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(54) IMAGE FORMING APPARATUS AND IMAGE FORMING SYSTEM

(57) In an image forming apparatus, a cartridge in-
cludes: a first storage chamber; and a supply portion. A
cartridge attachment portion includes: a connecting por-
tion; and a second storage chamber. The connecting por-
tion is disposed at a first height and connectable to the
supply portion. A detecting portion is configured to detect
one of a level of a liquid stored in the first storage chamber
and at a position adjacent to the supply portion and a
level of the liquid stored in the second storage chamber

and at a position adjacent to the connecting portion. The
first storage chamber has a first cross-sectional area tak-
en along a horizontal plane at a predetermined height
between the first height and a second height above the
first height. The second storage chamber has a second
cross-sectional area taken along the horizontal plane.
The second cross-sectional area is greater than the first
cross-sectional area.
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Description

[0001] The present disclosure relates to an image
forming apparatus including a cartridge having a first stor-
age chamber, and a cartridge attachment portion having
a second storage chamber.
[0002] Japanese Patent Application Publication No.
2008-238792 discloses a liquid ejecting device including
a device body, and an ink cartridge. The device body
includes a liquid ejection head and a subordinate tank.
The ink cartridge has a liquid storage chamber and is
adapted to be attached to and detached from the device
body. The liquid storage chamber of the ink cartridge is
provided with a sensor arm pivotally moved if the liquid
level of the ink stored in the liquid storage chamber be-
comes equal to or lower than a predetermined level. The
device body is provided with a sensor for detecting re-
sidual amount of ink. The sensor generates detection
signals different from each other dependent on pivot po-
sition of the sensor arm. A controller of the liquid ejecting
device determines residual amount of ink remaining in
the liquid storage chamber of the ink cartridge on the
basis of the detection signal outputted from the sensor.
Further, annunciation is made to notify the user of the
replacement of the ink cartridge with a new ink cartridge
if the ink in the liquid storage chamber of the ink cartridge
is consumed and the controller determines that the re-
sidual amount of ink is equal to or lower than the prede-
termined amount.
[0003] Ink in the liquid storage chamber of the ink car-
tridge flows into the subordinate tank in response to the
outflow of the ink from the subordinate tank. The liquid
level of the ink in the subordinate tank is eventually equal
to the liquid level of the ink in the liquid storage chamber
of the ink cartridge, in case where the subordinate tank
and the liquid storage chamber are open to an atmos-
phere. Here, ink flow-out amount from the subordinate
tank may be equal to ink flow-out amount from the liquid
storage chamber in accordance with the ink ejection at
the recording head, assuming that the passage resist-
ance is ignored. However, the lowering speed of the liquid
level of the ink in the subordinate tank is different from
the lowering speed of the liquid level of the ink in the
liquid storage chamber due to difference in shape be-
tween the subordinate tank and the liquid storage cham-
ber. Thus, the liquid level of the ink in the subordinate
tank becomes different from the liquid level of the ink in
the liquid storage chamber.
[0004] For example, assuming that the controller
counts the number of ink droplet ejected from the record-
ing head to compute consumed amount of ink, after the
controller determines that the residual amount of ink is
equal to or lower than the predetermined amount on the
basis of the detection signal outputted from the sensor
for detecting residual amount of ink. The ink amount ac-
tually remaining in the subordinate tank and the liquid
storage chamber is regarded as a quantity determination
reference value of the ink, immediately after the controller

determines that the residual amount of ink is equal to or
lower than the predetermined amount in a situation where
the liquid level of the ink in the subordinate tank is equal
to the liquid level of the ink in the liquid storage chamber
of the ink cartridge. Thus, the ink amount actually remain-
ing in the subordinate tank and the liquid storage cham-
ber is different from the quantity determination reference
value of the ink, immediately after the controller deter-
mines that the residual amount of ink is equal to or lower
than the predetermined amount in a situation where the
liquid level of the ink in the subordinate tank is different
from the liquid level of the ink in the liquid storage cham-
ber of the ink cartridge.
[0005] As a result, the ink in the subordinate tank and
the liquid storage chamber runs out and air may be en-
tered into the recording head before the controller alerts
the necessity of exchanging the ink cartridge, if the re-
sidual amount of the ink is smaller than the quantity de-
termination reference value. Reversely, the controller
alerts the necessity of exchanging the ink cartridge irre-
spective of the fact that the usable amount of ink still
remains in the subordinate tank or the liquid storage
chamber, if the residual amount of the ink is greater than
the quantity determination reference value.
[0006] In view of the foregoing, it is an object of the
disclosure to provide an image forming apparatus includ-
ing a cartridge having a first storage chamber, a cartridge
attachment portion having a second storage chamber,
and a detecting portion for detecting residual amount of
ink, the apparatus being capable of restraining air entry
into a recording portion from the second storage chamber
and performing precise detection of residual amount of
ink.

