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(54) LIQUID DISCHARGE DEVICE AND INTERMEDIATE RETAINING BODY

(567)  In the present invention, a liquid discharge de-
vice is provided with a discharge head that discharges a
liquid, a liquid supply path that supplies the liquid to the
discharge head, and an intermediate retaining body dis-
posed in the liquid supply path. The intermediate retain-
ing body comprises a first retaining chamber, a second
retaining chamber disposed upstream of the first retain-
ing chamber, an upper communication path that commu-
nicates between the first retaining chamber and the sec-
ond retaining chamber, and a lower communication path
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that communicates between the first retaining chamber
and the second retaining chamber below the upper com-
munication path. The lower communication path has a
lower communication opening that opensinto the second
retaining chamber, the upper communication path has
an upper communication opening that opens into the sec-
ond retaining chamber, and the lower communication
opening is smaller than the upper communication open-

ing.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to aliquid ejection
device for an inkjet printer or the like and an intermediate
reservoir for a liquid ejection device.

BACKGROUND ART

[0002] An inkjet printer that ejects ink (liquid) from a
nozzle opening of an ejection head onto a medium to
perform printing is widely known as one type of a typical
liquid ejection device. Such a printer may include a liquid
intake passage member (for example, referto patent doc-
ument 1) that draws ink into a head body (ejection head).
[0003] The liquid intake passage member includes an
ink intake passage that supplies ink to the nozzle open-
ing. The ink intake passage includes a filter chamber, a
pressure chamber located at the upstream side of the
filter compartment, a first communication passage, and
a second communication passage. The first communi-
cation passage includes a bubble chamber that extends
vertically upward from the pressure chamber. Ink flows
fromthe pressure chamber through a first communication
passage inlet of the pressure chamber into the first com-
munication passage and enters the filter chamber. Fur-
ther, ink flows from the pressure chamber through a sec-
ond communication passage inlet, which is separate from
the first communication passage inlet and located down-
ward from the first communication passage inlet, into the
second communication passage and enters the filter
chamber.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0004] Patent Document 1: JP-A-2010-52210

SUMMARY OF THE INVENTION

PROBLEMS THAT ARE TO BE SOLVED BY THE IN-
VENTION

[0005] In the printer of patent document 1, the second
communication passage inlet is located below the first
communication passage inlet. When the ink from the
pressure chamber contains bubbles, the bubbles may
enter the second communication passage through the
second communication passage inlet and reach the filter
chamber together with the ink. As a result, the bubbles
may enter the head body.

[0006] Such a problem is not limited to an inkjet printer
that ejects ink from the nozzle opening of the ejection
head and also occursin aliquid ejection device that ejects
liquid from a nozzle opening of an ejection head.
[0007] Itis an object of the presentinvention to provide
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aliquid ejection device and an intermediate reservoir that
restricts the entrance of bubbles into an ejection head.

MEANS FOR SOLVING THE PROBLEM

[0008] A liquid ejection device according to one em-
bodiment of the present disclosure includes an ejection
head that ejects liquid from a nozzle onto a medium, a
liquid supply passage that supplies the ejection head with
the liquid that is held in a liquid supply source, and an
intermediate reservoir arranged in the liquid supply pas-
sage and capable of storing the liquid. The intermediate
reservoir includes afirst storage chamber capable of stor-
ing the liquid, a second storage chamber capable of stor-
ing the liquid and located at an upstream side of the first
storage chamber, an upper communication passage that
connects the first storage chamber and the second stor-
age chamber, and a lower communication passage that
connects the first storage chamber and the second stor-
age chamber at a location lower than the upper commu-
nication passage. The lower communication passage in-
cludes a lower communication port that opens in the sec-
ond storage chamber. The upper communication pas-
sage includes an upper communication port that opens
in the second storage chamber. The lower communica-
tion port is smaller than the upper communication port.
[0009] With this structure, the lower communication
port is smaller than the upper communication port. This
restricts the entrance of bubbles into the lower commu-
nication passage from the lower communication port. Ac-
cordingly, the entrance of bubbles into the ejection head
is restricted.

[0010] Preferably, inthe liquid ejection device, the low-
er communication port opens upward.

[0011] With this structure, bubbles easily float upward
in the liquid. This effectively restricts the entrance of bub-
bles into the lower communication passage from the low-
er communication port.

[0012] Preferably, inthe liquid ejection device, the low-
er communication passage includes an upstream path
that extends from the lower communication port to a lo-
cation lower than the lower communication port and a
downstream path that extends upward from a down-
stream side of the upstream path.

[0013] With this structure, even when bubbles enter
the lower communication passage from the lower com-
munication port, the upstream path extends from the low-
er communication port at a lower location than the lower
communication port. Thus, the buoyance of the bubbles
entering the lower communication passage returns the
bubbles to the second storage chamber. In addition, the
lower communication passage includes the upstream
path and the downstream path. This allows a high flow
passage resistance to be set for the lower communication
passage withoutincreasing the distance between the first
storage chamber and the second storage chamber.
[0014] Preferably, the liquid ejection device further in-
cludes a filter arranged in the first storage chamber. The
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filter partitions the first storage chamber into a down-
stream cavity that is connected to the ejection head and
an upstream cavity that is connected to the second stor-
age chamber. The filter includes a pore that allows for
the passage of the liquid. The lower communication port
is located upward from the filter.

[0015] This structure restricts the passage of bubbles
through the filter and entrance of the bubbles into the
ejection head even when bubbles enter the lower com-
munication passage from the lower communication port.
[0016] Preferably, in the liquid ejection device, the lig-
uid supply passage includes an inlet that opens in the
second storage chamber. The liquid supplied from the
liquid supply source enters the second storage chamber
through the inlet. The lower communication port is locat-
ed downward from the inlet and opens in a direction that
differs from an opening direction of the inlet.

[0017] This structure restricts the entrance of bubbles,
which are suspended in the liquid entering the second
storage chamber from the inlet, into the lower communi-
cation passage from the lower communication port.
[0018] Preferably, in the liquid ejection device, the up-
per communication portis an upper second communica-
tion port, and the upper communication passage further
includes an upper first communication port that opens in
the first storage chamber. The lower communication port
is a lower second communication port, and the lower
communication passage further includes a lower first
communication port that opens in the first storage cham-
ber. The lower communication passage has a flow pas-
sage resistance and the upper communication passage
has a flow passage resistance that are set so that when
the liquid is ejected onto the medium from the ejection
head in a normal state in which a liquid surface of the
liquid in the intermediate reservoiris located upward from
the lower first communication port and the lower second
communication port and downward from the upper first
communication port and the upper second communica-
tion port, the liquid surface of the first storage chamber
does not contact the filter.

[0019] With this structure, when the ejection head
ejects liquid, the liquid surface (air-liquid interface) of the
liquid does not contact the filter. This limits decreases in
the capacity for supplying liquid to the ejection head and
restricts the passage of bubbles through the ejection
head and the entrance of the bubbles into ejection head.
[0020] Preferably, the liquid ejection device further in-
cludes a discharge unit configured to perform a discharge
operation that discharges the liquid ink from the nozzle.
The discharge unit is configured to perform a special dis-
charge operation in which the liquid surface of the first
storage chamber comes into contact with the filter by
discharging the liquid from the nozzle in the normal state.
The pore of the filter is configured so that a pressure
difference between the downstream cavity and the up-
stream cavity produced as the liquid flows through the
liquid supply passage when the special discharge oper-
ation is performed breaks a meniscus of the liquid formed

10

15

20

25

30

35

40

45

50

55

at the pore of the filter.

[0021] With this structure, residual bubbles can be dis-
charged from the second storage chamber by performing
a special discharge operation.

[0022] An intermediate reservoir according to one as-
pect of the present disclosure is arranged in a liquid sup-
ply passage that supplies liquid held in a liquid supply
source to an ejection head that ejects the liquid from a
nozzle onto amedium, andis capable of storing the liquid.
The intermediate reservoir includes a first storage cham-
ber capable of storing the liquid, a second storage cham-
ber capable of storing the liquid and located at an up-
stream side of the first storage chamber, an upper com-
munication passage that connects the first storage cham-
ber and the second storage chamber, and a lower com-
munication passage that connects the first storage cham-
ber and the second storage chamber at a location lower
than the upper communication passage. The lower com-
munication passage includes a lower communication
port that opens in the second storage chamber. The up-
per communication passage includes an upper commu-
nication port that is in communication with the second
storage chamber. The lower communication portis small-
er than the upper communication port.

[0023] With this structure, the lower communication
port is smaller than the upper communication port. This
restricts the entrance of bubbles into the lower commu-
nication passage from the lower communication port. Ac-
cordingly, the entrance of bubbles into the ejection head
is restricted.

[0024] A liquid ejection device according to a further
aspect of the present disclosure includes an ejection
head that ejects liquid, a liquid supply passage that sup-
plies the ejection head with the liquid from a liquid holder
that holds the liquid, and a filter unit located in the liquid
supply passage and including a filtering member that re-
moves foreign matter from the liquid. The filter unit in-
cludes a filter chamber that accommodates the filtering
member and an ink storage chamber that stores the lig-
uid. The filter chamber includes an upstream filter cham-
ber and a downstream filter chamber that are partitioned
by the filtering member. The ink storage chamber and
the upstream filter chamber are in communication
through a first communication pipe, a second communi-
cation pipe, and an airflow pipe. The first communication
pipe is located downward in a gravitational direction from
the second communication pipe and the airflow pipe, and
the first communication pipe is configured so that pres-
sure loss caused by the first communication pipe produc-
es a hydraulic head difference between the ink storage
chamber and the upstream filter chamber that is greater
than or equal to a length of the upstream filter chamber
in the gravitational direction.

[0025] With this structure, the ink supplied to the ink
storage chamber is sent through the first communication
pipe to the upstream filter chamber. The ink then passes
through the filter member, enters the downstream filter
chamber, and is then discharged toward the ejection



5 EP 3 263 343 A1 6

head. In this state, air exists in the upper part of the ink
storage chamber and the airflow pipe. The airflow pipe
allows air to flow between chambers. Thus, the liquid
level of each chamber changes in accordance with the
hydraulic head difference between the chambers.
[0026] If the ejection head performs ink suction when
the liquid surface of the ink storage chamber is lower
than the portion connected with the second communica-
tion pipe and the portion connected with the airflow pipe,
the pressure loss of the first communication pipe produc-
es a hydraulic head difference between the ink storage
chamber and the upstream filter chamber that is greater
than or equal to the length in the gravitational direction
of the upstream filter chamber. Thus, the liquid level of
the upstream filter chamber falls and covers most of the
surface of the filtering member with air. The flow of ink
concentrates at the portion of the filtering member that
is not covered by air. This locally raises the flow speed
and increases the pressure loss of the filter unit. As a
result, pressure that is greater than or equal to the bubble
pointis applied to the filter unit, and air is discharged from
the filter chamber toward the downstream side. Accord-
ingly, a liquid ejection device that is capable of discharg-
ing bubbles accumulated in the filter unit is obtained with
a simple and low-cost structure.

