[DESCRIPTION]

[Title of Invention]

LIQUID EJECTION HEAD AND METHOD FOR CIRCULATING LIQID
[Technical Field]

[0001]

The present invention relates to a liquid ejechiead and a method for circulating
liquid, and more particularly, to a configuratioor fcausing liquid to flow in the
vicinity of an ejection orifice.

[Background Art]

[0002]

In a liquid ejection head used in a liquid ejectapparatus that ejects liquid such
as ink or the like, volatile components in the idjare evaporated from an
ejection orifice that ejects the liquid, such tlia¢ liquid in the vicinity of the
ejection orifice is thickened. As a result, ancén velocity of the ejected
liquid droplet may be changed, or landing accuratgy be influenced. In
particular, when an idle time after the ejectiopp&formed is long, viscosity of
the liquid is significantly increased and solid qmments of the liquid are stuck in
the vicinity of the ejection orifice, such that laid resistance of the liquid is
increased by the solid components, which may cansgection failure.

As one of the solutions for such a thickening pmeeoon of the liquid, a method
for causing a fresh liquid to flow through an ejextorifice in a pressure chamber
is known. As a means for causing a liquid to flaunethod for circulating the
liquid in the head by a differential pressure mdith® known. In addition, a
method of using a« pump such as an alternating current electro-osnftuiv
(ACEOF) is known (PTL 1).

[0003]

In the case of a configuration of PTL 1, it is pbksto introduce the fresh liquid
into the pressure chamber. However, since anretitserving as a pump does
not exist in a flow path on a downstream side ef éfection orifice, an effect of
discharging the liquid concentrated inside the teyacorifice is small. For this
reason, the concentrated liquid easily stays indide pressure chamber.
Therefore, the liquid inside the pressure chamBeeasily thickened by the
evaporation of the liquid from the ejection orifice
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Patent Literature 1: International Publication MéO 2013/130039

[Summary of Invention]

[Technical Problem]

[0005]

An object of the present invention is to providieqaid ejection head that reduces
color unevenness in an image by alleviating a #mnaokg of a liquid due to

evaporation of the liquid from an ejection orifice.

[Advantageous Effects of Invention]

[0006]

The liquid ejection head according to the presamémtion includes an ejection
orifice that ejects a liquid, a first liquid flonagh which is in communication with

the ejection orifice and through which the liquidws, a second liquid flow path

which is in communication with the ejection orifiom the opposite side of the
first liquid flow path with respect to the ejectiamifice and through which the

liquid flows, a first electrode positioned in thesf liquid flow path, and a second
electrode which is positioned in the second ligfiv path and generates an
electro-osmotic flow in the liquid together withetfirst electrode.

[Brief Description of Drawings]

[0007]

[Fig. 1A]

Fig. 1A is a schematic view of a liquid ejectionadeaccording to a first

exemplary embodiment of the present invention.

[Fig. 1B]

Fig. 1B is a schematic view of the liquid ejectibead according to the first
exemplary embodiment of the present invention.

[Fig. 1C]

Fig. 1C is a schematic view of the liquid ejectibead according to the first
exemplary embodiment of the present invention.

[Fig. 1D]

Fig. 1D is a schematic view of a flow rate disttiba in the liquid ejection head

according to the first exemplary embodiment ofgghesent invention.

[Fig. 2A]

Fig. 2A is a schematic view for describing a medsranof generating a driving

force by an electro-osmotic flow.

[Fig. 2B]

Fig. 2B is a schematic view for describing the nastbm of generating the



driving force by the electro-osmotic flow.

[Fig. 2C]

Fig. 2C is a schematic view for describing the namitm of generating the
driving force by the electro-osmotic flow.

[Fig. 2D]

Fig. 2D is a schematic view for describing the n@esbm of generating the
driving force by the electro-osmotic flow.

[Fig. 3A]

Fig. 3A is a schematic view of a liquid ejectionadeaccording to a second
exemplary embodiment of the present invention.

[Fig. 3B]

Fig. 3B is a schematic view of the liquid ejectio@ad according to the second
exemplary embodiment of the present invention.

[Fig. 3C]

Fig. 3C is a schematic view of a flow rate disttibn in the liquid ejection head
according to the second exemplary embodiment optbesent invention.

[Fig. 4A]

Fig. 4A is a schematic view of a liquid ejectionadeaccording to a third
exemplary embodiment of the present invention.

[Fig. 4B]

Fig. 4B is a schematic view of the liquid ejectibaad according to the third
exemplary embodiment of the present invention.

[Fig. 4C]

Fig. 4C is a schematic view of a flow rate disttibn in the liquid ejection head
according to the third exemplary embodiment ofglesent invention.

[Fig. 5A]

Fig. 5A is a schematic view of a liquid ejectionableaccording to a fourth
exemplary embodiment of the present invention.

[Fig. 5B]

Fig. 5B is a schematic view of the liquid ejectibead according to the fourth
exemplary embodiment of the present invention.

[Fig. 6A]

Fig. 6A is a schematic view of a liquid ejectionalleaccording to a fifth
exemplary embodiment of the present invention.

[Fig. 6B]

Fig. 6B is a schematic view of the liquid ejectibead according to the fifth



exemplary embodiment of the present invention.

