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(57) Abstract: A method of removing printing fluid puddles from an exterior nozzle surface of an Inkjet printhead includes select-
ively applying a suction signal for a first time period to a plurality of actuators associated with fluid channels of corresponding
nozzles by a control module. The method also includes moving printing fluid within the fluid channels associated with the actuators
in response to application of the suction signal. Additionally, the method also includes creating suction in each one of the associated
fluid channels and through the corresponding nozzles to remove the printing fluid puddles from the exterior nozzle surface by
pulling the printing fluid puddles through the corresponding nozzles and the associated fluid channels in response to movement of
the printing fluid within the fluid channels.
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REMOVE PRINTING FLUID PUDDLES FROM AN
EXTERIOR NOZZLE SURFACE OF AN INKJET PRINTHEAD

BACKGROUND

{00011  Inkjet printing systems may include inkjet printheads including
a plurality of fluid channels having nozzies {o gject drops of printing fiuid there
from during a firing state. For example, the printing fluid may be selectively
ejected from the fluid channeis, through the nozzles, and onto a substrate in
the form of drops {o form images thereon. Periodicaily, during the firing state,
printing fluid puddies may accumulate on an exterior nozzie surface of the

respective inkjet printhead.

BRIEF DESCRIFPTION OF THE DRAWINGS

{00021 Non-limiting examples are described in the following
description, read with reference to the fiqures atlached herelo and do not limit
the scope of the claims. Dimensions of components and features llustrated in
the figures are chosen primarily for convenience and clarity of presentation and
are not necessarily to scale. Referring to the attached figures:

f0083] FIG. 1is a block diagram illustrating an inkjet printing system
according to an example.

{0004] FIGS. 24, 2B and 20 are schematic views illustrating an inkjet
printhead of the inkjet printing system of FIG. 1 in a firing state, a spilting state,

and a suction state, respeciively, according {o examples.
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[0005] FIGS. 3A, 3B, and 3C are graphs Hiustrating a firing signal, a
spitting signal, and a suction signal applied by a control module of the inkjet
printing system of FIG. 1, respectively, according to examples.

[0068] FIG. 4 is a flowchart illustrating a method of removing printing
fluid puddies from an exterior nozzie surface of an inkjet printhead according o

an example.

DETAILED DESCRIPTION

{00871  An inkjel printing system may include an inkjet printhead
including a plurality of fluid channels having nozzles to eject drops of printing
fluid (e.g., printing fluid drops) there from during a firing state. Printing fluid
may accumulate as printing fiuid puddles on an exierior nozzle surface of the
inkiet printhead overtime, for example, due to the firing and spilling of the inkjet
printhead. Surface tension between the printing fluid puddies and the exterior
nozzie surface may influence the puddies to remain thereon for an extended
period. Subsegquently, the puddles may dry out and form a residue layer on the
exterior nozzle surface that may obstruct the nozzles. Consequently, image
degradation, printhead damage, and a reduction in throughput of the inkjet
printing system may be increased.

{00081 In examples, a method of removing printing fluid puddies from
an exterior nozzle surface of an inkjet printhead includes selectively applying a
suction signal for a first time period {o a plurality of actualors associated with
fluid channels of corresponding nozzies by a control module. The method also
includes moving printing fluid within the fluid channels associated with the
actuators in response to an application of the suction signal. Additionally, the
method also includes crealing suction in each one of the associated fluid
channels and through the corresponding nozzles to remove the printing fluid
puddies from the exterior nozzle surface by pulling the printing fuid puddies
through the corresponding nozzles and inio the associated fluid channels in

response o movement of the printing fluid within the fluid channels. Thus, the
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suction produced in the fluid channels and through the corresponding nozzles
may remove {&.q., pull) unwanted, printing fluid puddies from the exterior
nozzie surface and info the nozzles and fiuid channels.  Accordingly, the
removal of printing fluid puddies from the exterior nozzle surface through the
creation of suction may reduce image degradation, printhead damage, and a
reduction in throughput of the inkjet printing system.