[0027] Preferably,inthe liquid ejection device, the sec-
ond communication pipe is shaped to project upward in
the gravitational direction, and the second communica-
tion pipe includes an uppermost portion that is located
downward in the gravitational direction from the upper-
most portion of the ink storage chamber.

[0028] With this structure, the second communication
pipe shaped to project upward in the gravitational direc-
tion raises the liquid level of the ink storage chamber to
the uppermost portion of the second communication pipe
when discharging bubbles through ink suction. Then, the
liquid level falls as bubbles enter from the upstream side.
However, the siphon principle results in a continuous flow
of ink between the ink storage chamber and the filter
chamber. In this state, even when ink suction is per-
formed, most of the ink flows through the second com-
munication pipe. Thus, the pressure loss of the first com-
munication pipe does not lower the liquid level of the filter
chamber. That is, the discharge of bubbles is restricted.
[0029] The flow of ink in the second communication
pipe is maintained until the liquid level of the ink storage
chamber becomes lower than or equal to the portion con-
nected to the second communication pipe. Thus, bubbles
are not discharged until a certain amount of bubbles enter
the ink storage chamber. Accordingly, this structure is
advantageous in that the frequency in which bubbles en-
ter the ejection head during ink suction is reduced, and
defective ejections seldom occur.

[0030] Preferably, in the liquid ejection device, an up-
per surface of the ink storage chamber is located upward
in the gravitational direction from an upper surface of the
upstream filter chamber.

[0031] With this structure, the ink storage chamber is
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higher than the filter chamber. Thus, residual air mainly
accumulates in the ink storage chamber. This decreases
the area of the filtering member covered by air and in-
creases the area of the filtering member that allows the
passage of ink.

Accordingly, this structure is advantageous in that the
usage efficiency of the filtering member is increased.
[0032] Preferably, in the liquid ejection device, the first
communication pipe has a larger flow passage resistance
than the second communication pipe.

[0033] With this structure, the first communication pipe
has a larger flow passage resistance than the second
communication pipe. When ink flows through the second
communication pipe, the hydraulic head difference be-
tween the ink storage chamber and the filter chamber is
smaller. Thus, ifink suction is performed when ink is flow-
ing through the second communication pipe, the liquid
level of the upstream filter chamber does not easily fall.
This restricts the discharge of bubbles. Bubble discharge
does notoccurevenwhenink suctionis performed unless
new bubbles are accumulated. Accordingly, this struc-
ture is advantageous in that the frequency in which bub-
bles enter the ejection head during ink suction isreduced,
and in that defective ejections seldom occur.

[0034] Preferably, in the liquid ejection device, the air-
flow pipe is coupled to the ink storage chamber at a po-
sition located upward in the gravitational direction from
where the second communication pipe is coupled to the
ink storage chamber.

[0035] With this structure, the airflow pipe is coupled
to the ink storage chamber at a position located upward
in the gravitational direction from where the second com-
munication pipe is coupled to the ink storage chamber.
Thus, the airin the ink storage chamber above the portion
connected to the second communication pipe can be dis-
charged through the airflow pipe during ink suction. Fur-
ther, when the liquid level of the ink storage chamber
rises to above the position connected to the second com-
munication pipe, even when new bubbles enter the ink
storage chamber, the liquid level does not immediately
become lower than the portion connected to the second
communication pipe. Bubble discharge is restricted until
air flows into the second communication pipe. Thus, once
bubbles are discharged, bubble discharge does notoccur
even when a certain amount of bubbles is entered. Ac-
cordingly, this structure is advantageous in that the fre-
quency in which bubbles enter the ejection head during
ink suction is reduced, and in that defective ejections
seldom occur.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]
Fig. 1 is a schematic perspective view showing the
structure of an inkjet printer in a first embodiment.

Fig. 2 is a schematic cross-sectional view showing
the inner structure of the printer of Fig. 1.
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Fig. 3 is a schematic cross-sectional view of an ink
supply passage in the printer of Fig. 1.

Fig. 4 is a schematic cross-sectional view showing
the structure of an intermediate reservoir in the ink
supply passage of Fig. 3.

Fig. 5is a schematic cross-sectional view illustrating
the operation (initial full state) of the intermediate
reservoir of Fig. 4.

Fig. 6 is a schematic cross-sectional view illustrating
the operation (after long term use) of the intermedi-
ate reservoir of Fig. 4.

Fig. 7 is a schematic cross-sectional view illustrating
the operation (first air discharge operation) of the
intermediate reservoir of Fig. 4.

Fig. 8 is a schematic cross-sectional view illustrating
the operation (second air discharge operation) of the
intermediate reservoir of Fig. 4.

Fig. 9 is a schematic cross-sectional view illustrating
the operation (third air discharge operation) of the
intermediate reservoir of Fig. 4.

Fig. 10 is a schematic cross-sectional view illustrat-
ing the operation (fourth air discharge operation) of
the intermediate reservoir of Fig. 4.

Fig. 11 is a schematic cross-sectional view illustrat-
ing the operation (printing state) of the intermediate
reservoir of Fig. 4.

Fig. 12 is a schematic cross-sectional view showing
the structure of an intermediate reservoir (air dis-
charging state) in a second embodiment.

Fig. 13 is a side view showing an intermediate res-
ervoir in a third embodiment.

Fig. 14 is a perspective view showing the intermedi-
ate reservoir of Fig. 13.

Fig. 15 is a cross-sectional view taken along line
15-15in Fig. 14.

Fig. 16 is a schematic cross-sectional view illustrat-
ing the operation (initial full state) of the intermediate
reservoir of Fig. 13.

Fig. 17 is a schematic cross-sectional view illustrat-
ing the operation (after long term non-use) of the
intermediate reservoir of Fig. 13.

Fig. 18 is a schematic cross-sectional view illustrat-
ing the operation (first special discharge operation)
of the intermediate reservoir of Fig. 13.

Fig. 19 is a schematic cross-sectional view illustrat-
ing the operation (second special discharge opera-
tion) of the intermediate reservoir of Fig. 13.

Fig. 20 is a schematic diagram illustrating pressure
that breaks a meniscus formed in a filter pore of the
intermediate reservoir of Fig. 14.

Fig. 21 is a schematic cross-sectional view illustrat-
ing the operation (third special discharge operation)
of the intermediate reservoir of Fig. 13.

Fig. 22 is a schematic cross-sectional view illustrat-
ing the operation (discharge operation) of the inter-
mediate reservoir of Fig. 13.

Fig. 23 is a schematic cross-sectional view illustrat-
ing the operation (printing state) of the intermediate
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reservoir of Fig. 13.

Fig. 24 is a schematic cross-sectional view showing
an inkjet printer in a fourth embodiment.

Fig. 25 is a schematic cross-sectional view showing
a main part of an inkjet printer in a modified example.
Fig. 26 is a schematic cross-sectional view showing
a main part of an inkjet printer in a further modified
example.

EMBODIMENTS OF THE INVENTION
First Embodiment

[0037] A first embodiment of a liquid ejection device
embodied in an inkjet printer will now be described with
reference to the drawings.

[0038] As shown in Fig. 1, an inkjet printer 1, which is
one example of a liquid ejection device, has the form of
arectangular box. In the description hereafter, when the
inkjet printer 1 is set, among the two surface that are
orthogonal to the gravitational direction, the upper one
is referred to as the upper surface and the lower one is
referred to as the bottom surface. Among the two surfac-
es contacting the long sides of the upper surface and the
bottom surface, one surface is referred to as the front
surface and the surface opposite to the front surface is
referred to as the rear surface. The two surfaces contact-
ing the short sides of the upper surface and the bottom
surface are referred to as the side surfaces.

[0039] Asshownin Fig. 1, the front surface of the inkjet
printer 1 includes a front cover 2 and operation buttons
4. The front cover 2 includes a lower end that is pivotally
supported and an upper end that is pulled and pivoted
to horizontally arrange the front cover 2 and open an
elongated paper discharge port 3. Printing paper 20,
which is one example of a medium, is discharged from
the paper discharge port 3.

[0040] The rear side of the inkjet printer 1 includes a
paper feed tray (not shown). The printing paper 20 is set
on the paper feed tray. Operation of the operation buttons
4 moves the printing paper 20 fed from the paper feed
tray in predetermined amounts, prints an image or the
like on the surface of the printing paper 20 inside the
inkjet printer 1, and then discharges the printing paper
20 out of the paper discharge port 3.

[0041] The upper side of the inkjet printer 1 includes
an upper cover 6. The rear side of the upper cover 6 is
pivotally supported. The front side of the upper cover 6
is lifted and pivoted to open the upper cover 6 and check
the inside of the inkjet printer 1 or repair the inkjet printer
1.

[0042] The side surface of the inkjet printer 1 includes
a seat 5. A tank case 7, which has the form of a rectan-
gular box, is arranged on the seat 5. Four ink tanks 9,
which are examples of liquid supply sources, are ar-
ranged in the tank case 7. Each tank 9 holds ink, which
serves as liquid. The ink is supplied to the inkjet printer
1 and used for printing. In the present embodiment, the
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inkjet printer 1 prints color images using four types of ink,
namely, cyan ink, magenta ink, yellow ink, and black ink.
Each type of ink is held in one of the ink tanks 9.
[0043] Aside surface of the tank case 7 (surface at side
that is far from inkjet printer 1) includes a check window
8 that allows the four ink tanks 9 in the tank case 7 to be
visually checked. The ink tanks 9 are formed from trans-
parent or translucent material. This allows the remaining
amount of ink in each ink tank 9 to be visually checked
from the outside.

[0044] The inner structure of the inkjet printer 1 will
now be described.

[0045] As shown in Fig. 2, the inkjet printer 1 includes
a carriage 11 that travels back and forth above the print-
ing paper 20, an ejection head 12 attached to the bottom
side (side where printing paper 20 is located) of the car-
riage 11, and intermediate reservoirs 30 mounted on the
carriage 11. The intermediate reservoirs 30 are connect-
ed by connection tubes 10 to the ink tanks 9 and con-
nected by head connection tubes 52 (refer to Fig. 3) to
the ejection head 12.