[Fig. 7A]

Fig. 7A is a schematic view of a liquid ejectionalleaccording to a sixth
exemplary embodiment of the present invention.

[Fig. 7B]

Fig. 7B is a schematic view of the liquid ejectibead according to the sixth
exemplary embodiment of the present invention.

[Fig. 7C]

Fig. 7C is a schematic view of a flow rate disttibno in the liquid ejection head
according to the sixth exemplary embodiment offfesent invention.

[Fig. 8A]

Fig. 8A is a schematic view of a liquid ejectionadeaccording to a seventh
exemplary embodiment of the present invention.

[Fig. 8B]

Fig. 8B is a schematic view of the liquid ejectio@ad according to the seventh
exemplary embodiment of the present invention.

[Fig. 8C]

Fig. 8C is a schematic view of a flow rate disttiba in the liquid ejection head
according to the seventh exemplary embodimenteoptiasent invention.

[Fig. 9A]

Fig. 9A is a schematic view of a liquid ejectionalleaccording to an eighth
exemplary embodiment of the present invention.

[Fig. 9B]

Fig. 9B is a schematic view of the liquid ejectibead according to the eighth
exemplary embodiment of the present invention.

[Fig. 9C]

Fig. 9C is a schematic view of the liquid ejectiogad according to the eighth
exemplary embodiment of the present invention.

[Fig. 9D]

Fig. 9D is a schematic view of a flow rate disttiba in the liquid ejection head
according to the eighth exemplary embodiment ofptt@sent invention.

[Fig. 9E]

Fig. 9E is a schematic view of the flow rate dmaition in the liquid ejection head
according to the eighth exemplary embodiment ofpifesent invention.
[Description of Embodiments]

[0008]



Hereinafter, a liquid ejection head according teraglary embodiments of the
present invention will be described with referetméhe accompanying drawings.
The respective exemplary embodiments below areteideto an ink jet recording
head and an ink jet recording apparatus that e@)&cbut the present invention is
not limited thereto. The present invention is agglle to apparatuses such as a
printer, a copy machine, a facsimile having a comication system, and a word
processor having a printer part, or an industreaording apparatus which is
complexly combined with a variety of processing appuses. The present
invention can also be used, for example, for thep@ses such as a biochip
fabrication, an electronic circuit printing, and application of resist for forming
circuit patterns of semiconductor wafers.

The exemplary embodiments described below are peefespecific examples of
the present invention and are imposed with varitingtations which are
technically preferred. However, in accordance wvilte scope of the present
invention, the present invention is not limited ttee exemplary embodiments
described below.

[0009]

(First Exemplary Embodiment)

Fig. 1A is a perspective view of a recording eletrerbstrate of a liquid ejection
head according to a first exemplary embodimenthef gresent invention. Fig.
1B is a cross-sectional view of the recording eleinseibstrate shown in Fig. 1A,
Fig. 1C is a cross-sectional view taken along @ ARA of Fig. 1B, and Fig. 1D is
a schematic view showing a flow rate distributiorthe same cross section as Fig.
1C.

A recording element substrate 1 has a substratsd@n ejection orifice forming
member 15. The ejection orifice forming memberislbonded to the substrate
10. The substrate 10 includes an energy-generatergent 11 which generates
energy for ejecting ink. A plurality of ejectiorrifices 12 are disposed in the
ejection orifice forming member 15. The plurality ejection orifices 12 are
arranged in series to form an ejection orifice yrt. The recording element
substrate 1 according to the present exemplary dmmemt has two ejection
orifice arrays 19, but the number of the ejectioifice arrays 19 is not limited
thereto.

[0010]

Referring to Figs. 1B and 1C, in the substrate d@lurality of first through-
orifices 16 and a plurality of second through-ee 17 that penetrate the



substrate 10 from a surface to a rear surfaceoaneefl. In a space between the
ejection orifice forming member 15 and the subetdd, a plurality of first liquid
flow paths 13 and a plurality of second liquid flgaths 14 through which ink
flows are formed. The plurality of first liquidoilv paths 13 and the plurality of
second liquid flow paths 14 are partitioned by ipiart walls 30 with respect to an
array direction of the ejection orifice 12 and previded in parallel to each other.
A plurality of pressure chambers 20 each havingrsrgy-generating element 11
therein are formed between the ejection orificemiog member 15 and the
substrate 10 and between the first liquid flow patB and the second liquid flow
paths 14. In the present invention, the presshesmber 20 indicates an area
sandwiched between the partition walls 30 and a&a am which the energy-
generating element 11 is provided. More broadhe pressure chamber 20
indicates an area in which pressure acts whenrtbyg-generating element 11 is
driven. The ejection orifice 12 faces the energpayating element 11 in a
direction perpendicular to a surface facing thetae orifice forming member 15
of the substrate 10. The pressure chamber 20jrtehrough-orifice 16, and
the second through-orifice 17 are provided for eatthe corresponding liquid
flow paths or each of the ejection orifices 12. efiore, the first through-orifice
16, the first liquid flow path, 13, the pressuractber 20, the second liquid flow
path 14, and the second through-orifice 17 fornmdependent flow path for each
ejection orifice 12. The plurality of first throhgprifices 16 and the plurality of
second through-orifices 17 form a first throughfioe array 25 and a second
through-orifice array 26, respectively. The filstough-orifice array 25 and the
second through-orifice array 26 have an ejectioificer array 19 interposed
therebetween and sides opposite to each othextmeded to be in parallel to the
ejection orifice array 19.