(1) In order to attain the above and other objects, the
present disclosure provides an image forming appa-
ratus that includes: a cartridge; a cartridge attach-
ment portion; a detecting portion; and a recording
portion. The cartridge includes: a first storage cham-
ber; a first air communication portion; and a supply
portion. The first storage chamber is configured to
store a liquid. The first air communication portion al-
lows the first storage chamber to be communicated
with an atmosphere. The supply portion is configured
to supply the liquid stored in the first storage cham-
ber. The cartridge attachment portion includes: a
connecting portion; a liquid flow-in port; a second
storage chamber; a second air communication por-
tion; and a liquid flow-out port. The connecting por-
tion is disposed at a first height and connectable to
the supply portion. The liquid flow-in port allows the
liquid stored in the first storage chamber and flowing
through the connecting portion connected to the sup-
ply portion to pass through the liquid flow-in port. The
second storage chamber is configured to store the
liquid passed through the liquid flow-in port. The sec-
ond air communication portion allows the second
storage chamber to be communicated with the at-
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mosphere. The liquid flow-out port is disposed at a
position below the liquid flow-in port and allows the
liquid stored in the second storage chamber to flow
out of the second storage chamber. The detecting
portion is configured to detect one of a level of the
liquid stored in the first storage chamber and at a
position adjacent to the supply portion and a level of
the liquid stored in the second storage chamber and
at a position adjacent to the connecting portion. The
recording portion includes a nozzle. The liquid flowed
out of the second storage chamber through the liquid
flow-out port is ejected through the nozzle. The first
storage chamber has a first cross-sectional area tak-
en along a horizontal plane at a predetermined
height between the first height and a second height
above the first height. The second storage chamber
has a second cross-sectional area taken along the
horizontal plane. The second cross-sectional area
is greater than the first cross-sectional area.
According to the above-described configuration,
when the liquid is supplied to the recording portion
through the liquid flow-out port and the same flow-
out amount of liquid is flowed out of the first storage
chamber and the second storage chamber, the first
cross-sectional area is smaller than the second
cross-sectional area at the height between the first
height at which the supply portion is disposed and
the second height higher than the first height in the
first storage chamber. Therefore, the lowering speed
of the level of the liquid stored in the first storage
chamber is faster than the lowering speed of the level
of the liquid stored in the second storage chamber.
Accordingly, with the configuration in which, for ex-
ample, the detecting portion detects that the level of
the liquid in the first storage chamber is at a position
adjacent to the supply portion, the liquid remains in
the second storage chamber when the detecting por-
tion detects the level of the liquid. Thus, it can be
suppressed that the second storage chamber runs
out of the liquid before the detecting portion detects
the level of the liquid, and entry of the air via the liquid
flow-out port into the recording portion can be also
suppressed. Further, with the configuration in which
the detecting portion detects that the level of the liq-
uid in the second storage chamber is at a position
adjacent to the connecting portion, the level of the
liquid in the second storage chamber falls faster than
that in the first storage chamber, and the detecting
portion does not detect the level of the liquid. Thus,
precise detection of residual amount of liquid can be
performed.
(2) Preferably, the second storage chamber includes
a first portion, and a second portion. The second
portion is positioned above the first portion and has
a cross-sectional area smaller than that of the first
portion. The second height is a boundary between
the first portion and the second portion.
(3) Preferably, the first cross-sectional area taken