[0046] The intermediate reservoirs 30 temporarily
store the ink supplied from the ink tanks 9 through the
connection tubes 10, remove foreign matter from the ink,
and then supply the ink through the head connection
tubes 52 (refer to Fig. 3) to the ejection head 12. In the
present embodiment, the connection tubes 10, the inter-
mediate reservoirs 30, and the head connection tubes
52 are the elements forming liquid supply passages that
supply the ejection head 12 with the ink held in the ink
tanks 9. Each intermediate reservoir 30 is located at an
intermediate position in the corresponding liquid supply
passage.

[0047] The ejection head 12 ejects the ink supplied
from the ink tanks 9 as ink droplets from nozzles 12a
onto the printing paper 20. In the present embodiment,
the inkjet printer 1 uses four types of ink, namely, cyan
ink, magenta ink, yellow ink, and black ink. Thus, the
ejection head 12 mounted on the carriage 11 includes a
nozzle 12a for each type (color) of ink.

[0048] The carriage 11 is driven by a driving mecha-
nism (not shown) and guided by a guide rail 13 to repet-
itively travel back and forth above the printing paper 20.
The inkjet printer 1 alsoincludes a paper feed mechanism
(not shown) that transfers the printing paper 20 little by
little in accordance with the reciprocating movement of
the carriage 11. Ink is ejected from the nozzles 12a of
the ejection head 12 in accordance with the reciprocating
movement of the carriage 11 and the transferring move-
ment of the printing paper 20 to print an image on the
printing paper 20.

[0049] The four types of ink (cyan ink, magenta ink,
yellow ink, and black ink) ejected from the nozzles 12a
of the ejection head 12 are respectively held in the four
ink tanks 9 of the tank case 7. The ink in each ink tank 9
is supplied to the ejection head 12 of the carriage 11
through the corresponding connection tube 10, the cor-
responding intermediate reservoir 30, and the corre-
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sponding head connection tube 52 (refer to Fig. 3). Each
intermediate reservoir 30 has a pressure damping func-
tion and absorbs the pressure fluctuation of the ink that
occurs when the carriage 11 moves.

[0050] A region referred to as a home position is de-
fined in the inkjet printer 1 at the outer side of the printing
paper 20 to where the carriage 11 is moved along the
guide rail 13. A cap 14, which is box-shaped and includes
aclosed bottom, is arranged at the home position. A lifting
mechanism (not shown) vertically moves the cap 14.
[0051] Whentheinkjetprinter 1is notprinting animage
or the like, the carriage 11 is moved to the home position
and the cap 14 is lifted to press the cap 14 against the
bottom surface (surface in which nozzles 12a open). This
forms a closed space and covers the nozzles 12a. Thus,
drying of the ink in the nozzles 12a (in ejection head 12)
is limited.

[0052] The cap 14 is connected by a suction tube 15
to the suction pump 16. In a state in which the cap 14 is
pressed against the bottom side of the ejection head 12,
the suction pump 16 is activated to draw air from the
interior of the cap 14 (closed space). This allows for initial
filling of the ejection head 12 with ink and normal cleaning
(maintenance) of the ejection head 12 that draws out
deteriorated ink (dry or thickened ink). In the present em-
bodiment, the cap 14, the suction tube 15, and the suction
pump 16 are elements forming a discharge unit 18 ca-
pable of performing a discharge operation (normal clean-
ing) that draws and discharges ink from the nozzles 12a.
[0053] A controller 17 is arranged in the inkjet printer
1 to control the operation of the entire inkjet printer 1.
The controller 17 controls the operation that moves the
carriage 11 back and forth, the operation that transfers
the printing paper 20, the operation that ejects ink from
the nozzles 12a, and the discharge operation (normal
cleaning) thatdraws and discharges the ink from the noz-
zles 12a to maintain normal printing.

[0054] As shown in Figs. 3 and 5, each ink tank 9 is
connected to the corresponding intermediate reservoir
30 by the corresponding connection tube 10, and each
intermediate reservoir 30 is connected to the ejection
head 12 by the corresponding head connection tube 52.
The intermediate reservoir 30, which serves as one ex-
ample of a filter unit, includes an ink storage chamber
32, which serves as one example of an ink storage cham-
ber or a second storage chamber. Ink is held together
with a certain amount of air in the ink storage chamber
32. The air acts toabsorb and damp pressure fluctuations
in the ink.

[0055] When performing printing on the printing paper
20, acceleration and deceleration of the carriage 11 pro-
duces a water hammer effect that fluctuates the pressure
of the ink in each connection tube 10. The arrangement
of the intermediate reservoir 30 limits sudden pressure
fluctuation in the ink supplied to the ejection head 12.
This allows for stable ejection of ink from the ejection
head 12.

[0056] A filter 42, which is one example of a filtering
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member that removes foreign matter, is arranged in each
intermediate reservoir 30. The filter 42 obstructs the pas-
sage of foreign matter suspended in the ink supplied from
the corresponding ink tank 9. This limits the foreign matter
that enters the ejection head 12 and reduces clogging of
the ejection head 12 and defective ejection of ink from
the ejection head 12.

[0057] In addition to foreign matter, the filter 42 ob-
structs the passage of fine bubbles 54 (refer to Fig. 6).
Thus, the bubbles 54 accumulate at the upstream side
of the filter 42. The accumulated bubbles 54 form a large
mass of air that closes the filter 42 and cause defective
ejection of ink from the ejection head 12. Thus, the bub-
bles 54 need to be periodically discharged. In the present
embodiment, the ejection head 12 performs ink suction
to discharge the bubbles 54.

[0058] The structure of the intermediate reservoir 30
will now be described in detail.

[0059] Asshown inFigs. 3 and 4, the intermediate res-
ervoir 30 includes a filter chamber 34, which is one ex-
ample of a first storage chamber that is capable of storing
ink, and the ink storage chamber 32, which is cable of
storing ink. The filter 42 is arranged in the filter chamber
34. In the present embodiment, the filter 42 partitions the
filter chamber 34 in the vertical direction into an upstream
filter chamber 44, which defines an upstream cavity, and
a downstream filter chamber 46, which defines a down-
stream cavity. The downstream filter chamber 46 in-
cludes an ink outlet 50. The ink outlet 50 is connected to
the ejection head 12 through the head connection tube
52.

[0060] The upstream filter chamber 44 is connected to
the ink storage chamber 32 through afirst communication
pipe 36 and a second communication pipe 38, which form
a lower communication passage, and an airflow pipe 40,
which forms an upper communication passage. The ink
storage chamber 32 includes an ink inlet 48. The ink inlet
48 is connected to the ink tank 9 through the connection
tube 10. The upper surface of the ink storage chamber
32 is located upward in the gravitational direction from
the upper surface of the upstream filter chamber 44.
[0061] The first communication pipe 36 is located
downward in the gravitational direction from the second
communication pipe 38 and the airflow pipe 40. A con-
stant flow of ink is maintained in the first communication
pipe 36. The first communication pipe 36 is formed by a
fine pipe and functions as an orifice. Thus, a large pres-
sure loss occurs at the first communication pipe 36 when
the ejection head 12 performs ink suction. The pressure
loss is designed to produce a hydraulic head difference
between the ink storage chamber 32 and the upstream
filter chamber 44 that is greater than the length in the
gravitational direction of the upstream filter chamber 44.
The flow passage resistance of the first communication
pipe 36 is designed to be greater than the flow passage
resistance of the second communication pipe 38.
[0062] The second communication pipe 38 is connect-
ed to a side surface of the ink storage chamber 32 and
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bent to project upward in the gravitational direction. The
uppermost portion of the second communication pipe 38
is located downward in the gravitational direction from
the uppermost portion of the ink storage chamber 32.
The second communication pipe 38 functions as a si-
phon. Thus, even if the liquid level of the ink storage
chamber 32 is lower than the uppermost portion of the
second communication pipe 38, once ink starts to flow,
the ink continues to flow through the second communi-
cation pipe 38. The airflow pipe 40 and the ink storage
chamber 32 are coupled at a position located upward in
the vertical position from where the second communica-
tion pipe 38 and the ink storage chamber 32 are coupled.
The uppermost position of the airflow pipe 40 is located
upward in the gravitational direction from the uppermost
position of the second communication pipe 38.

[0063] The operation of the intermediate reservoir 30
will now be described.

Initial Full State

[0064] As shown in Fig. 5, in a state immediately after
the ejection head 12 performs ink suction and fills the
intermediate reservoir 30 with ink, the filter chamber 34,
the first communication pipe 36, and the second commu-
nication pipe 38 are fully filled with ink. However, air re-
mains in the upper portion of the ink storage chamber 32
and the upper portion of the airflow pipe 40. The air pro-
duces a damping effect that reduces pressure fluctuation
in the ink.

After Long Term Use

[0065] As shown in Fig. 6, the use of the inkjet printer
1 over a long term may form the bubbles 54 in each con-
nection tube 10. When printing is performed, the bubbles
54 are suspended in the flowing ink and enter the ink
storage chamber 32 from the ink inlet 48. The entering
bubbles 54 are accumulated and integrated with the air
in the upper portion of the ink storage chamber 32. As
the amount of the bubbles 54 entering the ink storage
chamber 32 increases, the liquid level of the upstream
filter chamber 44 falls.

[0066] When the liquid level of the upstream filter
chamber 44 falls to a certain value or less, the filter 42
closes and causes defective ejection. Thus, there is a
need to discharge the air before the liquid level of the
upstream filter chamber 44 falls to the certain level or
lower. Ink suction is performed to discharge the air.

First Air Discharge Operation

[0067] As shown in Fig. 7, in a state in which the liquid
level of the upstream filter chamber 44 is low, the ejection
head 12 performs ink suction and ink flows from the ink
storage chamber 32 to the upstream filter chamber 44
only through the first communication pipe 36. Under this
situation, a pressure loss occurs in the first communica-
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tion pipe 36. The pressure loss produces a hydraulichead
difference H between the ink in the ink storage chamber
32 and the ink in the upstream filter chamber 44. As a
result, the air accumulated in the upper portion of the ink
storage chamber 32 flows through the airflow pipe 40
and the second communication pipe 38 into the upstream
filter chamber 44.

Second Air Discharge Operation

[0068] As shown in Fig. 8, as the liquid level of the
upstream filter chamber 44 falls, the area of a liquid-con-
tact filter portion 56 becomes extremely small. Conse-
quently, the flow of ink is concentrated in the limited area.
This locally increases the speed of the ink flow. Thus, a
large pressure loss occurs at the filter 42. When the pres-
sure loss becomes equal to or greater than the bubble
point pressure of the filter 42, air can pass through the
filter 42. Thus, the air in the upstream filter chamber 44
is discharged as bubbles 54 to the downstream filter
chamber 46. The discharge of air raises the liquid level
of the ink storage chamber 32.