The ink is supplied to the pressure chamber 2Qutitrahe first liquid flow path
13 from the first through-orifice 16. The ink slipd to the pressure chamber
20 is heated by the energy-generating element dlisa@jected from the ejection
orifice 12 by pressure of generated bubbles. Tkenhich is not ejected from
the ejection orifice 12 is guided to the secondulgh-orifice 17 through the
second liquid flow path 14 from the pressure char@fe

[0011]

Two types of electrodes are provided in the firgtid flow path 13 and the
second liquid flow path 14, respectively. Hereiegf these electrodes are
referred to as a first electrode 21 and a secoactrede 22. Each of the first



electrode 21 and the second electrode 22 is provigethe substrate 10. The
first electrode 21 is connected to one terminalp(sitive terminal) of an
alternating current (AC) power source, and the séalectrode 22 is connected
to the other terminal (a negative terminal) of th& power source. The first
electrode 21 has a dimension smaller than thahe®fsecond electrode 22, with
respect to a flow direction of the ink, that isjieection along the first liquid flow
path 13 and the second liquid flow path 14. Meafylthe dimensions of the
first electrode 21 and the second electrode 22dimegtion orthogonal to the flow
direction of the ink are almost the same. Therfan area of the first electrode
21 contacting the ink is smaller than the aredefsecond electrode 22 contacting
the ink.

A plurality of first electrodes 21 and a pluraliof second electrodes 22 are
alternately provided in the first liquid flow patt8 and the second liquid flow
path 14, respectively. The first electrodes 21 #radsecond electrodes 22 are
provided in the order of the first electrode 2le 8econd electrode 22, the first
electrode 21, the second electrode 22, ..., fronfiteethrough-orifice 16 to the
pressure chamber 20. However, at least one pdiredirst electrode 21 and the
second electrode 22 which are adjacent to each otag be provided in the first
liquid flow path 13 and the second liquid flow path. The plurality of first
electrodes 21 are connected to a common first gvield, and the plurality of
second electrodes 22 are connected to a commomdedang 23. The first
wiring 24 and the second wiring 23 are disposedidas opposite to each other
while having the first liquid flow path 13 and tlsecond liquid flow path 14
interposed therebetween. The plurality of firgtctlodes 21 and the plurality of
second electrodes 22 extend in a comb shape imeaseedirection to each other
from the first wiring 24 and the second wiring 23The first wiring 24 extends
along the second liquid flow path 14 and also edebetween the second
through-orifices 17 adjacent to each other. Tlw®iseé wiring 23 extends along
the first liquid flow path 13 and also extends betw the first through-orifices 16
adjacent to each other. In addition, the firstiwgr24 and the second wiring 23
are provided in a lower region of the partition W20 to be in parallel to each
other. As a result, a complication of the firsting 24 and the second wiring 23
is prevented and an increase in a dimension ofeleenent substrate 10 is
suppressed.

[0012]

When the first electrode 21 and the second eleet2®2l are energized, an AC



potential is applied to the first electrode 21 dne second electrode 22. As a
result, as shown in Fig. 1D, in the liquid flow pata flow rate distribution in
which a flow rate at a surface side of the substidl is large and the flow rate
gradually approaches zero as it approaches théagjearifice forming member
15 is generated. The reason that such a flondratebution is generated will be
described with reference to Figs. 2A to 2D.

[0013]

An AC voltage is applied to the first electrode &id the second electrode 22,
wherein considering a timing at which a negativéiage (-V) is applied to the
first electrode 21 and a positive voltage (+V)ppléed to the second electrode 22.
In Fig. 2A, it is assumed that the first electrdleand the second electrode 22
have the same dimensions. As shown in Fig. 2Agelactric double layer is
generated in the first electrode 21 and the seeteadrode. That is, the negative
voltage (-V) is applied to the first electrode 2idahe ink contacting the first
electrode 21 is positively charged, thereby formthg electric double layer.
Similarly, the positive voltage (+V)) is applied ttee second electrode 22 and the
ink contacting the second electrode 22 is negatiglkarged, thereby forming the
electric double layer.

In the ink, an electric field E of a substantiadlgmicircular shape from the second
electrode 22 toward the first electrode 21 is fatmeSuch an electric field is a
symmetrical shape in relation to an intermediate between the first electrode
21 and the second electrode 22. An electric fadchponent E1 which is in
parallel to surfaces of the first and second ebelets 21 and 22 is formed on the
surfaces of the first and second electrodes 212#hd Such an electric field
component E1 exerts Coulomb force on the chargdsced on the first and
second electrodes 21 and 22. A direction of teetgt field component E1 is a
left direction on the drawing at a position closeatgap between the electrodes.
Since the positive charges are applied with forcghie same direction as the
electric field, a rotary eddy F1 in which the inBntacting the first electrode 21
flows in the left direction in the drawing is geatad, as shown in Fig. 2B.
Since the negative charges are applied with fopmosite to that of the electric
field, a rotary eddy F2 in which the ink contactithg second electrode 22 flows
in a right direction in the drawing is generate&ince the ink flows in a direction
away from the gap between the electrodes, an avk A3 such as replenishing the
ink is generated in the gap between the electrodés. addition, since the
direction of the electric field is reversed at tarah portions of the electrode away