along the horizontal plane at the first height is smaller
than the first cross-sectional area taken along the
horizontal plane at the second height.
(4) Preferably, the image forming apparatus further
includes a controller. The detecting portion is con-
figured to output a detection signal as a result of de-
tection of the level of the liquid stored in the second
storage chamber being at a position adjacent to the
connecting portion. The controller is configured to:
determine non-existence of the liquid in the first stor-
age chamber according to the detection signal out-
putted from the detecting portion; and notify a user
of a replacement of the cartridge with a new car-
tridge.
According to the above-described configuration, the
controller can notify the user of the replacement of
the cartridge with a new cartridge if the first storage
chamber of the cartridge starts running out of the
liquid.
(5) Preferably, the first storage chamber has a third
cross-sectional area taken along a specific horizon-
tal plane at a height above the second height. The
second storage chamber has a fourth cross-section-
al area taken along the specific horizontal plane. The
third cross-sectional area is greater than the fourth
cross-sectional area.
According to the above-described configuration, the
internal volume of the first storage chamber of the
cartridge can be enlarged.
(6) Preferably, the fourth cross-sectional area is
smaller than the second cross-sectional area.
According to the above-described configuration, the
internal volume of the second storage chamber can
be downsized. As a result, space saving of the sec-
ond storage chamber is attained, and the internal
volume of the first storage chamber of the cartridge
can be enlarged without enlarging the size of the
apparatus.
(7) Preferably, the first storage chamber has an in-
ternal volume greater than that of the second storage
chamber.
(8) Preferably, the cartridge is inserted into the car-
tridge attachment portion in an inserting direction
parallel to a horizontal direction and extracted from
the cartridge attachment portion in an extracting di-
rection parallel to the horizontal direction and oppo-
site to the inserting direction. The supply portion in-
cludes a cylinder portion. The cylinder portion ex-
tends in the inserting direction and has a first end
that is open. The first end faces in the inserting di-
rection. The connecting portion includes a needle.
The needle extends in the extracting direction and
has a second end that is open. The second end fac-
ing in the extracting direction. The connecting portion
is connected to the supply portion by inserting the
second end of the needle into the first end of the
cylinder portion.
(9) Preferably, the needle has an axis parallel to the
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horizontal direction. A center of the axis is disposed
at the first height.
(10) According to another aspect, the present dis-
closure provides an image forming system that in-
cludes: a cartridge; and an image forming apparatus.
The cartridge includes a first storage chamber; a first
air communication portion; and a supply portion. The
first storage chamber is configured to store a liquid.
The first air communication portion allows the first
storage chamber to be communicated with an at-
mosphere. The supply portion is configured to supply
the liquid stored in the first storage chamber. The
image forming apparatus includes: a cartridge at-
tachment portion; a detecting portion; and a record-
ing portion. The cartridge attachment portion in-
cludes: a connecting portion; a liquid flow-in port; a
second storage chamber; a second air communica-
tion portion; and a liquid flow-out port. The connect-
ing portion is disposed at a first height and connect-
able to the supply portion. The liquid flow-in port al-
lows the liquid stored in the first storage chamber
and flowing through the connecting portion connect-
ed to the supply portion to pass through the liquid
flow-in port. The second storage chamber is config-
ured to store the liquid passed through the liquid flow-
in port. The second air communication portion allows
the second storage chamber to be communicated
with the atmosphere. The liquid flow-out port is dis-
posed at a position below the liquid flow-in port and
allows the liquid stored in the second storage cham-
ber to flow out of the second storage chamber. The
detecting portion is configured to detect one of a level
of the liquid stored in the first storage chamber and
at a position adjacent to the supply portion and a
level of the liquid stored in the second storage cham-
ber and at a position adjacent to the connecting por-
tion. The recording portion includes a nozzle. The
liquid flowed out of the second storage chamber
through the liquid flow-out port is ejected through the
nozzle, The first storage chamber has a first cross-
sectional area taken along a horizontal plane at a
height between the first height and a second height
above the first height. The second storage chamber
has a second cross-sectional area taken along the
horizontal plane. The second cross-sectional area
is greater than the first cross-sectional area.
(11) According to still another aspect, the present
disclosure provides an image forming apparatus that
includes: a cartridge; a cartridge attachment portion;
a detecting portion; and a recording portion. The car-
tridge includes: a first storage chamber; a first air
communication portion; and a supply portion. The
first storage chamber is configured to store a liquid.
The first air communication portion allows the first
storage chamber to be communicated with an at-
mosphere. The supply portion is configured to supply
the liquid stored in the first storage chamber. The
cartridge attachment portion includes: a connecting

portion; and a tank. The connecting portion is con-
nectable to the supply portion. The tank includes: a
liquid flow-in port; a second storage chamber; a sec-
ond air communication portion; and a liquid flow-out
port. The liquid flow-in port allows the liquid stored
in the first storage chamber and flowing through the
connecting portion connected to the supply portion
to pass through the liquid flow-in port. The second
storage chamber is configured to store the liquid
passed through the liquid flow-in port. The second
air communication portion allows the second storage
chamber to be communicated with the atmosphere.
The liquid flow-out port is disposed at a position be-
low the liquid flow-in port and allows the liquid stored
in the second storage chamber to flow out of the
second storage chamber. The detecting portion is
configured to detect one of a level of the liquid stored
in the first storage chamber and at a first height ad-
jacent to the supply portion and a level of the liquid
stored in the second storage chamber and at the first
height adjacent to the connecting portion. The re-
cording portion includes a nozzle. The liquid flowed
out of the second storage chamber through the liquid
flow-out port is ejected through the nozzle. The first
storage chamber has a first cross-sectional area tak-
en along a horizontal plane at a height between the
first height and a second height above the first height.
The second storage chamber has a second cross-
sectional area taken along the horizontal plane. The
second cross-sectional area is greater than the first
cross-sectional area.
(12) According to still another aspect, the present
disclosure provides an image forming system that
includes: a cartridge; and an image forming appara-
tus. The cartridge includes: a first storage chamber;
a first air communication portion; and a supply por-
tion. The first storage chamber is configured to store
a liquid. The first air communication portion allows
the first storage chamber to be communicated with
an atmosphere. The supply portion is configured to
supply the liquid stored in the first storage chamber.
The image forming apparatus includes: a cartridge
attachment portion; a detecting portion; and a re-
cording portion. The cartridge attachment portion in-
cludes: a connecting portion; and a tank. The con-
necting portion is connectable to the supply portion.
The tank includes a liquid flow-in port; the second
storage chamber; the second air communication
portion; and a liquid flow-out port. The liquid flow-in
port allows the liquid stored in the first storage cham-
ber and flowing through the connecting portion con-
nected to the supply portion to pass through the liquid
flow-in port. The second storage chamber is config-
ured to store the liquid passed through the liquid flow-
in port. The second air communication portion allows
the second storage chamber to be communicated
with the atmosphere. The liquid flow-out port is dis-
posed at a position below the liquid flow-in port and
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allows the liquid stored in the second storage cham-
ber to flow out of the second storage chamber. The
detecting portion is configured to detect one of a level
of the liquid stored in the first storage chamber and
at a first height adjacent to the supply portion and a
level of the liquid stored in the second storage cham-
ber and at the first height adjacent to the connecting
portion. The recording portion includes a nozzle. The
liquid flowed out of the second storage chamber
through the liquid flow-out port is ejected through the
nozzle, The first storage chamber has a first cross-
sectional area taken along a horizontal plane at a
height between the first height and a second height
above the first height. The second storage chamber
has a second cross-sectional area taken along the
horizontal plane. The second cross-sectional area
is greater than the first cross-sectional area.