Third Air Discharge Operation

[0069] Referring to Fig. 9, when the liquid level of the
ink storage chamber 32 reaches the same level as the
uppermost portion of the second communication pipe 38,
ink starts to flow into the second communication pipe 38.
Thus, the upstream filter chamber 44 is quickly filled with
ink. Under this situation, the air in the upstream filter
chamber 44 flows through the airflow pipe 40 to the ink
storage chamber 32.

Fourth Air Discharge Operation

[0070] The above operations discharge some of the
air that was accumulated in the ink storage chamber 32
and returns the liquid level of the intermediate reservoir
30 to the state prior to bubble accumulation as shown in
Fig. 10. In this state, the second communication pipe 38
connects the ink storage chamber 32 and the upstream
filter chamber 44 in a state in which pressure loss is small.
Thus, even when the ejection head 12 performs ink suc-
tion again, a hydraulic head difference is not produced
between the ink in the ink storage chamber 32 and the
ink in the upstream filter chamber 44. Further, bubble
discharge does not occur.

[0071] The state in which bubble discharge does not
occur continues until bubble accumulation lowers the lig-
uid level and empties the second communication pipe 38
of ink. When ink suction is performed for a purpose other
than discharging air out of the intermediate reservoir 30,
this mechanism reduces the frequency in which bubbles
are discharged to the ejection head 12. Thus, defective
ejection of ink from the ejection head 12 seldom occurs.
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Printing State

[0072] Referring to Fig. 11, bubble discharge does not
occur when printing is performed. This differs from ink
suction. The ink flowrate during printing produces a hy-
draulic head difference H between the ink in the ink stor-
age chamber 32 and the ink in the upstream filter cham-
ber 44. However, the ink flowrate is low. Thus, the liquid
level of the upstream filter chamber 44 does not become
low enough for bubble discharge to occur. To realize the
mechanism in which bubble discharge does not occur
during printing, the pressure loss caused by the first com-
munication pipe 36 needs to be properly adjusted.
[0073] More specifically, the pressure loss needs to be
adjusted so that the liquid level of the upstream filter
chamber 44 does not fall to a level that would cause de-
fective ejection at the printing flowrate and so that a hy-
draulic head difference produced between the ink in the
ink storage chamber 32 and the ink in the upstream filter
chamber 44 is greater than or equal to the length of the
upstream filter chamber 44 in the gravitational direction
at the flowrate during ink suction.

[0074] The first embodiment has the advantages de-
scribed below.

(1) In the intermediate reservoir 30, the first commu-
nication pipe 36 is located downward in the gravita-
tional direction from the second communication pipe
38 and the airflow pipe 40, and the pressure loss
caused by the first communication pipe 36 produces
a hydraulic head difference between the ink in the
ink storage chamber 32 and the ink in the upstream
filter chamber 44 that is greater than or equal to the
length of the upstream filter chamber 44 in the grav-
itational direction. Thus, when ink suction is per-
formed, the pressure loss caused by the first com-
munication pipe 36 produces a hydraulic head dif-
ference between the ink in the ink storage chamber
32 and the ink in the upstream filter chamber 44 that
is greater than or equal to the length of the upstream
filter chamber 44 in the vertical direction. This lowers
the liquid level of the upstream filter chamber 44 and
covers substantially the entire surface of the filter 42
with air. Consequently, the flow of ink concentrates
at the portion of the filter 42 that is not covered with
air. This locally raises the flowrate of ink and increas-
es the pressure loss of the intermediate reservoir 30.
Thus, a pressure that is greater than or equal to the
bubble point pressure is applied to the intermediate
reservoir 30, and air is discharged out of the up-
stream filter chamber 44 to the downstream filter
chamber 46. Accordingly, the inkjet printer 1 allows
the bubbles 54 accumulated in the intermediate res-
ervoir 30 to be discharged through a structure that
is not complicated and lowers costs.

(2) The second communication pipe 38 is bent to
project upward in the gravitational direction. Further,
the uppermost position of the second communica-
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tion pipe 38 is located downward in the gravitational
direction from the uppermost position of the ink stor-
age chamber 32. Thus, when bubble discharge is
performed through ink suction, the liquid level of the
ink storage chamber 32 rises to the uppermost por-
tion of the second communication pipe 38. As bub-
bles subsequently enter from the upstream side, the
liquid level of the ink storage chamber 32 falls. How-
ever, as long as the liquid level of the ink storage
chamber 32 is higher than or equal to the portion
connecting the ink storage chamber 32 and the sec-
ond communication pipe 38, ink continuously flows
between the ink storage chamber 32 and the filter
chamber 34 under the siphon principle. Even when
ink suction is performed in this state, most of the ink
flows through the second communication pipe 38.
Thus, pressure loss of the first communication pipe
36 does not lower the liquid level of the filter chamber
34.Thatis, the discharge of the bubbles 54 is limited.
This maintains the flow of ink in the second commu-
nication pipe 38 until the liquid level of the ink storage
chamber 32 becomes lower than the portion con-
necting the ink storage chamber 32 and the second
communication pipe 38. Thus, the bubbles 54 are
not discharged until a certain amount or greater of
the bubbles 54 flows in. Accordingly, when ink suc-
tion is performed for a purpose other than the dis-
charge of air from the intermediate reservoir 30, the
frequency in which the bubbles 54 enter the ejection
head 12 is lowered. This reduces the occurrence of
defective ejection.

(3) The upper surface of the ink storage chamber 32
is located upward in the gravitational direction from
the upper surface of the upstream filter chamber 44.
Thus, residual air mainly collects in the ink storage
chamber 32. This decreases the area of the filter 42
covered with air and increases the area of the filter
42 through which ink can pass. Accordingly, the us-
age efficiency of the filter 42 can be increased.

(4) The pressure loss of the second communication
pipe 38 is smaller than the pressure loss of the first
communication pipe 36. Thus, when ink flows
through the second communication pipe 38, the hy-
draulic head difference is smaller between the ink of
the ink storage chamber 32 and the ink of the filter
chamber 34. This limits the fall in the liquid level of
the upstream filter chamber 44 when ink suction is
performed in a state in which ink flows through the
second communication pipe 38. Consequently, the
discharge of the bubbles 54 is limited, and the bub-
bles 54 are not discharged even when ink suction is
performed unless bubbles 54 are newly accumulat-
ed. Accordingly, when performing ink suction for a
purpose other than the discharge of air from the in-
termediate reservoir 30, the frequency in which the
bubbles 54 enter the ejection head 12 is lowered.
This reduces defective ejection of ink from the ejec-
tion head 12.
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(5) The position where the airflow pipe 40 is connect-
ed to the ink storage chamber 32 is located upward
in the gravitational direction from the position where
the second communication pipe 38 is connected to
the ink storage chamber 32. Thus, the air above the
portion of the ink storage chamber 32 connected to
the second communication pipe 38 can be dis-
charged through the airflow pipe 40 during ink suc-
tion. This raises the liquid level of the ink storage
chamber 32 to a location above the portion connect-
ed to the second communication pipe 38. Thus, even
when new bubbles 54 enter subsequently, the liquid
level does not immediately become lower than the
portion connected to the second communication
pipe 38. As long as air does not flow into the second
communication pipe 38, bubble discharge is restrict-
ed. Thus, once the bubbles 54 are discharged, the
bubble discharge is not performed regardless of the
entrance of a certain amount of bubbles 54. Accord-
ingly, when performing ink suction for a purpose oth-
er than the discharge of air from the intermediate
reservoir 30, the frequency in which the bubbles 54
enter the ejection head 12 is reduced. This reduces
the occurrence of defective ejection of ink from the
ejection head 12.

Second Embodiment

[0075] A second embodiment of the inkjet printer 1 will
now be described with reference to the drawings.
[0076] In the second embodiment, the intermediate
reservoir 30 of the first embodiment is modified as an
intermediate reservoir 30a shown in Fig. 12. Accordingly,
same reference numerals are given to those components
of the second embodiment that are the same as the cor-
responding components of the first embodiment. Such
components will not be described.

[0077] As shown in Fig. 12, the intermediate reservoir
30a has the same structure as the intermediate reservoir
30 of the first embodiment but differs in shape from the
intermediate reservoir 30. More specifically, the upper
space of an ink storage chamber 32a is expanded in the
horizontal direction and extends to immediately above a
filter chamber 34a. An airflow pipe 40a is connected to
the lower surface of the ink storage chamber 32a in the
upper space extending to immediately above the filter
chamber 34a. Thus, the upper portion of the ink storage
chamber 32a holds more air than the intermediate res-
ervoir 30 of the first embodiment. This improves the
damping effect of the intermediate reservoir 30a in com-
parison with the intermediate reservoir 30 of the first em-
bodiment.

[0078] The filter chamber 34a is partitioned by a filter
42a in the horizontal direction and separated into an up-
stream filter chamber 44a and a downstream filter cham-
ber 46a. Thus, even though the area of the filter 42a is
increased, the height of the upstream filter chamber 44a
in the gravitational direction is not increased. According-
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ly, the area of the filter 42a can be increased while keep-
ing the pressure loss caused by the first communication
pipe 36 low. More specifically, the amount of foreign mat-
ter of which passage through the intermediate reservoir
30ais restricted can be increased without an increase in
pressure loss causing a decrease in the ink ejection ca-
pability of the ejection head 12. The downstream filter
chamber 46aincludes an ink outlet 50a, and the ink outlet
50a is connected through the head connection tube 52
to the ejection head 12.

[0079] The operation of the intermediate reservoir 30a
will now be described.

[0080] The operation of the intermediate reservoir 30
is basically the same as the intermediate reservoir 30 of
the first embodiment. Thus, the description will focus on
the second air discharge operation that differs greatly
from the intermediate reservoir 30 of the first embodi-
ment.

Second Air Discharge Operation

[0081] As shown in Fig. 12, the liquid level of the up-
stream filter chamber 44a falls when ink suction is per-
formed, and the area of a liquid-contact filter portion 56a
becomes extremely small. The flow of ink is concentrated
within a limited area. This locally increases the speed of
the ink flow and produces a large pressure loss at the
filter 42a. When the pressure loss becomes greater than
or equal to the bubble point pressure of the filter 42a, air
passes through the filter 42a. Thus, air is discharged as
bubbles 54 out of the upstream filter chamber 44a and
into the downstream filter chamber 46a. The discharge
of the bubbles 54 raises the liquid level of the ink storage
chamber 32a.