from the gap between the electrodes, rotary edeiesn which the ink flows
toward the gap between the electrodes are generakéalvever, since the electric
field is weak, the Coulomb force applied to the iaksmall. As a result, from
the gap between the electrodes toward the firstsaodnd electrodes 21 and 22, a
flow such as a stirring flow flowing in a directi@way from the gap between the
electrodes on the first and second electrodes @22ans formed. Such a flow is
a bilateral symmetrical shape in the first eleatr@d and the second electrode 22.
[0014]

Meanwhile, in Figs. 2C and 2D, a dimension of teeonid electrode 22 in the
flow path direction is larger than that of the ffiedectrode 21 in the flow path
direction. For this reason, an electric field wlgttion is different in the first
electrode 21 and the second electrode 22. A gwialty eddy F5 having a fast
flow rate is formed in the vicinity of the firstegtrode 21. In the vicinity of the
second electrode 22, a small rotary eddy F7 haaislgpw flow rate is formed in a
portion in which a potential is low, and a larg¢éaryg eddy F6 having a fast flow
rate is formed in a portion in which the potentsahigh. As a result, the ink is
drawn into the gap between the electrodes froniitsieelectrode 21, such that an
ink flow is generated in which the ink flows frommetfirst electrode 21 toward the
second electrode 22.

The above description is the same even if the igesioltage (+V) is applied to
the first electrode 21 and the negative voltage) 8/ applied to the second
electrode. That is, even if a polarity of the éggbloltage is inverted, since both
the sign of the charge and the direction of thetate field are inverted, the
direction of the generated flow is not changed. er€fore, a normal flow from
the first electrode 21 having the small dimensioithie flow direction toward the
second electrode 22 having the large dimensioharilow direction is generated.
[0015]

By such an electro-osmotic flow, driving force fausing the ink to flow from
the first liquid flow path 13 toward the seconduiid) flow path 14 is generated.
That is, by the electro-osmotic flow generated Iy first electrode 21 and the
second electrode 22 provided in the first liqumlflpath 13, the ink is introduced
into the pressure chamber 20 passing through étdijuid flow path 13 from the
first through-orifice 16. When the energy-genemtelement 11 acts, a portion
of the ink introduced into the pressure chambeiis28jected from the ejection
orifice 12. The non-ejected ink is dischargedhim dutside of the liquid ejection
head from the second through-orifice 17 passingutliin the second liquid flow
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path 14, by the electro-osmotic flow generated h®y first electrode 21 and the
second electrode 22 provided in the second liqudav fpath 14. The ink
discharged to the outside of the liquid ejectioachpasses through an ink tank or
the like of the recording apparatus and is therodhuced into the liquid ejection
head again. Therefore, according to the exempanpodiment of the present
invention, the ink in the pressure chamber 20 isutated between the pressure
chamber 20 and the outside of the pressure cha@ther Further, the present
invention can also be applied to a configurationwimch the ink is circulated in
the liquid ejection head (the ink flows between ithg&ide and the outside of the
pressure chamber 20) as well as the configurationhich the ink is circulated
between the liquid ejection head and the outsidbefiquid ejection head.

Even when the energy-generating element 11 doesactptsince the electro-
osmotic flow by the AC power source connected mfttst electrode 21 and the
second electrode 22 is generated, the ink flowstdwhe second liquid flow path
14 from the first liquid flow path 13. Thereforeven if the ink is concentrated
in the pressure chamber 20, retention of the cdreted ink in the pressure
chamber 20 can be suppressed. Therefore, sinetavely fresh ink which is
not thickened or has a small degree of thickenanglme ejected from the ejection
orifice 12, it is possible to reduce a color uneness in an image.

[0016]

(Second Exemplary Embodiment)

A configuration of a recording element substrate aofliquid ejection head
according to a second exemplary embodiment of tesemt invention will be
described with reference to Figs. 3A to 3C. Furthrethe following description,
since a difference with the first exemplary embaghitnwill be mainly described,
the description of the first exemplary embodimenteferred to for the part in
which a specific description is omitted.

Fig. 3A is a cross-sectional view of a recordingneént substrate of a liquid
ejection head according to the second exemplaryodmient of the present
invention, Fig. 3B is a cross-sectional view takéong a line A-A of Fig. 3A, and
Fig. 3C is a schematic view showing a flow rateriistion in the same cross
section as Fig. 3B. Fig. 3A shows only one ejectimifice 12, the first and
second liquid flow paths 13 and 14 and the firsd aacond through-orifices 16
and 17 which are associated with one ejectioncerifi2, but configurations of the
ejection orifice array 19 and the first and secttimdugh-orifice arrays 25 and 26
are similar to those of the first exemplary embastim
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In the present exemplary embodiment, the firsttedeée 21 and the second
electrode 22 are disposed on a rear surface @jéotion orifice forming member
15. The rear surface means a surface which ientact with the substrate 10 of
the ejection orifice forming member 15. The chaggbf the electric double
layer occurs on the electrodes on the rear sudhtke ejection orifice forming
member 15. For this reason, as shown in Fig. BGhe flow path, a flow rate
distribution in which the flow rate is large at trear surface side of the ejection
orifice forming member 15 and the flow rate gratiuapproaches zero as it
approaches the surface of the substrate 10 is @exer In a case in which the
first electrode 21 and the second electrode 22li@ven with the same AC power
source and the same frequency as those of theekeshplary embodiment, since
the flow rate at the rear surface side of the mjaatrifice forming member 15 is
large, it is easy to eliminate the concentratiomhefink in the ejection orifice 12.
Therefore, the thickening of the ink may be mofeiehtly reduced.