[0007] The particular features and advantages of the
disclosure as well as other objects will become apparent
from the following description taken in connection with
the accompanying drawings, in which:

Fig. 1A is a perspective view of a multifunction pe-
ripheral as an example of an image forming appara-
tus according to one embodiment, and illustrating a
closed position of a cover;
Fig. 1B is a perspective view of the multifunction pe-
ripheral as the example of the image forming appa-
ratus according to the embodiment, and illustrating
an open position of the cover;
Fig. 2 is a vertical cross-sectional view schematically
illustrating an internal configuration of a printer por-
tion provided in the multifunction peripheral accord-
ing to the embodiment;
Fig. 3 is a plan view illustrating a positional relation-
ship between a carriage and a platen provided in the
multifunction peripheral according to the embodi-
ment;
Fig. 4 is a perspective view of a cartridge attachment
portion as viewed toward an opening of the cartridge
attachment portion in the multifunction peripheral ac-
cording to the embodiment;
Fig. 5 is a perspective view of the cartridge attach-
ment portion as viewed toward a tank of the cartridge
attachment portion in the multifunction peripheral ac-
cording to the embodiment;
Fig. 6 is a vertical cross-sectional view of the car-
tridge attachment portion to which an ink cartridge
is attached in the multifunction device according to
the embodiment;
Fig. 7 is a perspective view of the ink cartridge as
viewed from a rear side of the ink cartridge in the
multifunction peripheral according to the embodi-
ment;
Fig. 8 is a block diagram illustrating a structure of a
control portion in the multifunction peripheral accord-
ing to the embodiment;

Fig. 9A is a pattern diagram illustrating a first cross-
sectional area and a second cross-sectional area
taken along a horizontal plane at a position P1 illus-
trated in Fig. 6;
Fig. 9B is a pattern diagram illustrating a first cross-
sectional area and a second cross-sectional area
taken along a horizontal plane at a position P2 illus-
trated in Fig. 6; and
Fig. 9C is a pattern diagram illustrating a third cross-
sectional area and a fourth cross-sectional area tak-
en along a horizontal plane at a position P3 illustrated
in Fig. 6.

[0008] Hereinafter, one embodiment of the disclosure
will be described in detail while referring to the accom-
panying drawings wherein like parts and components are
designated by the same reference numerals to avoid du-
plicating description. While the description will be made
in detail with reference to specific embodiment, it would
be apparent those skilled in the art that the embodiment
described below is merely an example of the present
disclosure and various changes and modifications may
be made thereto without departing from the scope of the
disclosure.
[0009] In the following description, an up-down direc-
tion 7 is defined with reference to the posture (posture
illustrated in Fig. 1A, which is referred to as "usage pos-
ture") of a multifunction peripheral 10 according to the
embodiment disposed on a horizontal plane in a usable
state. A front-rear direction 8 is defined assuming a sur-
face formed with an opening 13 as a front surface of the
multifunction peripheral 10. A left-right direction 9 is a
direction between the left and the right when a user views
the multifunction peripheral 10 from its front side. In the
present embodiment, the up-down direction 7 is parallel
to the vertical direction and the front-rear direction 8 and
the left-right direction 9 are parallel to the horizontal di-
rection in a state where the multifunction peripheral 10
is in the usage posture. Further, the front-rear direction
8 is perpendicular to the left-right direction 9.