[0082] In this manner, the intermediate reservoir 30a
allows bubble discharge to be performed through ink suc-
tion in the same manner as the intermediate reservoir 30
of the first embodiment.

[0083] In addition to advantages (1) to (5), the second
embodiment has the advantages described below.

(6) In comparison with the first embodiment, the
damping capability can beimproved, and the amount
of foreign matter of which passage is restricted can
be increased.

Third Embodiment

[0084] A third embodiment of the inkjet printer 1 will
now be described with reference to the drawings focusing
on points that differ from the first embodiment. Points that
are the same as the first embodiment will not be de-
scribed. The intermediate reservoir 30 of the first embod-
iment is modified to an intermediate reservoir 60 in the
third embodiment as shown in Figs. 13 to 15.

[0085] As shown in Figs. 13 and 14, the intermediate
reservoir 60 has the form of a generally rectangular
cuboid as a whole with one side surface including recess-
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es or grooves that are in communication with one anoth-
er. As shown in Fig. 15, in a state in which a filter 61 is
arranged inside the intermediate reservoir 60, a film
sheet 62 is fused onto one surface of the intermediate
reservoir 60 to close the recesses or grooves. This forms
various flow passages, through which ink or air flows,
and chambers, which store ink, inside the intermediate
reservoir 60. Although the intermediate reservoir 60 in-
cludes the filter 61 and the film sheet 62, Figs. 13 and 14
show the intermediate reservoir 60 without the filter 61
and the film sheet 62.

[0086] As shown in Figs. 13 and 14, the intermediate
reservoir 60 includes a first storage chamber 63 and a
second storage chamber 64 that are capable of storing
ink. Thefirst storage chamber 63 extends from the central
portion toward the lower portion in the intermediate res-
ervoir 60. The second storage chamber 64 is located at
the side of the first storage chamber 63 that is closer to
the corresponding ink tank 9 (refer to Fig. 3), namely, the
upstream side. More specifically, the second storage
chamber 64 is located inside the upper portion of the
intermediate reservoir 60 at the upper side of the first
storage chamber 63.

[0087] Theintermediatereservoir60includesanupper
communication passage 65 and a lower communication
passage 66. Thefirst storage chamber 63 and the second
storage chamber 64 are in communication with each oth-
er through the upper communication passage 65 that is
located upward from the first storage chamber 63 and
the second storage chamber 64. Further, the first storage
chamber 63 and the second storage chamber 64 are in
communication with each other through the lower com-
munication passage 66 that is located downward from
the upper communication passage 65. In the presentem-
bodiment, the upper communication passage 65 and the
lower communication passage 66 are located at opposite
sides of the first storage chamber 63 and the second
storage chamber 64.

[0088] The lower communication passage 66 includes
a lower second communication port 66a, which is the
communication port located at the side of the second
storage chamber 64, and a lower first communication
port 66b, which is the communication port located at the
side of the first storage chamber 63. The upper commu-
nication passage 65 includes an upper second commu-
nication port 65a, which is the communication port locat-
ed at the side of the second storage chamber 64, and
the upper first communication port 65b, which is the com-
munication port located at the side of the first storage
chamber 63. The lower second communication port 66a
is designed to be smaller than the upper second com-
munication port 65a.

[0089] A connection pipe 67 is arranged on the outer
upper end of the intermediate reservoir 60. One end of
the corresponding connection tube 10 (refer to Fig. 3) is
connected to the connection pipe 67. The other end of
the connection tube 10 is connected to the corresponding
ink tank 9 (refer to Fig. 3). The upper side of the second
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storage chamber 64 in the intermediate reservoir 60 in-
cludes a communication flow passage 68. The connec-
tion pipe 67 and the second storage chamber 64 are in
communication through the communication flow pas-
sage 68. The communication flow passage 68 extends
from the connection pipe 67 around the second storage
chamber 64 and to the lower end of the second storage
chamber 64.

[0090] The communication port of the communication
flow passage 68 located at the side of the second storage
chamber 64 defines an inlet 68a through which the ink
supplied from the corresponding ink tank 9 (refer to Fig.
3) flows and enters the second storage chamber 64. More
specifically, ink is supplied from the ink tank 9 (refer to
Fig. 3) through the connection tube 10 (refer to Fig. 3),
the connection pipe 67, the communication flow passage
68, and the inlet 68a to the second storage chamber 64.
The inlet 68a opens laterally toward the second storage
chamber 64. That is, the opening direction of the inlet
68a coincides with the horizontal direction.

[0091] The lower second communication port 66a is
located downward from the inlet 68a next to the inlet 68a.
In the present embodiment, the lower second communi-
cation port 66a opens toward the second storage cham-
ber 64, which is located upward from the lower second
communication port 66a. Accordingly, the opening direc-
tion of the lower second communication port 66a inter-
sects (is orthogonal to) the opening direction of the inlet
68a. That is, the lower second communication port 66a
opens in a direction that differs from the opening direction
of the inlet 68a.

[0092] The lower communication passage 66 includes
an upstream path 66¢, which extends from the lower sec-
ond communication port 66a to a location lower than the
lower second communication port 66a, and a down-
stream path 66d, which extends upward from the down-
stream side of the upstream path 66¢. Thus, the lower
end of the lower communication passage 66 defines a
downwardly curved, U-shaped curved portion 66e. More
specifically, the upstream path 66c extends straight down
from the lower second communication port 66a toward
the curved portion 66e, and the downstream path 66d
extends straight up from the curved portion 66e and is in
communication with the first storage chamber 63 from
the side. In the present embodiment, one half of the
curved portion 66e forms part of the upstream path 66c¢,
and the remaining half of the curved portion 66e forms
part of the downstream path 66d.

[0093] AsshowninFigs. 14 and 15, a connection pro-
jection 69 is formed integrally with the lower end surface
of the intermediate reservoir 60. The connection projec-
tion 69 is connected to the ejection head 12 (refer to Fig.
3). Accordingly, in the present embodiment, the connec-
tion projection 69 is used instead of the head connection
tube 52 (refer to Fig. 3) to form part of the liquid supply
passage.

[0094] The lower portion of the first storage chamber
63 includes the filter 61 that is generally pentagonal. The
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filter 61 partitions the first storage chamber 63 into a
downstream cavity 70, which is located at the side of the
ejection head 12 (refer to Fig. 3), and an upstream cavity
71, which is located at the side of the second storage
chamber 64. The downstream cavity 70 is defined by a
recess 74, which is recessed to be generally pentagonal,
and the open area surrounded by the filter 61. Further,
the downstream cavity 70 is smaller than the upstream
cavity 71.

[0095] The filter 61 includes a large number of pores
61a (refer to Fig. 20) that are meshes allowing for the
passage of ink. The upper end of the downstream cavity
70 is in communication with one end of a discharge pas-
sage 72 through a through hole 73. The other end of the
discharge passage 72 is in communication with the con-
nection projection 69. The lower second communication
port 66a is located upward from the filter 61.

[0096] The filter 61 will now be described.

[0097] The filter 61 may be, for example, a meshed
body such as a wire mesh or a resin mesh, a porous
body, or a metal plate including fine through holes. Spe-
cific examples of a meshed body include a metal mesh
filter and metal fibers. For example, a felt of fine wires of
stainless steel (SUS), a metal sinter filter that is com-
pressed and sintered, an electroformed metal filter, an
electronic beam-processed metal filter, or a laser beam-
processed metal filter may be used.

[0098] In particular, it is preferred that the bubble point
pressure be uniform in the filter 61 and that the filter 61
have an extremely fine pore diameter. The bubble point
pressure is the pressure that breaks the meniscus formed
at each pore 61a (pore opening) of the filter 61. Further,
it is preferred that the filtration grain size of the filter 61
be approximately 15um (0.015mm) that is smaller than
the diameter (e.g., 20 wm (0.020mm)) of the opening in
the nozzle 12a so that foreign matter in the ink does not
reach the nozzle 12a (refer to Fig. 3).

[0099] When employing a mesh filter of stainless steel
as the filter 61, it is preferred that the filtration grain size
of the filter 61 be that of a twill dutch weave (filtration
grain size 10 um), which is smaller than the diameter
(e.g., 20 pm) of the opening in the nozzle 12a so that
foreign matter in the ink does not reach the nozzle 12a.
In this case, the bubble point pressure produced by ink
(e.g., surface tension is approximately 28 mN/M) is 3 to
5 kPa. Further, the bubble point pressure produced by
ink when employing a twill dutch weave (filtration grain
size 5 um) is 10 to 15 kPa.

[0100] When thefilter 61 is a metal plate filter obtained
by forming fine through holes that extend through a metal
plate (e.g., flat metal plate (e.g., thickness of 15 pum)
formed from a metal material such as stainless steel in-
cluding a large number of fine through holes (e.g., hun-
dreds of thousands of pores having an inner diameter of
15 wm per 1 cm2) and cut into disks), the filter 61 that is
used may have adiameter of, for example, approximately
810 9 mm.

[0101] It is preferred that the inner diameter of the
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through hole be smaller than the diameter of the opening
of the nozzle 12a (e.g., 20 wm). The through holes of the
filter 61 may be a square or hexagonal hole. In this case,
the length of the diagonal lines of each through hole need
only be set to be smaller than the diameter of the opening
of the nozzle 12a. The pores 61a of the filter 61 in the
present embodiment are set so that the pitch between
the adjacent pores 61a is approximately 4 um.

[0102] The operation of the intermediate reservoir 60
will now be described.

Initial Full State

[0103] Asshownin Fig. 16, in a state immediately after
the discharge unit 18 (refer to Fig. 2) performs ink suction
from the ejection head 12 and fills the intermediate res-
ervoir 60 with ink, the downstream cavity 70 and the lower
communication passage 66 are fully filled with ink. In this
case, the liquid level (liquid surface) of the ink in the in-
termediate reservoir 60 is located upward from the lower
first communication port 66b and the lower second com-
munication port 66a of the lower communication passage
66 and downward from the upper first communication
port 65b and the upper second communication port 65a
of the upper communication passage 65. This state is
referred to as the normal state. In this state, air remains
in the upper portion of the first storage chamber 63, the
upper portion of the second storage chamber 64, and the
upper communication passage 65. The air produces a
damping effect and limits pressure fluctuation of the ink.