[0008] FIG. 1is a block diagram illusirating an inkjel printing system
according to an example. Referring to FIG. 1, in some examples, an inkjet
printing system 100 includes an inkjet printhead 10 and a control module 15
according to an exampie. The inkjel printhead 10 may include a plurality of
piezoelectric actuators 11, a plurality of fluid channels 12 associated with the
piezoelectric actuators 11, a plurality of nozzles 13 corresponding to the fluid
channels 12, and an exterior nozzle surface 14 having an arrangement of the
nozzies 13 thereon. For example, in a firing state, the piezoelectric actuators
11 may receive a firing signal to cause sufficient movermnent of the piezoelectric
actuators 11 o provide sufficient pressure {o the printing fluid in the respective
fluid channels 12 to gject the printing fluid through corresponding nozzles 13 to
a subsirate, and the like. Periodically, puddles of printing fluid (e.g., printing
fluid puddies} may form on the exterior nozzle surface 14, Such puddiss may
dry oul and obstruct the nozzies 13.

(00107 Referring to FIG. 1, in some examples, the control module 15
may selectively apply a suction signal for a first period of time (e.g., first time
period ip4) fo the pluralily of piezoelectric actualors 11 associated with fluid
channels 12 of corresponding nozzles 13. That is, the piezoslectric actuators
11 may move in response o receiving the suction signal to move printing fluid
within the fluid channels 12 associated with the pigzoelectric acluators 11 1o
create suchion in each one of the associated fiuid channels 12 and through the
corresponding nozzies 13. For example, the suction signal may be in aform (o
cause repelitive movement such as retraction and expansion of respective
piezoelectric elements of the respeclive piezoelectric actuators 11 (e.g.,

tickling} to cause negative pressure in the respective fluid channels 12 resulling
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in suction therein and insufficient pressure o sject printing fluid drops there
from. The application of a signal to the piezoeleciric actualors to cause an
amount of movement thereof resulting in a non-jetling of printing fluid drops
from nozzies of the inkjet printhead may be referred {o as tickling.

{0011] Referring to FIG. 1, in some examples, the suction created in
the associated fluid channels 12 and through the corresponding nozzies 13
may be sufficient encugh {o pull printing fluid puddies from the sxierior nozzle
surface 14 into the nozzles 13 and respective fluid channels 12, Such suction
created by the tickling, for example, may create an additional negative
pressure, for example, that may be combined with a back pressure. Back
pressure, for example, may be provided by a back pressure regulator {not
dlustrated) to reduce drooling of printing fluid through the nozzles 13. The
application of the suclion signal 1o the piezoelectric aclualors 11 does not result
in gjection of the printing fuid from the nozzles 13. That is, the suction signal
corresponding fo tickling does not create a type of pressure of sufficient
strength o cause printing fluid drops o firg from the nozzles 13.

f0012] FIGS. 24, 2B and 2C are schematic views illustrating an inkjet
printhead of the inkjet printing system of FIG. 1 in a firing state, a spilting state,
and a suction stale, respectively, according to examples. FIGS. 34, 3B, and
3C are graphs illustrating a firing signal, a spilting signal, and a suction signal
applied by a control module of the inkiet printing system of FIG. 1, respectively,
according to examples. Referring to FIGS. 2A-3C, in some examples, the
inkjet printing system 100 may include the plurality of piezoelectric actuators
11, the plurality of fluid channels 12 associated with the piezoelectric actuators
11, the plurality of nozzles 13 corresponding {o the fluid channsls 12, and the
exterior nozzle surface 14 as previcusly discussed with respect to FiG. 1.

{0013] Referring lo FIGS. 2A-3C, in some examples, the inkjel
printing system 100 may be in a firing state, a spitling slate, and a suction
state. In each of the siates, for example, the inkjet printhead 10 may include
back pressure py 10 reduce drooling of printing fluid 26 out of the nozzles 13.

That is, a back pressure regulator (not illustrated) may provide an amount of
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negative pressure o the fiuid channels 12 to reduce unwanted flow of printing
fluid 26 out of the nozzles 13.