[Overall Configuration of Multifunction Peripheral 10]

[0010] As illustrated in Figs. 1A and 1B, the multifunc-
tion peripheral 10 (an example of an image forming ap-
paratus) has a substantially rectangular parallelepiped
shape. The multifunction peripheral 10 has a printer por-
tion 11 at its lower portion. The printer portion 11 has a
casing 14 including a front surface 14A formed with an
opening 13. The printer portion 11 is configured to form
an image on a sheet 12 (see Fig. 2) by an inkjet recording
system.
[0011] The multifunction peripheral 10 also has a feed-
ing roller 23, a feeding tray 15, a discharging tray 16, a
pair of conveying rollers 25, a recording portion 24, a pair
of discharging rollers 27, a platen 26, and a cartridge
attachment portion 110. As illustrated in Figs. 1B and 2,
these components are arranged in the casing 14. The
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multifunction peripheral 10 has various functions such
as a facsimile function and a print function. As described
above, the state illustrated in Fig. 1A is the usage posture
of the multifunction peripheral 10.

[Feeding tray 15, Discharging Tray 16, and Feeding Roll-
er 23]

[0012] As illustrated in Figs. 1A and 1B, the feeding
tray 15 can be inserted into and extracted from the casing
14 by a user in the front-rear direction 8 through the open-
ing 13. The opening 13 is positioned at a center portion
of the front surface 14A of the casing 14 in the left-right
direction 9. As illustrated in Fig. 2, the feeding tray 15
can support a plurality of stacked sheets 12.
[0013] The discharging tray 16 is disposed above the
feeding tray 15. The discharging tray 16 supports the
sheet 12 discharged from between the recording portion
24 and the platen 26 by the discharging rollers 27.
[0014] The feeding roller 23 feeds the sheet 12 sup-
ported by the feeding tray 15 onto a conveyance path
17. The feeding roller 23 is driven by a feeding motor 172
(see Fig. 8).

[Conveyance Path 17]

[0015] As illustrated in Fig. 2, the conveyance path 17
is a space partially defined by an outer guide member 18
and an inner guide member 19 opposing each other at
a predetermined interval inside the printer portion. The
conveyance path 17 extends upward from the rear end
portion of the feed tray 15 while making a U-turn, passes
through a space between the recording portion 24 and
the platen 26, and reaches the discharging tray 16. The
conveyance path 17 positioned between the conveying
rollers 25 and the discharging rollers 27 in the front-rear
direction 8 is provided substantially at a center portion of
the multifunction peripheral 10 in the left-right direction
9, and extends in the front-rear direction 8. A conveying
direction of the sheet 12 in the conveyance path 17 is
indicated by a dashed-dotted arrow in Fig. 2.

[Conveying Rollers 25]

[0016] As illustrated in Fig. 2, the pair of conveying
rollers 25 is disposed in the conveyance path 17. The
conveying rollers 25 include a conveying roller 25A and
a pinch roller 25B which are opposed to each other. The
conveying roller 25A is driven by a conveying motor 171
(see Fig. 8). The pinch roller 25B is rotated following the
rotation of the conveying roller 25A. The sheet 12 is
nipped between the conveying roller 25A and the pinch
roller 25B while the conveying roller 25A is rotated in a
normal direction by the normal rotation of the conveying
motor 171, thereby to be conveyed in the conveying di-
rection (i.e., frontward).

[Discharging Rollers 27]

[0017] As illustrated in Fig. 2, the pair of discharging
rollers 27 is disposed downstream of the conveying roll-
ers 25 on the conveyance path 17 in the conveying di-
rection. The discharging rollers 27 include a discharging
roller 27A and a spur 27B which are opposed to each
other. The discharging roller 27A is driven by the con-
veying motor 171 (see Fig. 8). The spur 27B is rotated
following the rotation of the discharging roller 27A. The
sheet 12 is nipped between the discharging roller 27A
and the spur 27B while the discharging roller 27A is ro-
tated in a normal direction by the normal rotation of the
conveying motor 171, thereby to be conveyed in the con-
veying direction (i.e., frontward).

[Recording portion 24]