[0017]

(Third Exemplary Embodiment)

A configuration of a recording element substrate aofliquid ejection head
according to a third exemplary embodiment of thespnt invention will be
described with reference to Figs. 4A to 4C. Furthrethe following description,
since a difference with the first exemplary embaghitnwill be mainly described,
the description of the first exemplary embodimenteferred to for the part in
which a specific description is omitted.

Fig. 4A is a cross-sectional view of a recordingnent substrate of a liquid
ejection head according to the third exemplary efithent of the present
invention, Fig. 4B is a cross-sectional view takéong a line A-A of Fig. 4A, and
Fig. 4C is a schematic view showing a flow ratetriigtion in the same cross
section as Fig. 4B. Fig. 4A shows only one ejectimifice 12, the first and
second liquid flow paths 13 and 14 and the firsd aacond through-orifices 16
and 17 which are associated with one ejectionceriti2, but configurations of the
ejection orifice array 19 and the first and sectimdugh-orifice arrays 25 and 26
are similar to those of the first exemplary embashitm

In the present exemplary embodiment, the firsttedeée 21 and the second
electrode 22 of the first liquid flow path 13 am@yided on the rear surface of the
ejection orifice forming member 15, and the fir#otrode 21 and the second
electrode 22 of the second liquid flow path 14 disposed on the substrate 10.
The electrodes of the first liquid flow path 13 @revided on the rear surface of
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the ejection orifice forming member 15, therebyréasing the flow rate at the
rear surface side of the ejection orifice formingmber 15 and easily suppressing
the concentration in the ejection orifice 12. kidiion, the electrodes of the
second liquid flow path 14 are disposed on the tsates 10, thereby easily
discharging the concentrated ink. Therefore, ire thresent exemplary
embodiment, it is easy to discharge the concemtraie from the vicinity of the
ejection orifice and to discharge the dischargetteatrated ink from the pressure
chamber 20 to the second through-orifice 17.

[0018]

(Fourth Exemplary Embodiment)

A configuration of a recording element substrate aofliquid ejection head
according to a fourth exemplary embodiment of thesent invention will be
described with reference to Figs. 5A and 5B. Famthin the following
description, since a difference with the first exdsmy embodiment will be
mainly described, the description of the first epdany embodiment is referred to
for the part in which a specific description is ¢l

Fig. 5A is a perspective view of a recording eletrerbstrate of a liquid ejection
head according to a fourth exemplary embodimenthefpresent invention and
Fig. 5B is a cross-sectional view of the recordafgment substrate shown in Fig.
5A.

In the present exemplary embodiment, two througfieerarrays provided while
having the ejection orifice array 19 interposedrébetween include a first one
elongated through-orifice 116 and a second onegeled through-orifice 117,
respectively. Since dimensions of the first onenghted through-orifice 116
and the second one elongated through-orifice 112 idirection which is in
parallel to the ejection orifice array 19 can bbstantially increased, dimensions
of the first one elongated through-orifice 116 ahé second one elongated
through-orifice 117 in a direction which is perpendar to the ejection orifice
array 19 can be decreased. For this reasongadyg to shorten a dimension of
the recording element substrate in a width directas compared to the first
exemplary embodiment and it is possible to miniaeuthe recording element
substrate. Either of the one elongated througtices may be provided for each
of the liquid flow paths 13 and 14, similarly teetfirst exemplary embodiment.
[0019]

(Fifth Exemplary Embodiment)

A configuration of a recording element substrate aofliquid ejection head
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according to a fifth exemplary embodiment of thegent invention will be
described with reference to Figs. 6A and 6B. Famthin the following
description, since a difference with the first exdsmy embodiment will be
mainly described, the description of the first epéamy embodiment is referred to
for the part in which a specific description is ¢l

Fig. 6A is a perspective view of a recording eletrerbstrate of a liquid ejection
head according to a fifth exemplary embodimentefpresent invention and Fig.
6B is a cross-sectional view of the recording elenseibstrate shown in Fig. 6A.
In the present exemplary embodiment, one throudgle®r226 is provided for
each ejection orifice 12. In addition, similarly tthe fourth exemplary
embodiment, one through-orifice 226 is common foe plurality of ejection
orifices 12. The first liquid flow path 13 is caguted to one through-orifice 226
and is connected to the pressure chamber 20 byguitam direction by 180
degrees in the middle. The second liquid flow pkthconnecting the pressure
chamber 20 and one through-orifice 226 to eachrasha flow path formed on a
straight line. That is, the ink supplied to thegsure chamber 20 through the
first liquid flow path 13 from the elongated onedhgh-orifice 226 is again
returned to the elongated through-orifice 226 thiothe second liquid flow path
14. According to the configuration of the presex¢mplary embodiment, since
it is not necessary to dispose the two throughearifirrays, it is easy to shorten
the dimension of the recording element substrateha width direction as
compared to the first exemplary embodiment, ansl ftossible to miniaturize the
recording element substrate. Further, it is alsssible to provide a plurality of
through-orifices connected to each ejection orifl& instead of the elongated
through-orifice 226.