After Long Term Non-Use

[0104] AsshowninFig. 17, when the inkjet printer 1 is
left without being used over a long term, atmospheric air
may enter the connection tube 10 and form bubbles 54.
The bubbles 54 are carried with the ink through the con-
nection pipe 67 and the communication flow passage 68
and enter the second storage chamber 64 from the inlet
68a. The bubbles 54 entering the second storage cham-
ber 64 are integrated and accumulated with the air in the
upper portion of the first storage chamber 63 and the air
in the upper portion of the second storage chamber 64.
As the amount of the bubbles 54 entering the second
storage chamber 64 increases, the liquid level of the ink
in the first storage chamber 63 and the liquid level of the
ink in the second storage chamber 64 fall.

[0105] Whentheliquidlevel ofthe inkinthe first storage
chamber 63 falls to a certain level or less, for example,
thefilter 61 is closed by air. This causes defective ejection
of ink from the ejection head 12. In other words, there is
a limit to the amount of the bubbles 54 accumulated in
the first storage chamber 63 and the second storage
chamber 64. Accordingly, the bubbles 54 (air) need to
be discharged before the liquid level of the ink in the first
storage chamber 63 falls to the certain level or less. A
special discharge operation (long-time cleaning) is per-
formed to discharge the bubbles 54.
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[0106] Inthe special discharge operation of the present
embodiment, the discharge unit 18 (refer to Fig. 2) draws
ink from the nozzle 12a and discharges the ink over a
longer time than when performing a discharge operation
(normal cleaning). That is, the special discharge opera-
tion (long-time cleaning) is performed for a longer time
than the normal discharge operation (normal cleaning).
In the special discharge operation (long-time cleaning),
the suction force of the nozzle 12a for drawing ink is the
same as the discharge operation (normal cleaning).

First Special Discharge Operation

[0107] Referringto Fig. 18, when the discharge unit 18
(refer to Fig. 2) draws ink from the nozzle 12a to perform
the special discharge operation (long-time cleaning), ink
flows from the second storage chamber 64 to the up-
stream cavity 71 (first storage chamber 63) only through
the lower communication passage 66. The pressure loss
at the lower communication passage 66 produces a hy-
draulic head difference H between the inkin the upstream
cavity 71 and the ink in the second storage chamber 64.
Thus, the liquid level of the ink in the upstream cavity 71
falls. As a result, the air accumulated in the upper portion
of the second storage chamber 64 flows through the up-
per communication passage 65 to the upstream cavity
71.

Second Special Discharge Operation

[0108] Referringto Fig. 19, the discharge unit 18 (refer
to Fig. 2) then draws ink from the nozzle 12a and grad-
ually lowers the liquid level of the ink in the upstream
cavity 71 (the first storage chamber 63) until the liquid
level falls to the lower end of the filter 61. Accordingly,
the discharge unit 18 performs the special discharge op-
eration to draw and discharge ink from the nozzle 12a
so that the liquid level (liquid surface) of the ink in the
upstream cavity 71 (first storage chamber 63) contacts
the filter 61. Thus, the special discharge operation is per-
formed so that the liquid level (liquid surface) of the ink
in the upstream cavity 71 (first storage chamber 63) falls
from the height of the normal state to the height that con-
tacts the filter 61.

[0109] Consequently, the area of a liquid-contact filter
portion 75, which is the portion in the upstream surface
of the filter 61 that contacts the ink, becomes extremely
small. This concentrates the flow of ink at the limited area.
Thus, the flow of ink becomes locally high, and the filter
61 produces a large pressure loss. When the pressure
loss becomes greater than or equal to the bubble point
pressure of the filter 61, air passes though the filter 61,
and air is discharged from the upstream cavity 71 to the
downstream cavity 70 as bubbles 54. The discharge of
air from the upstream cavity 71 to the downstream cavity
70 raises the liquid level of the ink in the second storage
chamber 64.

[0110] Each pore 61a of the filter 61 (refer to Fig. 20)
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is configured so that the pressure difference between the
downstream cavity 70 and the upstream cavity 71 when
ink flows through the intermediate reservoir 60 during the
special discharge operation performed by the discharge
unit 18 breaks the meniscus of the ink formed at the pore
61a of the filter 61. In other words, air does not flow
through the filter 61 as long as the meniscus formed on
the pore 61a of the filter 61 does not break.

[0111] The pressure that breaks the meniscus formed
at the pore 61a of the filter 61 will now be described with
reference to Fig. 20.

[0112] First, P represents the pressure when bubbles
form (bubble point pressure), y represents the surface
tension of ink, p represents the ink density, 6 represents
the wetting angle, and D represents the pore diameter.
[0113] The pressure Py produced by the interface ten-
sion of the ink liquid surface and the filter 61 is
Py=4ycos0Dn/(rD2)=4ycos6/D. When bubbles form
(when meniscus formed at pore 61a of filter 61 breaks),
the bubble point pressure P and the pressure Py are in
an equilibrium. More specifically, P=Py is satisfied. Thus,
P=Py=4ycos6/D is satisfied.

Third Special Discharge Operation

[0114] Referringto Fig. 21, when the discharge unit 18
(refer to Fig. 2) ends the ink suction from the nozzles
12a, the discharge of bubbles 54 (air) from the upstream
cavity 71 to the downstream cavity 70 immediately stops.
However, ink continues to flow through the lower com-
munication passage 66, and the height of the liquid level
of the ink in the first storage chamber 63 and the liquid
level of the ink in the second storage chamber 64 become
the same. Under this situation, the accumulated bubbles
54 have already been discharged. Thus, the liquid level
(liquid surface) of the ink in the intermediate reservoir 60
returns to the height of the normal state. This completes
the special discharge operation.

Discharge Operation

[0115] Referring to Fig. 22, when the discharge unit 18
(refer to Fig. 2) draws ink from the nozzle 12a to perform
the discharge operation (normal cleaning), the suction
time during which ink is drawn from the nozzle 12a is
shorter in the discharge operation than the special dis-
charge operation. Thus, the liquid level of the ink in the
upstream cavity 71 (first storage chamber 63) does not
fall to the filter 61.

[0116] More specifically, the discharge operation ends
before the liquid level of the ink in the upstream cavity
71 (first storage chamber 63) falls to the filter 61. Accord-
ingly, the bubbles 54 in the upstream cavity 71 do not
pass through the filter 61 and are not discharged into the
downstream cavity 70. This reduces defective ejection
of ink from the nozzle 12a of the ejection head 12 that
would be caused by the bubbles 54 immediately after the
discharge operation.
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[0117] The volume of the first storage chamber 63
needs to be properly adjusted for the discharge unit 18
(refer to Fig. 2) to selectively perform the discharge op-
eration and the special discharge operation, which differ
in the time ink is drawn from the nozzle 12a, and control
the discharge of bubbles 54 from the nozzle 12a. In the
present embodiment, the volume of the first storage
chamber 63 is set so that the liquid level of the ink in the
upstream cavity 71 does not fall to the filter 61 during the
discharge operation (normal cleaning) and so that the
liquid level of the ink in the upstream cavity 71 falls to the
lower end of the filter 61 during the special discharge
operation (long-time cleaning).

Printing State

[0118] Referring to Fig. 23, when performing printing
in a normal state, the bubbles 54 in the upstream cavity
71 donot pass through the filter 61 and are not discharged
into the downstream cavity 70. This is because the ink
flow rate is lower than the discharge operation even
though the ink flow rate during printing produces a hy-
draulic head difference H between the ink in the second
storage chamber 64 and the ink in the upstream cavity
71 (first storage chamber 63). Thus, the liquid level of
the ink in the upstream cavity 71 does not fall to the filter
61.

[0119] To realize a mechanism in which the bubbles
54 in the upstream cavity 71 do not pass through the filter
61 and are not discharged into the downstream cavity 70
during printing, the pressure loss caused by the lower
communication passage 66 needs to be properly adjust-
ed. In the present embodiment, the flow passage resist-
ance of the lower communication passage 66 and the
flow passage resistance of the upper communication
passage 65 are set so that the air-liquid interface (liquid
surface) of the ink in the upstream cavity 71 (first storage
chamber 63) does not contact the filter 61 when the ejec-
tion head 12 ejects ink onto the printing paper 20 in a
normal state.

[0120] The third embodiment described above in detail
has the advantages described below.

(7) Inthe intermediate reservoir 60, the lower second
communication port 66a is smaller than the upper
second communication port 65a. Thus, the bubbles
54 that enter the second storage chamber 64 through
the inlet 68a are restricted from entering the lower
communication passage 66 through the lower sec-
ond communication port 66a. Accordingly, the en-
trance of the bubbles 54 into the ejection head 12 is
restricted.

(8) Inthe intermediate reservoir 60, the lower second
communication port 66a opens toward the upper
side. Since the bubbles 54 in the ink easily float up-
ward, the entrance of the bubbles 54 from the lower
second communication port 66a into the lower com-
munication passage 66 can easily be restricted.
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(9) In the intermediate reservoir 60, the lower com-
munication passage 66 includes the upstream path
66¢c, which extends from the lower second commu-
nication port 66a at a lower position than the lower
second communication port 66a, and the down-
stream path 66d, which extends upward from the
downstream side of the upstream path 66¢. Thus,
even when the bubbles 54 enter the lower commu-
nication passage 66 from the lower second commu-
nication port 66a, the upstream path 66¢c extends
from the lower second communication port 66a at a
lower position than the lower second communication
port 66a. Thus, the buoyance of the bubbles 54 en-
tering the lower communication passage 66 returns
the bubbles 54 to the second storage chamber 64.
In addition, the lower communication passage 66 in-
cludes the upstream path 66¢ and the downstream
path 66d. Thus, a high flow passage resistance may
be set for the lower communication passage 66 with-
outincreasing the distance between the first storage
chamber 63 and the second storage chamber 64.
(10) In the intermediate reservoir 60, the lower sec-
ond communication port 66a is located upward from
the filter 61. Thus, even when the bubbles 54 enter
the lower communication passage 66 from the lower
second communication port 66a, the bubbles 54 in
the ink easily float upward. This restricts the passage
of the bubbles 54 through the filter 61 and into the
ejection head 12.

In the intermediate reservoir 60, the lower second
communication port 66a is located downward from
the inlet 68a and opens in a direction that differs from
the opening direction of the inlet 68a. This restricts
the entrance of the bubbles 54, which are suspended
in the ink and enter the second storage chamber 64
fromthe inlet 68a, into the lower communication pas-
sage 66 from the lower second communication port
66a.