[0018] As illustrated in Fig. 2, the recording portion 24
(an example of a recording portion) is disposed between
the conveying rollers 25 and the discharging rollers 27
on the conveyance path 17 in the conveying direction.
The recording portion 24 is arranged to oppose the platen
26 in the up-down direction 7 such that the conveyance
path 17 is interposed between the recording portion 24
and the platen 26. The recording portion 24 includes a
carriage 22 and a recording head 21.
[0019] As illustrated in Fig. 3, the guide rails 82 and 83
extend in the left-right direction 9 at positions spaced
apart from each other in the front-rear direction 8, respec-
tively, and are supported by the frame of the printer por-
tion 11. The carriage 22 is supported by the guide rails
82 and 83. A known belt mechanism is provided on the
guide rail 83, and the carriage 22 is connected to the belt
mechanism. The belt mechanism is driven by a carriage
driving motor 173 (see Fig. 8). The carriage 22 connected
to the belt mechanism reciprocates in the left-right direc-
tion 9 in response that the carriage driving motor 173 is
driven. The range of movement of the carriage 22 ex-
tends from the right side of the right end of the convey-
ance path to the left side of the left end of the conveyance
path 17, as indicated by the alternate long and short dash
line in Fig. 3.
[0020] An ink tube 20 and a flexible flat cable 84 extend
from the carriage 22.
[0021] The ink tube 20 connects the cartridge attach-
ment portion 110 (see Fig. 1B) and the recording head
21. The ink tube 20 supplies the recording head 21 with
ink (an example of a liquid) stored in each of ink cartridges
30 (examples of a cartridge) attached to the cartridge
attachment portion 110. Four ink tubes 20 through which
ink of respective colors (black, magenta, cyan, and yel-
low) flow are provided corresponding to the four kinds of
ink cartridges 30 respectively, and these ink tubes 20 are
connected to the carriage 22 in a bundled state.
[0022] The flexible flat cable 84 is intended to electri-
cally connect a control unit 130 (see Fig. 8) and the re-
cording head 21. The flexible flat cable 84 transmits a
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control signal, which is outputted from the control unit
130, to the recording head 21.
[0023] As illustrated in Fig. 2, the carriage 22 carries
the recording head 21. The recording head 21 includes
a plurality of nozzles 29 and a piezoelectric element 45
(see Fig. 8). The nozzles 29 are arranged on the lower
surface of the recording head 21. The piezoelectric ele-
ment 45 deforms a part of the ink flow passage formed
in the recording head 21 to eject ink droplets from the
nozzles 29. As will be described later, the piezoelectric
element 45 operates when power is supplied by the con-
trol unit 130.
[0024] The recording portion 24 is controlled by the
control unit 130. When the carriage 22 moves in the left-
right direction 9, the recording head 21 ejects ink droplets
from the nozzles 29 toward the sheet 12 supported by
the platen 26. As a result, an image is formed on the
sheet 12. Further, the ink stored in each ink cartridge 30
is consumed.

[Platen 26]

[0025] As illustrated in Figs. 2 and 3, the platen 26 is
disposed between the conveying rollers 25 and the dis-
charging rollers 27 on the conveyance path 17 in the
front-rear direction 8. The platen 26 is disposed to oppose
the recording portion 24 in the up-down direction 7 such
that the conveyance path 17 is interposed between the
platen 26 and the recording portion 24. The platen 26
supports the sheet 12 conveyed by the conveying rollers
25 from below.

[Cover 87]

[0026] As illustrated in Fig. 1B, an opening 85 is formed
in the front surface 14A of the casing 14 at the right end
portion thereof. A storage space 86 capable of housing
the cartridge attachment portion 110 is formed behind
the opening 85. A cover 87 is attached to the casing 14
to cover the opening 85. The cover 87 is pivotable about
a pivoting axis 87A (pivoting center) extending in the left-
right direction 9 between a closed position (a position
illustrated in Fig. 1A) for closing the opening 85 and an
open position (a position illustrated in Fig. 1B) for opening
the opening 85.

[Cartridge Attachment Portion 110]

[0027] As illustrated in Figs. 4 through 6, the cartridge
attachment portion 110 includes a cartridge case 101,
connecting portions 107, contacts 106, rods 125, attach-
ment sensors 113, locking portions 145, tanks 103, and
liquid level sensors 55 (examples of a detecting portion).
In the cartridge attachment portion 110, four kinds of ink
cartridges 30 corresponding to four colors of cyan, ma-
genta, yellow, and black are detachably mountable. One
connecting portion 107, one contact 106, one rod 125,
one attachment sensor 113, one locking portion 145, one

tank 103, and one liquid level sensor 55 are provided
corresponding to each of the four kinds of ink cartridges.
Note that the number of the ink cartridges 30 that can be
mounted in the cartridge attachment portion 110 is not
limited to four, but may be arbitrary.

[Cartridge Case 101]

[0028] As illustrated in Figs. 4 and 5, the cartridge case
101 constitutes the casing of the cartridge attachment
portion 110. The cartridge case 101 has a box-like shape
defining an internal space therein. Specifically, the car-
tridge case 101 includes a top wall defining the top part
of the internal space, a bottom wall defining the bottom
part of the internal space, an end wall connecting the top
wall and the bottom wall, a left side wall defining the light
end of the internal space, a right side wall defining the
right end of the internal space, and an opening 112 po-
sitioned opposite to the end wall in the front-rear direction
8. The opening 112 can be exposed to the front surface
14A of the casing 14 when using the multifunction pe-
ripheral 10.
[0029] The ink cartridges 30 can be inserted into and
extracted from the cartridge case 101 through the open-
ing 85 of the casing 14 and the opening 112 of the car-
tridge attachment portion 110. In the cartridge case 101,
the bottom wall of the internal space is formed with four
guide grooves 109 for guiding insertion/extraction of the
ink cartridges 30. The ink cartridge 30 is guided in the
front-rear direction 8 indicated in Fig. 4 by inserting the
lower end portion of the ink cartridge 30 into the guide
groove 109. The cartridge case 101 is also provided with
three plates 104 that partition the internal space into four
spaces each elongated in the up-down direction 7. Each
of the four kinds of ink cartridges 30 can be mounted in
a corresponding one of the four spaces partitioned by
the plate 104.
[0030] Hereinafter, for simplifying explanation, only
one ink cartridge 30 is assumed to be mounted in the
cartridge case 101 of the cartridge attachment portion
110.