[0014] Referring to FIGS. 2A and 34, in the firing state, for example,
the control module 15 may selectively apply a firing signal s io a respective
piezoelectric actuator 11 o cause a printing fluid drop 26a o eject from the
respective nozzle 13 corresponding o the respective piszoelsctric actuator 11,
for example, o form an image on a substrale 27. That is, the firing signal s
may include sufficient amplitude A {o provide adequate movement of a
piezoelectric element of the respective piezoelsclric actuaior 11 to provide a
sufficient amount of pressure d: in the corresponding fluid channel 12,

[00158] Referring 1o FIGS. 24 and 34, in the firing state, the sufficient
amount of pressure dr causes printing fluid 26 in the fluid channel 12 1o be
ejected from the respeclive nozzle 13 in a form of a printing fluid drop 26a. The
printing fluid drop 26a, for example, may be directed towards a substrate 27 t©
form an image thereon. During the firing of the printing fluid drop 264, printing
fluid may accumulate overlime in a form of priniing fluid puddies 26b on the
exterior nozzle surface 14. Surface tension between the printing fluid puddles
28b and the exterior nozzie surface 14 may influence the printing fluid puddies
28b o remain on the exterior nozzle surface for an exiended period of time.
Subsequently, the printing fluid puddies 26b may dry out and Torm a residue
fayer on the exterior nozzle surface 14 that may obstruct the nozzles 13.

[0016] Referring fo FIGS. 2B and 3B, in the spilling siale, for
example, the control module 15 may selectively apply a spitling signal s, to a
respective piszoeleclric actuator 11 10 cause a printing fluid drop 26a to eject
from a respeclive nozzle 13 corresponding o the respective piszoelectric
actuator 11, for example, into a service station 28 such as a spitioon, and the
fike. That is, the spitling signal s; may be of sufficient amplitude to provide
adequate movement of the piezoelectric element of the respective piezoslaectric
actuator 11 to provide a sufficient amount of pressure d; in the corresponding
fluid channel 12.
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{00171 Referring o FIGS. 2B and 3B, in the spilling siale, the
sufficient amount of pressure dp causes printing fluid 26 in the fluid channel 12
to be ejected from the respective nozzle 13 in a form of a printing fluid drop
28a. The printing fluid drop 263, for example, may be directed towards the
service siation 28. The spilting state may occur periodically to provide wetling
of the nozzles 13. In some exampies, the conilrol module 15 may also
selectively apply spitting signals to the plurality of piezoslectric actuators 11 to
refresh the associated fluid channels 12 and the corresponding nozzles 13.
During the spitting siate of the printing fluid drops 26a, printing fluid may
accumulate overtime in a form of printing fluid puddles 26b on the exterior
nozzie surface 14. Surface tension between the printing fluid puddles 26b and
the exterior nozzle surface 14 may influence the printing fluid puddies 26b {o
remain on the exierior nozzle surface 14 for an extended period of time.
Subsequently, the printing fluid puddies 26b may dry out and form a residue
layer on the exterior nozzle surface 14 that may obstruct the nozzles 13. In
some examples, the fluid channels 12 and nozzles 13 may be purged, for
example, by a purging module {not illustrated) of the printing apparatus 200.

{0018] FReferring to FIGS. 2C and 3C, in some examples, the conirol
module 15 may also selectively apply a suction signal s, for a first time period
tpq io the plurality of piezoelectric actuators 11 associated with fluid channels
12 of corresponding nozzles 13 to move printing fluid 26 within the fluid
channels 12 associated with the piezoslectric actuators 11, Such movement
may create suction in each one of the associated fluid channels 12 and through
the corresponding nozzies 13 to remove printing fluid puddles 26k from the
exterior nozzle surface 14 by pulling the printing fluid puddies 26b through the
corresponding nozzles 13 and into the associated fluid channsls 12, In some
examples, the first lime period ipy may be in a first time period range of over
four seconds. For example, the first time period tpy may be in a first time
period range of four {0 ten seconds. The application of the suction signal s; o
the piszoelectric actuators 11 may not result in ejection of the printing fluid 26

from the nozzles 13. That is, the suclion signal s; does not creale a type of
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pressure of sufficient strength to cause printing fluid drops 28a to fire from the
nozzies 13.