(12) In the intermediate reservoir 60, the flow pas-
sage resistance of the lower communication pas-
sage 66 and the flow passage resistance of the upper
communication passage 65 are set so that the air-
liquid interface (liquid surface) of the first storage
chamber 63 does not contact the filter 61 when the
ejection head 12 ejects ink on the printing paper 20
to perform printing in a normal state. This limits de-
crease in the capacity for supplyingink to the ejection
head 12 during printing and restricts the passage of
bubbles 54 (air) through the filter 61 and into the
ejection head 12 during printing. Accordingly, the
printing quality is unaffected.

(13) In the intermediate reservoir 60, the pores 61a
of the filter 61 are configured so that the pressure
difference between the downstream cavity 70 and
the upstream cavity 71 produced by the flow of ink
in the intermediate reservoir 60 when the discharge
unit 18 performs the special discharge operation
breaks the meniscuses formed on the pores 61a of
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the filter 61. Thus, the special discharge operation
discharges the bubbles 54 remaining in the second
storage chamber 64 out of the upstream cavity 71
to the downstream cavity 70.

Fourth Embodiment

[0121] A fourth embodiment of the inkjet printer 1 will
now be described focusing on points that differ from the
third embodiment. Points that are the same as the third
embodiment will not be described. As shown in Fig. 24,
in the fourth embodiment, a pressure regulation valve
80, which regulates the pressure of ink, is arranged be-
tween the intermediate reservoir 60 of the third embod-
iment and the ejection head 12, and an ink cartridge 81
is employed in lieu of the ink tank 9 as one example of
the liquid supplying source, and the ink of the ink cartridge
81 is pressurized and supplied to the ejection head 12.
[0122] Asshownin Fig. 24, the inkjet printer 1 includes
a holder 82, to which the ink cartridge 81 serving as one
example of a liquid supplying source is attached in a re-
movable manner, and a supply passage 83, which serves
as a liquid supply passage that supplies ink from the ink
cartridge 81 to the ejection head 12. A supply pump 84
that moves the ink in a supply direction A, the interme-
diate reservoir 60 that is capable of storing ink, and the
pressure regulation valve 80 that regulates the pressure
of ink are arranged in the supply passage 83.

[0123] The supply passage 83 includes first to fourth
supply paths 85 to 88. More specifically, the first supply
path 85 connects the ink cartridge 81 and the supply
pump 84, the second supply path 86 connects the supply
pump 84 and the intermediate reservoir 60, the third sup-
ply path 87 connects the intermediate reservoir 60 and
the pressure regulation valve 80, and the fourth supply
path 88 connects the pressure regulation valve 80 and
the ejection head 12.

[0124] The supply pump 84 includes a diaphragm
pump 89 that has a pump chamber with a variable vol-
ume, a suction valve 90 located at an upstream side of
the diaphragm pump 89, and a discharge valve 91 locat-
ed at a downstream side of the diaphragm pump 89. The
suction valve 90 and the discharge valve 91 each function
as a one-way valve that allows ink to flow from the ink
cartridge 81 toward the ejection head 12 in a supplying
direction A and restricts the flow of ink from the ejection
head 12 toward the ink cartridge 81 in the reverse direc-
tion.

[0125] Accordingly, as the volume of the pump cham-
ber in the diaphragm pump 89 increases, the supply
pump 84 draws ink from the ink cartridge 81 through the
suction valve 90. As the volume of the pump chamber
decreases, the supply pump 84 discharges ink toward
the ejection head 12 through the discharge valve 91. The
ejection head 12, which is connected to the downstream
end of the supply passage 83, includes an in-head filter
92 that captures bubbles and foreign matter from the ink.
[0126] The pressure regulation valve 80 includes a
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supply chamber 93 supplied with ink from the third supply
path 87, a pressure chamber 95 that is in communication
with the supply chamber 93 through a communication
hole 94, a valve member 96 arranged between the pres-
sure chamber 95 and the supply chamber 93, and an
urging member 97 that urges the valve member 96 in a
valve-closing direction. The valve member 96 is inserted
through the communication hole 94 and urged by the
urging member 97 to close the communication hole 94.
The pressure regulation valve 80 forms part of the liquid
supply passage.

[0127] The wall surface of the pressure chamber 95
includes a portion formed by a diaphragm 98 that is de-
formable in the urging direction of the urging member 97.
The outer surface of the diaphragm 98 (left surface as
viewed in Fig. 24) receives the atmospheric pressure,
and the inner surface of the diaphragm 98 (right surface
as viewed in Fig. 24) receives the pressure of the ink in
the pressure chamber 95. Accordingly, the diaphragm
98 deforms and moves in accordance with the difference
between the pressure of the pressure chamber 95 and
the pressure received by the outer surface of the dia-
phragm 98.

[0128] The supply chamber 93 is held in a pressurized
state by the pressurized ink sent from the ink cartridge
81. When the ink ejected from the nozzle 12a of the ejec-
tion head 12 increases the negative pressure of the pres-
sure chamber 95 and the difference between the pres-
sure of the pressure chamber 95 and the pressure re-
ceived by the outer surface of the diaphragm 98 becomes
greater than a predetermined value (e.g., 1000 Pa), the
valve member 96 is urged in the valve-opening direction
against the urging force of the urging member 97. In this
state, the pressure chamber 95 is in communication with
the supply chamber 93.

[0129] When the difference between the pressure of
the pressure chamber 95 and the pressure received by
the outer surface of the diaphragm 98 becomes equal to
the predetermined value, the urging member 97 urges
the valve member 96 in a valve-opening direction. In this
state, the pressure chamber 95 and the supply chamber
93 are notin communication with each other. In this man-
ner, the pressure regulation valve 80 regulates the pres-
sure of the ejection head 12 thatacts as the back pressure
of the nozzles 12a. This regulates the pressure of the ink
supplied from the ink cartridge 81 to the ejection head
12 through the supply passage 83.

[0130] In the same manner as the third embodiment,
the fourth embodiment includes the discharge unit 18.
The discharge unit 18 performs a special discharge op-
erationto discharge the residual bubbles 54 in the second
storage chamber 64 of the intermediate reservoir 60 from
the upstream cavity 71 to the downstream cavity 70.
[0131] Further, the fourthembodimentincludes avalve
opening mechanism that forcibly opens the valve mem-
ber 96 of the pressure regulation valve 80. The forcible
opening of the valve member 96 allows the ink pressu-
rized by the supply pump 84 to be discharged from the
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nozzles 12a of the ejection head 12 and perform pres-
surized cleaning. The pressurized cleaning may use the
pressure difference between the downstream cavity 70
and the upstream cavity 71 when ink flows in the inter-
mediate reservoir 60 to discharge residual bubbles 54 in
the second storage chamber 64 of the intermediate res-
ervoir 60 from the upstream cavity 71 to the downstream
cavity 70 in the same manner as the special discharge
operation performed by the discharge unit 18 in the third
embodiment.

[0132] Additionally, the ink suction performed by the
discharge unit 18 and the pressurized cleaning per-
formed by the supply pump 84 may both be included in
a discharge operation to discharge the residual bubbles
54 in the second storage chamber 64 of the intermediate
reservoir 60 from the upstream cavity 71 to the down-
stream cavity 70 in the same manner as the special dis-
charge operation performed by the discharge unit 18.
[0133] Thefourth embodiment has the advantages de-
scribed below.

(14) The inkjet printer 1 includes the pressure regu-
lation valve 80 that regulates the pressure of ink be-
tween the intermediate reservoir 60 and the ejection
head 12. The supply pump 84 pressurizes and sup-
plies the ink of the ink cartridge 81 to the ejection
head 12.

(15) The valve opening mechanism forcibly opens
the valve member 96 of the pressure regulation valve
80. This allows pressurized cleaning to be performed
in which the ink pressurized by the supply pump 84
to discharge the pressurized ink from to the nozzles
12a of the ejection head 12 in a state in which the
valve member 96 is forcibly opened. By performing
the pressurized cleaning, the pressure difference be-
tween the downstream cavity 70 and the upstream
cavity 71 when ink flows through the intermediate
reservoir 60 may be used to discharge the residual
bubbles 54 in the second storage chamber 64 of the
intermediate reservoir 60 from the upstream cavity
71 to the downstream cavity 70 in the same manner
as the special discharge operation performed by the
discharge unit 18 of the third embodiment.

Modified Examples

[0134] The above embodiments may be modified as
described below.

[0135] As shown in Fig. 25, in the fourth embodiment,
an ink container 100 may be used in lieu of the ink car-
tridge 81 as one example of the liquid supply source. In
this case, the ink container 100 includes an ink inlet 101,
and the ink container 100 may be filled with ink through
the ink inlet 101. After filling the ink container 100 with
ink, the ink inlet 101 is closed by a cap (not shown).
[0136] As shown in Fig. 26, in the fourth embodiment,
an ink supply tube 102 may connect the ink cartridge 81
to a large-capacity tank 103 to supply the ink cartridge
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81 with ink from the large-capacity tank 103 through the
ink supply tube 102. In this case, the ink cartridge 81
functions as a sub-tank that temporarily stores the ink.
In this case, the large-capacity tank 103 includes an ink
inlet 104 and can be filled with ink through the ink inlet
104. After filling the large-capacity tank 103 with ink, the
ink inlet 104 is closed by a cap (not shown). In this case,
as shown in Figs. 24 and 26, the large-capacity tank 103
is arranged so that its lower surface 103a is located at a
higher position than a nozzle plane 12b, which is the
plane of the ejection head 12 where the nozzles 12a
open. In this manner, the hydraulic head difference sup-
plies ink from the large-capacity tank 103 to the ejection
head 12.

[0137] In the fourth embodiment, the supply pump 84
may be changed to a tube pump.

[0138] In the third embodiment, the suction force that
draws ink from the nozzles 12a with the discharge unit
18 when a special discharge operation (long-time clean-
ing) is performed may be stronger than that when a dis-
charge operation (normal cleaning) is performed. That
is, in the special discharge operation, the suction amount
of ink per unit time may be greater than that of the dis-
charge operation.

[0139] In the third embodiment, the filter 61 may have
a shape that is circular, oval, rectangular, or triangular.
In this case, it is preferred that the shape of the recess
74 be in correspondence with the shape of the filter 61.
[0140] In the third embodiment, the wall surface of the
second storage chamber 64 in the intermediate reservoir
60 may be formed by a flexible member such as a film,
and the flexible member may be deformed in a direction
that decreases the volume of the second storage cham-
ber 64 when the pressure of the second storage chamber
64 becomes negative. This flattens bubbles in the second
storage chamber 64 when the pressure of the second
storage chamber 64 becomes negative and allows the
bubbles to easily move downward. In this case, the area
of the flexible member can be increased and the depth
of the second storage chamber 64 may be decreased so
that the flexible member further easily presses and
squeezes the bubbles.