In the present exemplary embodiment, even whemthe not ejected, a flow in
which the ink introduced into the first liquid flomath 13 and the second liquid
flow path 14 from one through-orifice 226 is agegturned to one through-orifice
226 is formed. For this reason, similarly to tirstfexemplary embodiment, an
effect of suppressing the retention of the coneg@dt ink is obtained.

[0020]

(Sixth Exemplary Embodiment)

A configuration of a recording element substrate aofliquid ejection head
according to a sixth exemplary embodiment of thesent invention will be
described with reference to Figs. 7A to 7C. Furthrethe following description,
since a difference with the first exemplary embaghitnwill be mainly described,
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the description of the first exemplary embodimenteferred to for the part in
which a specific description is omitted.

Fig. 7A is a cross-sectional view of a recordingneént substrate of a liquid
ejection head according to the sixth exemplary etmbent of the present
invention, Fig. 7B is a cross-sectional view takéong a line A-A of Fig. 7A, and
Fig. 7C is a schematic view showing a flow raterihstion in the same cross
section as Fig. 7B. Fig. 7A shows only one ejectwifice 12, the first and
second liquid flow paths 13 and 14 and the firsd aacond through-orifices 16
and 17 which are associated with one ejectionceriti2, but configurations of the
ejection orifice array 19 and the first and sectimdugh-orifice arrays 25 and 26
are similar to those of the first exemplary embashitm

In the present exemplary embodiment, the firsttedele 21 is provided in the first
liquid flow path 13 and the second electrode 2@r®vided in the second liquid
flow path 14, and the first electrode 21 and thmosd electrode 22 are connected
to a direct current (DC) power source. More speilfy, the first electrode 21 is
connected to a positive pole of the DC power soarwt the second electrode 22
is connected to a negative pole of the DC powercgu The dimensions of the
first electrode 21 and the second electrode 2ZXabstantially the same as each
other, but may be different from each other afhenfirst exemplary embodiment.
The electrodes may be disposed on either of thstsib 10 and the rear surface
of the ejection orifice forming member 15.

As shown in Fig. 7C, the flow rate distribution amgmately shows a flow rate
distribution close to a plug flow. The reason wduch a flow rate distribution
occurs is as follows. In a case in which an eiledield which is in parallel to a
wall surface is applied from the outside, a solidace is negatively charged and
positive ions are excessively present in the ligoidhe vicinity of an interface.
This is because the liquid is positively chargedally and ions of the electric
double layer receive a force in the direction of #lectric field, resulting in a
movement of the ink in the vicinity of the wall. uB to the DC power source, it
is necessary to drive the electrodes at a voltagéhieh electrolysis of the liquid
does not occur (in the case of water, the voltagereferably equal to or less than
about 1V), and the obtained flow rate is small@®gared to the case of using the
AC power source. However, since the ink flow cam denerated only by
connecting the first electrode 21 and the secordtmide 22 to the DC power
source, a simple configuration is obtained as coetpdo the first exemplary
embodiment.
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Further, the present exemplary embodiment has dnéguration in which the
first and second electrodes are provided on thestmate 10, but the present
invention is not limited thereto and can also bgliap to a configuration in which
the first and second electrodes are provided orre¢he surface of the ejection
orifice forming member 15 as described in the sdcexemplary embodiment.
In addition, the present invention can also beiagddo a configuration in which
one of the first and second electrodes is provatethe substrate 10 and the other
is provided on the ejection orifice forming memlér as described in the third
exemplary embodiment.

[0021]

(Seventh Exemplary Embodiment)

A configuration of a recording element substrate aofliquid ejection head
according to a seventh exemplary embodiment ofptiesent invention will be
described with reference to Figs. 8A to 8C. Furthrethe following description,
since a difference with the first exemplary embaghitnwill be mainly described,
the description of the first exemplary embodimenteferred to for the part in
which a specific description is omitted.

Fig. 8A is a cross-sectional view of a recordingneént substrate of a liquid
ejection head according to the seventh exemplarpodiment of the present
invention, Fig. 8B is a cross-sectional view takéong a line A-A of Fig. 8A, and
Fig. 8C is a schematic view showing a flow ratetrtigtion in the same cross
section as Fig. 8B. Fig. 8A shows only one ejectimifice 12, the first and
second liquid flow paths 13 and 14 and the firsd aacond through-orifices 16
and 17 which are associated with one ejectioncerifi2, but configurations of the
ejection orifice array 19 and the first and secttimdugh-orifice arrays 25 and 26
are similar to those of the first exemplary embastim

In the present exemplary embodiment, the firsttedele 21 is provided in the first
liquid flow path 13 and the second electrode 2@r@vided in the second liquid
flow path 14, and the first electrode 21 and theosd electrode 22 are connected
to a positive (+) terminal and a negative (-) terahiof the AC power source,
respectively. The dimensions of the first electr@l and the second electrode
22 are substantially equal to each other.