{00197 Referring to FIGS. 2C and 3C, in some examples, the suction
signal s, is a pulse width modulation signal. For example, the pulse width
modulation signal may include a puise width w, within a pulse widih range of
0.5 to 12 microseconds, an amplitude A in an amplitude range of 23 1o 42 volis,
and a frequency in a frequency range of 1 {o 35 kilohertz. The frequency may
be equal to the reciprocal (1/T) of the periocd T. The period T may correspond
{0 a duration of one cycle of a repeating event. In particular, the pulse width
modulation signal may include the pulse width w, within the pulse width range
of 1.5 {o 3 microseconds, the amplitude A in the amplitude range of 23 to 27
volts, and the freguency in the frequency range of 5 1o 14 kiloheriz,

{00207 Referring to FIGS. 2C and 3C, in some examples, the conirol
module 15 may selectively apply the suction signal s, for the first time period
ip1 o the plurality of piezosleclric actuators 11 associated with the fluid
channels 12 of the corresponding nozzles 13 after a second period of time
{e.g., second time period 1p,) from completion of al least one of the firing
signals s: and the spitling signals s, selectively applied by the control module
15. Thatis, the suction signal s, may be of sufficient amplitude A 1o provide an
adequate type of movement of the piezoelectric elements of the respeclive
piezoslectric actuators 11 to provide sufficient amount of suction d; (e.g.
negative pressure) in the corresponding fluid channels 12. In FiG. 3C, a
respective time i in which a respective spitling signal s, is compleled is
iflustrated.

{00211 Consequently, through tickling, a sufficient amount of suction
may be created in each one of the associated fluid channels 12 and through
the corresponding nozzies 13 to pull (e.g., remove) printing fluid puddies 26b
from the exterior nozzle surface 14 therein. In some examples, the sufficient
amount of suction dy may be combined with the existing amount of back
pressure {0 enable pulling of the printing fluid puddies 28a from the exierior

nozzie surface 14. The suction state may occur periodically to remuove printing
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fluid puddles 26b from the exierior nozzie surface 14, In some examples, the
second time period tp2 may be in a range of 1 1o 2 microseconds.

[0022] In some examples, the control module 15 may be
implemented in hardware, software including firmware, or combinations
thereof. The firmware, for example, may be stored in memory and exscuted by
a suilable insiruclion-execution system. If implemented in hardware, as in an
alternative example, the control module 15 may be implemented with any or a
combination of technologies which are well known in the art (for example,
discrete-logic circuits, application-specific integrated circuits (ASICs),
programmable-gate arrays (PGAs), field-programmable gate arrays (FPGAs)),
andior other later developed technologies. In other examples, the conirol
module 15 may be implemented in a combination of software and data
executed and stored under the control of a computing device.

[0023] FIG. 4 is a flowchart illustrating a method of removing printing
fluid puddies from an exierior nozzie surface of an inkjet printhead according to
an example. In some examples, the modules, assemblies, and the like,
previously discussed with respect to FIGS.1-3C may be used to implement the
detection method of FIG. 4. Referring to FIG. 4, in block 5410, a suction signal
is selectively applied for a first time pericd o a plurality of actuators associated
with fluid channels of corresponding nozzles by a control module. Additionally,
the selectively applying the suction signal for the first time period o the plurality
of actuators does not resull in an ejection of drops of the printing fluid drops
from the nozzles. The suction, for example, may be produced through tickling
implemented through application of a pulse width modulation signal.

{0024] In some examples, selectively applying the suction signal for
the first time period to the plurality of actuators associated with the fluid
channels of the corresponding nozzles by the control module may be
performed after a second time period {p, from completion of at least one of the
selectively applying the firing signals and the seleclively applying the spitting

signals. In some examples, the plurality of actuators may include a plurality of
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piezoslectric actuators. The piszoslectric actuator may include a piezoslectric
element which moves in response to an gleclrical signal applied therelo.

