the examples of FIGS. 1,
2, 3A, and 3B may be added and/for removed from any of the other figures.
Therefore, the foregoing examples provided in the figures and described herein
should not be construed as limiting of the scope of the disclosure, which is
defined in the Claims.

10
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CLAIMS:

1. A fluid gjection device comprising:

a fluid ejection die comprising a plurality of nozzies to sject fluid drops,
the fluid ejection die further comprising a plurality of temperature sensors
disposed thereon 1o sense temperatures associated with nozzies of the plurality
of nozzies; and

a contrad engine to determine at least one nozzle characteristic for at
least one respective nozzle of the plurality of nozzles based atleastin parton a
termperature change associated with the at least one respective nozzle

corresponding to af least one ejection event.

2. The fluid ejection device of claim 1, wherein the control engine to
determine the at least one nozzle characteristic for the at least one respective
nozzia comprises:

the control engine to determine a respective volume of fluid ejected for
the at least one gjection event based al least in part on the lemperature change,
and

wherein the control engine is to delermine the at feast one nozzle
characteristic for the at least one respective nozzle based at feast in part on the

respective volume of fluid ejected for the at least one ejection event,

3. The fluid sjection device of claim 1, wherain each respsclive nozzle of

the plurality includes a respective thermal fluid sjeclor.

4, The fluid ejection device of claim 1, wherein the control engine is further
for

cantrol the fluid ejection die 10 eject drops of fluid for a set of gjection
events for a servicing operation,

wherein the at least one gjection event comprises the set of gjection
evenis for the servicing operation, and the temperature change corresponds to

the set of gjection events for the servicing operation, and the control engine is to

i1
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determine the at least one nozzle characteristic for at least one respective
nozzle based at least in part on the temperature change cotresponding to the

set of gjection svents for the servicing operation.

. The fluid ejection device of claim 1, wherein the at least one respective
nozzie comprises a set of nozzles, and the at least one gjection svent
comprises a set of gjection svents, and at least one nozzle characteristic

comprisaes an operational status of the set of nozzles.

8. The fluld sjection device of claim 5, wherein the control enging is to:
determine the operational status of the sel of nozzles based at least in
part on whether the temperature change for the set of gjection events is

different than an expected temperalure change.

7. The fluid sjection device of claim 8, wherein the conlrof engine is to
determine that the set of nozzles includes non-operative nozzies when the
temperature change for the set of gjection events is different than the expected
temperature change.

8. The fluid ejection device of claim 1, wherein the conlrol engine is fo
determine the at lpast ohe nozzie characteristic for the at least one respective
nozzie based at leastin part on a rate of change of temperature associated with
the gt least one respective nozzle.

9. A method for a fitdd ejection device, comprising:

ejecting fluld via at least one nozzie of at least one fluid ejection die of
the fluid ejection device for al least one sjection svent;

during ejecting of the fluid via the nozzles of the at least one fluid ejection
die of the fluid ejection device for the al least one ejection event, monitoring &
ternperature associated with the at least one nozzle with at least one

temperature sensor disposed on the at least one fluid ejection die; and

12
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determining al least one nozzle characteristic of the al least one nozzle
based at least in part on a temperature change associated with the at least one

nozzle corresponding to the at least one sjection event.

10. The method of claim 9, wherein the at least one nozzle characteristic

comprises an operational stalus of the at least one nozzle.

11, The method of claim 10, wherein determining the operational status of
the at least one nozzie comprises:

determining that the at least one nozzle is non-operative responsive {o
determining that the temperature change associated with the at least ane nozzle
corresponding to the at least ong ejection event is greater than an expected

{emperature change.

12.  The methad of claim 9, wherein the temperature change of the fluid
ejection die corresponds to an ejected volume of fluid for the at least one
sjection svani, an expected temperature change corresponds 1o an expected
volume of fluid for the at least one gjection event, the at least one nozzle
characteristic comprises an operational status of the at least one nozzle, and
the operational status of the at least one nozzle is determined to be non-
operative when the ejected volume of flukd for the at least one ejection eventis

ess than the expected volume of fluld for the at least one sjection event.

13,  Aflud sjection device comprising:

a plurality of fluid ejection dies, each respective fluid sjection die of the
plurality comprising a plurality of nozzles {o eject fluid drops, each respective
fluid ejection die further comprising a plurality of temperature sensors disposed
thereon o sense a temperature of the respective fuid ejection die; and

a control engine {o determine an operational status of at least one nozzle
of a respective fluid ejection die based at least in part on a temperature change
associated with the at least one respective nozzle corresponding to al least one

gjection event.
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14.  The fluid gjection device of ¢laim 13, wherein each nozzle of sach
respective fluid sjection die comprises a thermal fluid ejector, whersin the
contral engine is further to;

electrically actuate the thermal fluid ejectors of a set of nozzles including
the al least one nozzle of the respsctive fluid ejection die for the at least one
ejection event,

wherein the temperature change associated with the at least one
respective nozzle is based at least in part on actuation of the thermal fiuid
giector of the at least one nozzle.

18, The fluid ajection die of clalm 13, wherein the conirol engine to determine
the operational status of the at least one nozzle of the respective fluid gjection
die comprises:

the control engine 1o determine that the at least one nozzle s non-
operative responsive to a determination that the temperature change associated
with the at least one nozzle corresponding 1o the at least one sjection svent is
greater than an expected temperature change.

14
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