As shown in Fig. 8C, in the present exemplary erithedt, a flow rate
distribution such as a mixer that substantiallyates about the ejection orifice 12
or the energy-generating element 11 is generatéte reason is as described in
Figs. 2A and 2B. Since a flow component passimgudh the vicinity of the
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ejection orifice 12 is formed, it is possible tausa the concentrated ink in the
vicinity of the ejection orifice 12 to flow. There, the concentration of the ink
in the vicinity of the ejection orifice 12 can bappressed. Since the electrodes
are connected to the AC power source, an occurrehdesubbles due to the
electrolysis is suppressed, thereby making it jesgp achieve a high voltage.
For this reason, it is easy to cause the ink tovfet a higher flow rate as
compared to the sixth exemplary embodiment. Tloeeefit is possible to
achieve a high flow rate of the ink with a simptafiguration.

[0022]

(Eighth Exemplary Embodiment)

A configuration of a recording element substrate aofliquid ejection head
according to an eighth exemplary embodiment of ghesent invention will be
described with reference to Figs. 9A to 9E. Furthrethe following description,
since a difference with the first exemplary embaghitnwill be mainly described,
the description of the first exemplary embodimenteferred to for the part in
which a specific description is omitted.

Fig. 9A is a cross-sectional view of a recordingneént substrate of a liquid
ejection head according to the eighth exemplary cefimbent of the present
invention, Fig. 9B is a cross-sectional view takéong a line A-A of Fig. 9A, and
Fig. 9C is a schematic view showing a flow ratetrtigtion in the same cross
section as Fig. 9B. Fig. 9D is a cross-sectiomalvtaken along a line B-B of
Fig. 9A and Fig. 9E is a schematic view showindoavfrate distribution in the
same cross section as Fig. 9D. Fig. 9A shows onb ejection orifice 12, the
first and second liquid flow paths 13 and 14 anel finst and second through-
orifices 16 and 17 which are associated with orectign orifice 12, but
configurations of the ejection orifice array 19 ahé first and second through-
orifice arrays 25 and 26 are similar to those effttst exemplary embodiment.

In the present exemplary embodiment, in additioth&first electrode 21 and the
second electrode 22, a third electrode 27 and ehfalectrode 28 are formed.
The third electrode 27 and the fourth electrodea@8each connected to wirings
(not shown) by vias 29. The first electrode 21 #msecond electrode 22 have
the configurations similar to the first exemplamglegodiment and specifically have
the following configurations. First, the first eteode 21 and the second
electrode 22 are connected to the positive (+) itealmand the negative (-)
terminal of the AC power source. The first eledg@1 and the second electrode
22 are disposed together in the first liquid floattp13 and the second liquid flow
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path 14. A dimension of the first electrode 2hifiow path direction is smaller
than a dimension of the second electrode 22 irilolne path direction. The first
electrode 21 and the second electrode 22 are @dpms the substrate 10. The
third electrode 27 and the fourth electrode 28camnected to both poles of the
AC power source, and are disposed at both sidee Wwaving the ejection orifice
12 or the energy-generating element 11 interpasedbetween, unlike the sixth
exemplary embodiment. The third electrode 27 &edfourth electrode 28 may
be disposed in any of the first liquid flow path, 13 second liquid flow path 14,
and the pressure chamber 20.

By the first electrode 21 and the second elect2itlean ink flow from the first
liquid flow path 13 toward the second liquid flowath 14 is generated. For this
reason, a fresh ink flow across the pressure chagtbes generated. In addition,
as shown in Fig. 9E, by the third electrode 27 #edfourth electrode 28, a flow
component toward the ejection orifice 12 is gersgtat For this reason, the
concentration of the ink in the ejection orifice d&n be efficiently suppressed.
In the present exemplary embodiment, by combining two configurations
above, an effect of reducing the thickening of thle is greater than in other
exemplary embodiments.

According to the present invention, the thickeniofythe liquid due to the
evaporation of the liquid from the ejection orifiereduced by introducing the
liquid into the pressure chamber and dischargirg litpuid from the pressure
chamber, thereby making it possible to reduce thereinevenness in the image.
[0023]

This application claims the benefit of Japanesee®aRfpplication No. 2016-
065628, filed on March 29, 2016, which is herebgomporated by reference
herein in its entirety.

[Reference Signs List]

[0024]

1 recording element substrate

10 substrate

11 energy-generating element

12 ejection orifice

13 first liquid flow path

14 second liquid flow path

15 ejection orifice forming member

16 first through-orifice



17 second through-orifice
20 pressure chamber

21 first electrode

22 second electrode

23 second wiring

24 first wiring

18
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[CLAIMS]

[Claim 1]

A liquid ejection head comprising:

an ejection orifice through which a liquid is et

a first liquid flow path which is in communicatiovith the ejection orifice;

a second liquid flow path which is in communicatiweith the ejection orifice on
the opposite side of the first liquid flow path vitespect to the ejection orifice;

a first electrode provided in the first liquid flgwath; and

a second electrode which is provided in the sedignet flow path and generates
an electro-osmotic flow in the liquid supplied teetejection orifice together with
the first electrode.