{00257 In some examples, the suction signal is a pulse width
modulation signal. For example, the pulse width modulation signal may include
a puise width within a pulse width range of 0.5 to 12 microseconds, an
amplitude in an amplitude range of 23 to 42 volis, and & frequency in a
frequency range of 1 to 35 kilohertz. In particular, the pulse width modulation
signal may include the pulse width within the pulse widthrange of 1510 3
microseconds, the amplitude in the amplifude range of 23 {0 27 volts, and the
frequency in the frequency range of 5 o 14 kilohertz.

{00261 In block 5412, printing fluid within the fluid channeis
associated with the actuators is moved in response {o application of the suction
signal. In block S414, suclion is created in each one of the associated fluid
channels and through the corresponding nozzles to remove the printing fluid
puddies from the exterior nozzle surface by pulling the printing fluid puddies
through the corresponding nozzles and inio the associated fluid channels in
response o movement of the printing fluid within the fluid channels. In some
examples, the method may aiso include selectively applying firing signals by
the control module {o respective actuators to cause printing fluid drops o eject
from respective nozzles corresponding io the respeclive acluators to form an
image on a substrate. Additionally, the method may also include seleclively
applying spifting signals to the plurality of actuators o refresh the associated
fluid channels and the corresponding nozzles,

{00277 His io be undersiood that the flowchart of FIG. 4 iHlustrates
architecture, functionality, and/or operation of examples of the present
disclosure. If embodied in software, each block may represent a module,
segment, or portion of code that includes ong or more executable instructions
to implement the specified logical function{s). If embodied in hardware, each
block may represent a circuit or a number of interconnected circuits io
implement the specified logical function{s). Although the flowchart of FIG. 4

iHlustrales a specific order of execution, the order of execution may differ from
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that which is depicted. For example, the order of exscution of fwo or more
blocks may be rearranged relative to the order illustraied. Also, fwo or more
blocks illustrated in succession in FIG. 4 may be executed concurrently or with
partial concurrence. All such variations are within the scope of the present
disclosure.

{00281 The present disclosure has been described using non-limiling
detailed descriptions of examples thereof that are not intended 1o limit the
scope of the general inventive concept. it should be understood that features
and/or operations described with respect {0 one example may be used with
other examples and that not all examples have all of the features and/or
operations illustrated in a particular figure or described with respact to one of
the examples. Variations of examples described will occur to persons of the
arl. Furthermore, the lerms "comprise,” "include,” "have” and their conjugates,
shall mean, when used in the disclosure and/or claims, "including but not
necessarly limited t0."

{00291 ltis noted that some of the above described examples may
include structure, acts or details of structures and acls that may not be
essential to the general inventive concept and which are described for
flustrative purposes. Structure and acts described herein are replaceable by
equivalents, which perform the same function, even if the structure or acts are
different, as known in the art. Therefore, the scope of the general inventive

concept is limited only by the slements and limitations as used in the claims.
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CLAIMS

WHAT IS CLAIMED 1&:

1. A method of removing printing fluid puddles from an exterior
nozzle surface of an inkjet printhead, the method comprising:

selectively applying a suction signal for a first time pericd to a plurality of
actuators associated with fluid channels of corresponding nozzles by a control
module;

moving printing fluid within the fluid channels associated with the
actualors in response o application of the suction signal; and

creating suction in each one of the associated fluid channels and through
the corresponding nozzies {o remove the printing fluid puddies from the exterior
nozzle surface by pulling the printing fluid puddies through the corresponding
nozzles and the associated fluid channels in response to movement of the

printing fluid within the fluid channels.

2. The method of claim 1, wherein the suction signal is a pulse width

modulation signal.

3. The method of claim 2, wherein the pulse width modulation signal
has a pulse width within a pulse width range of 0.5 {o 12 microseconds, an
amplitude in an amplitude range of 23 to 42 volts, and a frequency in a

frequency range of 1 to 35 kiloheriz.