[0141] In the first to third embodiments, the discharge
unit 18 may be configured by a pressurizing mechanism
(e.g., pressurizing pump) that pressurizes the ink in the
liquid supply passage and allows the ink to be discharged
from the nozzles 12a. Alternatively, the pressurizing
mechanism and a suction mechanism (cap 14, suction
tube 15, and suction pump 16), which allows ink to be
drawn from the nozzles 12a and discharged, may both
be used to configure the discharge unit 18.

[0142] In the third embodiment, the pores 61a of the
filter 61 do not necessarily have to be configured to break
the meniscuses of ink formed at the pores 61a by the
pressure difference produced between the downstream
cavity 70 and the upstream cavity 71 when ink flows in
the intermediate reservoir 60 during the special dis-
charge operation performed by the discharge unit 18.
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[0143] In the third embodiment, the flow passage re-
sistance of the lower communication passage 66 and the
flow passage resistance of the upper communication
passage 65 do not necessarily have to be set so that the
air-liquid interface (liquid surface) of inkin the first storage
chamber 63 does not contact the filter 61 when the ejec-
tion head 12 ejects ink onto the printing paper 20 and
performs printing in a normal state.

[0144] Inthe third embodiment, the lower second com-
munication port 66a does not necessarily have to be lo-
cated below the inlet 68a. Further, the lower second com-
munication port 66a does not necessarily have to open
in a direction that differs from the opening direction of the
inlet 68a. That is, the lower second communication port
66a may be located, for example, upward from the inlet
68a and open in the same direction as the opening di-
rection of the inlet 68a.

[0145] Inthe third embodiment, the lower second com-
munication port 66a does not necessarily have to be lo-
cated upward from the filter 61. That is, the lower second
communication port 66a may be located, for example,
downward from the filter 61.

[0146] In the third embodiment, the lower communica-
tion passage 66 does not necessarily have to include the
upstream path 66¢, which extends from the lower second
communication port66a at alower position than the lower
second communication port 66a, and the downstream
path 66d, which extends upward from the downstream
side of the upstream path 66c. That is, the lower com-
munication passage 66 extends, for example, straight as
a whole.

[0147] Inthe third embodiment, the lower second com-
munication port 66a does not necessarily have to open
upward. That is, the lower second communication port
66a may, forexample, open downward or open sideward.

[0148] In the third embodiment, the filter 61 may be
omitted.
[0149] In each of the above embodiments, the inkjet

printer 1 may be of a line head type that includes an
elongated and fixed liquid droplet ejector corresponding
to the entire width of the printing paper 20. In such a case,
the liquid droplet ejector may have a printing range that
extends over the entire width of the printing paper 20 by
arranging units of heads, which include nozzles, in par-
allel. Alternatively, the liquid droplet ejector may have a
printing range that extends over the entire width of the
printing paper 20 by arranging multiple nozzlesin a single
elongated head over the entire width of the printing paper
20.

[0150] In each of the above embodiments, the liquid
ejection device may be a liquid ejection device that dis-
charges liquid other than ink. The fine amount of liquid
ejected from the liquid ejection device as a liquid droplet
may be in a state that is particulate, tear-like, or shaped
in a tailed manner. The liquid referred to here may be
any material that can be ejected from the liquid ejection
device. For example, the liquid may be a substance that
isin a liquid phase state. Thus, the liquid may be a fluidal
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body such as a liquid body having low or high viscosity,
a sol, gel water, other inorganic solvents, an organic sol-
vent, aliquid solution, a liquefied resin, or a liquefied met-
al (metal melt). Further, the liquid is just not one state of
a substance and includes a liquid in which the particles
of a functional material formed by a solid such as pig-
ments or metal particles is dissolved, dispersed, or
mixed. Representative examples of liquid ink, such as
that described in the above embodiments, liquid crystal
and the like. Ink includes typical water-based ink and oil-
based ink and various liquid compositions such as gel
ink and hot melt ink. Specific examples of a liquid ejection
device includes a liquid ejection device that ejects liquid
in which material such as electrode material or coloring
material is dispersed or dissolved. Such material is used
to manufacture a liquid crystal display, an electrolumi-
nescence (EL) display, a planar light emission display, a
color filter, and the like. Further, the liquid ejection device
may eject a bioorganic substance used to manufacture
biochips or a liquid that forms samples used as precision
pipettes. The liquid ejection device may be a textile print-
ing device, a micro-dispenser, or the like. The liquid ejec-
tion device may eject lubrication oil in a pinpoint manner
onto a precision machine such as a clock or a camera or
eject a transparent resin liquid such as an ultraviolet cur-
ing resin to form a micro-semispherical lens (optical lens)
used in an optical communication element or the like.
Further, the liquid ejection device may eject an acid or
alkali etching liquid to etch a substrate or the like.

Claims
1. Aliquid ejection device comprising:

an ejection head that ejects liquid from a nozzle
onto a medium;

a liquid supply passage that supplies the ejec-
tion head with the liquid that is held in a liquid
supply source; and

an intermediate reservoir arranged in the liquid
supply passage and capable of storing the liquid,
wherein the intermediate reservoir includes

a first storage chamber capable of storing
the liquid,

a second storage chamber capable of stor-
ing the liquid and located at an upstream
side of the first storage chamber,

an upper communication passage that con-
nects the first storage chamber and the sec-
ond storage chamber, and

a lower communication passage that con-
nects the first storage chamber and the sec-
ond storage chamber at a location lower
than the upper communication passage,
wherein the lower communication passage
includes a lower communication port that
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opens in the second storage chamber, the
upper communication passage includes an
upper communication port that opens in the
second storage chamber, and the lower
communication port is smaller than the up-
per communication port.

The liquid ejection device according to claim 1,
wherein the lower communication port opens up-
ward.

The liquid ejection device according to claim 1 or 2,
wherein the lower communication passage includes
an upstream path that extends from the lower com-
munication port to a location lower than the lower
communication port and a downstream path that ex-
tends upward from a downstream side of the up-
stream path.

The liquid ejection device according to any one of
claims 1 to 3, further comprising a filter arranged in
the first storage chamber, wherein the filter partitions
the first storage chamber into a downstream cavity
that is connected to the ejection head and an up-
stream cavity thatis connected to the second storage
chamber, and the filter includes a pore that allows
for the passage of the liquid,

wherein the lower communication portis located up-
ward from the filter.

The liquid ejection device according to any one of
claims 1 to 4, wherein

theliquid supply passage includes aninletthatopens
in the second storage chamber, and the liquid sup-
plied from the liquid supply source enters the second
storage chamber through the inlet; and

the lower communication port is located downward
from the inlet and opens in a direction that differs
from an opening direction of the inlet.

The liquid ejection device according to claim 4,
wherein:

the upper communication port is an upper sec-
ond communication port, and the upper commu-
nication passage further includes an upper first
communication port that opens in the first stor-
age chamber;

the lower communication port is a lower second
communication port, and the lower communica-
tion passage further includes a lower first com-
munication port that opens in the first storage
chamber;

the lower communication passage has a flow
passage resistance and the upper communica-
tion passage has a flow passage resistance that
are set so that when the liquid is ejected onto
the medium from the ejection head in a normal
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state in which a liquid surface of the liquid in the
intermediate reservoir is located upward from
the lower first communication port and the lower
second communication port and downward from
the upper first communication port and the upper
second communication port, the liquid surface
of the first storage chamber does not contact the
filter.

The liquid ejection device according to claim 6, fur-
ther comprising a discharge unit configured to per-
form a discharge operation that discharges the liquid
from the nozzle, wherein

the discharge unit is configured to perform a special
discharge operation in which the liquid surface of the
first storage chamber comes into contact with the
filter by discharging the liquid from the nozzle in the
normal state, and

the pore of the filter is configured so that a pressure
difference between the downstream cavity and the
upstream cavity produced as the liquid flows through
the liquid supply passage when the special dis-
charge operation is performed breaks a meniscus of
the liquid formed at the pore of the filter.

An intermediate reservoir capable of storing liquid
and arranged in a liquid supply passage that supplies
the liquid held in a liquid supply source to an ejection
head that ejects the liquid from a nozzle onto a me-
dium, the intermediate reservoir comprising:

a first storage chamber capable of storing the
liquid;

a second storage chamber capable of storing
the liquid and located at an upstream side of the
first storage chamber;

an upper communication passage that connects
the first storage chamber and the second stor-
age chamber; and

a lower communication passage that connects
the first storage chamber and the second stor-
age chamber at a location lower than the upper
communication passage;

wherein the lower communication passage in-
cludes a lower communication port that opens
in the second storage chamber, the upper com-
munication passage includes an upper commu-
nication port that is in communication with the
second storage chamber, and the lower com-
munication port is smaller than the upper com-
munication port.

9. Aliquid ejection device comprising:

an ejection head that ejects liquid;

a liquid supply passage that supplies the ejec-
tion head with the liquid from a liquid holder that
holds the liquid; and
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10.

1.

12.

13.

34

a filter unit located in the liquid supply passage
and including a filtering member that removes
foreign matter from the liquid, wherein

the filter unit includes a filter chamber that ac-
commodates the filtering member and an ink
storage chamber that stores the liquid,

the filter chamber includes an upstream filter
chamber and a downstream filter chamber that
are partitioned by the filtering member,

the ink storage chamber and the upstream filter
chamber are in communication through a first
communication pipe, a second communication
pipe, and an airflow pipe,

the first communication pipe is located down-
ward in a gravitational direction from the second
communication pipe and the airflow pipe, and
the first communication pipe is configured so
that pressure loss caused by the first communi-
cation pipe produces a hydraulic head differ-
ence between the ink storage chamber and the
upstream filter chamber that is greater than or
equal to a length of the upstream filter chamber
in the gravitational direction.

The liquid ejection device according to claim 9,
wherein

the second communication pipe is shaped to project
upward in the gravitational direction, and

the second communication pipe includes an upper-
most portion that is located downward in the gravi-
tational direction from the uppermost portion of the
ink storage chamber.

The liquid ejection device according to claim 9, an
upper surface of the ink storage chamber is located
upward in the gravitational direction from an upper
surface of the upstream filter chamber.

The liquid ejection device according to claim 9,
wherein the first communication pipe has a larger
flow passage resistance than the second communi-
cation pipe.

The liquid ejection device according to claim 9,
wherein the airflow pipe is coupled to the ink storage
chamber at a position located upward in the gravita-
tional direction from where the second communica-
tion pipe is coupled to the ink storage chamber.
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