[Claim 2]

The liquid ejection head according to claim 1, Hiertcomprising:

an energy-generating element which is positionefhde the ejection orifice and
generates energy for ejecting the liquid; and

a substrate provided with the energy-generatingete,

wherein the first electrode and the second eleeterd disposed on the substrate.
[Claim 3]

The liquid ejection head according to claim 1, Hiert comprising an ejection
orifice forming member provided with the ejectiarifioe,

wherein the first electrode and the second eleetarg@ disposed on the ejection
orifice forming member.

[Claim 4]

The liquid ejection head according to claim 1, Hertcomprising:

an energy-generating element which is positionefhde the ejection orifice and
generates energy for ejecting the liquid,;

a substrate provided with the energy-generatingef; and

an ejection orifice forming member provided witle #jection orifice,

wherein the first electrode is disposed on the tsatesand the second electrode is
disposed on the ejection orifice forming member.

[Claim 5]

The liquid ejection head according to any one afrak 1 to 4, wherein the first
electrode is connected to one terminal of an atérg current (AC) power source
and the second electrode is connected to the o¢herinal of the AC power
source.

[Claim 6]
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The liquid ejection head according to claim 5, veierat least one first electrode
is each disposed in the first and second liquid fimths and at least one second
electrode is each disposed in the first and setiqudl flow paths, and

in each of the first and second liquid flow patt first electrode and the second
electrode are alternately disposed, and dimensmfnghe first and second
electrodes in directions along the first and sedondd flow paths are different
from each other.

[Claim 7]

The liquid ejection head according to claim 5, véerone first electrode is
disposed in the first liquid flow path, one secaeldctrode is disposed in the
second liquid flow path, and a dimension of thetf@lectrode in a direction along
the first liquid flow path is equal to a dimensiohthe second electrode in a
direction along the second liquid flow path.

[Claim 8]

The liquid ejection head according to claim 6 ofurther comprising:

a pressure chamber including the energy-generatlament which generates
energy for ejecting the liquid therein; and

third and fourth electrodes disposed in the presshamber, the first liquid flow
path, or the second liquid flow path while havimg tejection orifice interposed
therebetween,

wherein the third electrode is connected to onmiteal of a second AC power
source and the fourth electrode is connected tmther terminal of the second
AC power source.

[Claim 9]

The liquid ejection head according to any one afrak 1 to 4, wherein the first
electrode is connected to one terminal of a dicectent (DC) power source and
the second electrode is connected to the otheinahwof the DC power source.
[Claim 10]

The liquid ejection head according to any one aine§ 1 to 9, further comprising
a through-orifice penetrating through the substgatevided with the energy-
generating element which generates energy foriegethte liquid, and connected
to the first liquid flow path or the second liqdldw path,

wherein the through-orifice is provided for eachtd first liquid flow path or the
second liquid flow path.

[Claim 11]

The liquid ejection head according to any one airet 1 to 9, further comprising
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a through-orifice penetrating through the substiyatevided with the energy-
generating element which generates energy foriegethe liquid, and connected
to the first liquid flow path or the second liqdldw path,

wherein the through-orifice is shared for a pluyadif first liquid flow paths and a
plurality of second liquid flow paths.

[Claim 12]

The liquid ejection head according to any one diines 1 to 11, further
comprising the energy-generating element which ggas energy for ejecting the
liquid and a pressure chamber including the engegerating element therein,
wherein the liquid in the pressure chamber is tiated between the pressure
chamber and outside of the pressure chamber.

[Claim 13]

A liquid ejection head comprising:

an ejection orifice through which a liquid is ejedtt

a first liquid flow path which is in communicatiovith the ejection orifice,

a second liquid flow path which is in communicatiweith the ejection orifice on
the opposite side of the first liquid flow path litespect to the ejection orifice,
and

a first electrode and a second electrode providetie first liquid flow path and
the second liquid flow path, respectively, the set@lectrode generating an
electro-osmotic flow in the liquid supplied to tbgction orifice together with the
first electrode.

[Claim 14]

The liquid ejection head according to claim 13, vele the first electrode is
connected to one terminal of an AC power source taedsecond electrode is
connected to the other terminal of the AC powersau

[Claim 15]

The liquid ejection head according to claim 13 dr Wherein dimensions of the
first electrode and the second electrode in dimestialong the first and second
liquid flow paths are different from each other.

[Claim 16]

A method for circulating a liquid, the method comspry:

filling a first liquid flow path which is in commucation with an ejection orifice
through which the liquid is ejected, and a secagdid flow path which is in
communication with the ejection orifice on the opip® side of the first liquid
flow path with respect to the ejection orifice, vihe liquid; and
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connecting a first electrode positioned in thetfirguid flow path and a second
electrode positioned in the second liquid flow paiha DC power source or an
AC power source and generating an electro-osmiatic ih the liquid.

[Claim 17]

The method according to claim 16, wherein the tgsiejected from the ejection
orifice by driving an energy-generating elementairstate in which the liquid
flows by energizing the first and second electrodes