4, The maethod of claim 1, wherein the first time period is in a first

time pericd range of al least four seconds.
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5. The method of claim 1, wherein the seleclively applying the

suction signal for the first time period o the plurality of actuators does nol resuli

in an ejection of printing fluid drops from the nozzles.

6. The method of claim 1, further comprising:
selectively applying firing signals by the conirol module o respective
actuators to cause printing fluid drops to eject from respective nozzies

corresponding to the respective actuators to form an image on a substrate.

7. The method of claim 6, further comprising:
selectively applving spitling signals {o the plurality of actuators {0 refresh

the associated fluid channels and the corresponding nozzies,

8. The method of claim 7, wherein the seleclively applying the
suction signal for the first time period {o the plurality of actuators associated with
the fluid channels of the corresponding nozzles by the control module is
performed after a second time period from completion of at least one of the
selectively applying the firing signals and the selectively applying the spitling

signals.

8. The method of claim 1, wherein the plurality of actuators includes

a plurality of piszoslectric actuators,

10.  Aninkjet printing system, comprising:

an inkjet printhead including a plurality of piezoslectric acluators, a
plurality of fluid channels associated with the piezoelectric actuators, a plurality
of nozzles corresponding to the fluid channels, and an exlerior nozzle surface
having an arrangement of the nozzles thereon; and

a control module o selectively apply a suction signal for a first fime
period (o the plurality of piezoelectric actuators associated with fluid channsls of

corresponding nozzles to move printing fluid within the fluid channels associated
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with the piezoelectric actualors o create a suction force in each one of the
associated fluld channels and through the corresponding nozzles to remove
printing fiuid puddles from the exierior nozzle surface by pulling the printing fluid
puddies through the corresponding nozzles and the associated fluid channels;
and

wherein the suction signal is a pulse width modulation signal.

11, The inkje! printing system of claim 10, wherein the pulse width
modulation signal includes a pulse width within & pulse width rangs of 0.5 {0 12
microseconds, an amplitude in an amplitude range of 23 {0 42 volis, and a

frequency in a frequency range of 1 {o 35 kiloheriz.

12.  The inkjet printing system of claim 11, wherein the first time period

is in a first ime period range of at least four seconds.

13.  The inkjel printing systern of claim 10, wherein application of the
suction signal to the plurality of actuators does not result in an ejection of

printing fluid drops from the nozzles.

14.  The inkjet printing system of claim 10, wherein the control module
is configured to selectively apply firing signals {o respective piezosiectric
actuators to cause printing fluid drops {o eject from respective nozzies
corresponding o the respective piezoelectric actuators to form an image on a
substrate, and to selectively apply spitling signals {o the plurality of piezoslectric
actuators {o refresh the associated fluid channels and the corresponding

nozzies.

15, The inkje! printing system of claim 14, wherein control module is
configured to seleclively apply the suction signal for the first time period {o the
plurality of piezoelectric actuators associated with the fluid channels of the

corresponding nozzles by the control module after a second time period from
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completion from at isast one of the firing signals and the spitling signals

selectively applied by the control module.
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SELECTIVELY APPLYING A SUCTION SIGNAL FOR A FIRST
TIME PERIOD TO A PLURALITY OF ACTUATORS ASSOCIATED

WITH FLUID CHANNELS OF CORRESPONDING NOZZLES BY A
CONTROL MODULE

]

MOVING PRINTING FLUID WITHIN THE FLUID CHANNELS
ASSOCIATED WITH THE ACTUATORS IN RESPONSE TO
APPLICATION OF THE SUCTION SIGNAL

]

CREATING SUCTION IN EACH ONE OF THE ASSOCIATED
FLUID CHANNELS AND THROUGH THE CORRESPONDING
NOZZLES TO REMOVE THE PRINTING FLUID PUDDBLES
FROM THE EXTERIOR NOZZLE SURFACE BY PULLING THE
PRINTING FLUID PUDDLES THROUGH THE CORRESPONDING
NOZZLES AND INTO THE ASSOCIATED FLUID CHANNELS IN
RESPONSE TO MOVEMENT OF THE PRINTING FLUID WITHIN
THE FLUID CHANNELS

Fig. 4
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