[Connecting Portion 107]

[0031] As illustrated in Fig. 4, each connecting portion
107 includes an ink needle 102 and a guide portion 105.
[0032] The ink needle 102 (an example of a connecting
portion) is made of resin and has a generally tubular
shape. The ink needle 102 is disposed on a lower end
portion of the end wall constituting the cartridge case
101. Specifically, the ink needle 102 is disposed at a po-
sition corresponding to an ink supply portion 34 (an ex-
ample of a supply portion and a cylinder portion, to be
described later) of the ink cartridge 30 attached to the
cartridge attachment portion 110 on the end wall of the
cartridge case 101. The ink needle 102 horizontally pro-
trudes frontward from the end wall of the cartridge case
101.
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[0033] The guide portion 105 has a cylindrical shape,
and is provided on the end wall to surround the ink needle
102. The guide portion 105 protrudes frontward from the
end wall of the cartridge case 101. The guide portion 105
has a protruding end that is open forward (see Fig. 6).
Specifically, the ink needle 102 is positioned at a diamet-
rical center of the guide portion 105. The guide portion
105 is shaped to allow the ink supply portion 34 of the
attached ink cartridge 30 to be received in the guide por-
tion 105.
[0034] The connecting portion 107 is not connected to
the ink supply portion 34 of the ink cartridge 30 in a state
where the ink cartridge 30 is not attached to the cartridge
attachment portion 110. During insertion of the ink car-
tridge 30 into the cartridge attachment portion 110, i.e.,
in the course of action for bringing the ink cartridge 30
into an attached position attached to the cartridge attach-
ment portion 110 (a position illustrated in Fig. 6), the ink
supply portion 34 of the ink cartridge 30 enters into the
guide portion 105 in the insertion direction (i.e., rear-
ward). As the ink cartridge 30 is further inserted rearward,
the ink needle 102 enters into an ink supply port 71
formed in the ink supply portion 34. As a result, the con-
necting portion 107 is connected to the ink supply portion
34. Hence, the ink stored in a storage chamber 33 formed
in the ink cartridge 30 is allowed to flow into the tank 103
through an ink valve chamber 35 defined in the ink supply
portion 34 and an internal space 117 defined in the ink
needle 102. Incidentally, the ink needle 102 may have a
flat-shaped tip end or a pointed tip end.
[0035] As illustrated in Fig. 6, a valve 114 and a coil
spring 115 are housed in the internal space 117 of the
ink needle 102. The valve 114 is movable in the front-
rear direction 8 to open and close an opening 116 formed
in a protruding tip portion of the ink needle 102. That is,
the valve 114 opens and closes the internal space 117
of the ink needle 102. The coil spring 115 urges the valve
114 frontward. Accordingly, the valve 114 closes the
opening 116 in a state where no external force is applied
(a state where the ink cartridge 30 is not attached to the
cartridge attachment portion 110). Further, a front end
portion of the valve 114 urged by the coil spring 115 pro-
trudes frontward from the opening 116 in a state where
no external force is applied. In the process of connecting
the connecting portion 107 and the ink supply portion 34,
the valve 114 opens the opening 116. The operation of
opening the opening 116 by the valve 114 will be de-
scribed later.

[Contacts 106]

[0036] As illustrated in Fig. 6, four contacts 106 are
provided on the top wall of the cartridge case 101. Each
contact 106 protrudes downward from the top surface
toward the internal space of the cartridge case 101. Al-
though not illustrated in detail in the drawings, the four
contacts 106 are arranged to be spaced apart from one
another in the left-right direction 9. Each of the four con-

tacts 106 is arranged at a position corresponding to each
one of four electrodes 65 of the ink cartridge 30 as will
be described later. Each contact 106 is made of a material
having electrical conductivity and resiliency. The con-
tacts 106 are therefore upwardly resiliently deformable.
Four sets of the four contacts 106 are disposed corre-
sponding to the four kinds of ink cartridges 30 that can
be mounted in the cartridge case 101. Note that the
number of contacts 106 and the number of electrodes
may be arbitrary.
[0037] Each contact 106 is electrically connected to
the control unit 130 (see Fig. 8) via an electrical circuit.
When the respective contacts 106 are engaged with the
corresponding electrodes 65 to be electrically connected
to the same, so that: a voltage Vc is applied to the cor-
responding electrode 65; the corresponding electrode 65
is grounded; and power is supplied to the corresponding
electrode 65. Due to establishment of the electrical con-
nection between the contacts 106 and the electrodes 65,
the data stored in an IC of the ink cartridge 30 is made
electrically accessible. Outputs from the electrical circuits
are configured to be inputted into the control unit 130.

[Rod 125]

[0038] As illustrated in Fig. 6, a rod 125 is provided at
a position above the ink needle 102 on the end wall of
the cartridge case 101. The rod 125 protrudes frontward
from the end wall of the cartridge case 101. The rod 125
has a cylindrical shape. The rod 125 is inserted into an
air communication port 96 to be described later, in a state
where the ink cartridge 30 is attached to the cartridge
attachment portion 110, that is, when the ink cartridge
30 in in the attached position.

[Attachment Sensor 113]

[0039] As illustrated in Fig. 6, the attachment sensor
113 is also disposed at the top wall of the cartridge case
101. The attachment sensor 113 detects whether or not
the ink cartridge 30 is attached to the cartridge attach-
ment portion 110. The attachment sensor 113 is disposed
at a position frontward of the rod 125 but rearward of the
contacts 106. In the present embodiment, the attachment
sensor 113 includes a light-emitting element and a light-
receiving element. The light-emitting element is arranged
to oppose the light-receiving element and is spaced apart
from the light-receiving element in the left-right direction
9. When the ink cartridge 30 has been attached to the
cartridge attachment portion 110, a light-shielding plate
67 (to be described later) of the attached ink cartridge 30
is disposed between the light-emitting element and the
light-receiving element of the attachment sensor 113. In
other words, the light-emitting element and the light-re-
ceiving element are arranged to oppose each other with
the light-shielding plate 67 of the attached ink cartridge
30 interposed therebetween.
[0040] The attachment sensor 113 is configured to out-
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put different detection signals depending on whether or
not light emitted in the left-right direction 9 from the light-
emitting element is received by the light-receiving ele-
ment. For example, the attachment sensor 113 outputs
a low-level signal to the control unit 130 (see Fig. 8) when
the light emitted from the light-emitting element is not
received at the light-receiving element (that is, when an
intensity of the light received at the light-receiving ele-
ment is less than a predetermined intensity). On the other
hand, the attachment sensor 130 outputs a high-level
signal to the control unit 130 (see Fig. 8) when the light
emitted from the light-emitting element is received at the
light-receiving element (that is, when the intensity of the
received light is equal to or greater than the predeter-
mined intensity).

[Locking Portion 145]

[0041] As illustrated in Fig. 6, the locking portion 145
is disposed in the vicinity of the top wall of the cartridge
case 101 and in the vicinity of the opening 112. The lock-
ing portion 145 is a bar-like member extending in the left-
right direction 9. The locking portion 145 is, for example,
a metal cylinder. The left end of the locking portion 145
in the left-right direction 9 are fixed to the left side wall of
the cartridge case 101, and the right end of the locking
portion 145 in the left-right direction 9 are fixed to the
right wall of the cartridge case 101. The locking portion
145 extends in the left-right direction 9 over four spaces
in which the four kinds of ink cartridges 30 can be mount-
ed.
[0042] The locking portion 145 is adapted to hold the
ink cartridge 30 attached to the cartridge attachment por-
tion 110 at the attached position. The ink cartridge 30 is
engaged with the locking portion 145 in a state where
the ink cartridge 30 is attached to the cartridge attach-
ment portion 110. Accordingly, the locking portion 145
holds the ink cartridge 30 against a force of pushing the
ink cartridge 30 frontward by a coil spring 78 and a coil
spring 98 of the ink cartridge 30.

[Tank 103]

[0043] As illustrated in Figs. 4 through 6, a tank 103
(an example of a tank) is provided in a rear portion of the
cartridge case 101. The tank 103 has a box shape having
therein a storage chamber 121 (an example of a second
storage chamber) and a buffer chamber 122. The storage
chamber 121 and the buffer chamber 1.22 are arranged
in the up-down direction 7. Specifically, the buffer cham-
ber 122 is disposed at a position above the storage cham-
ber 121. The storage chamber 121 and the buffer cham-
ber 122 are in communication with each other by a flow
passage 123 extending in the up-down direction 7. The
storage chamber 121, the buffer chamber 122, and the
flow passage 123 are spaces defined by the outer wall
of the tank 103, respectively. The storage chamber 121
extends frontward from the flow passage 123. The stor-

age chamber 121 is substantially rectangular in cross-
section taken along a horizontal plane. The cross-sec-
tional area of the storage chamber 121 taken along the
horizontal plane is larger than the cross-sectional area
of the flow passage 123 taken along the horizontal plane.
[0044] The storage chamber 121 is in communication
with the internal space of the ink needle 102 at the front
side via a communication port 129 (an example of a liquid
flow-in port). The storage chamber 121 has a front wall
121A defining the front end of the storage chamber 121.
The communication port 129 is formed in the front wall
121A. As a result, ink flowing out of the ink cartridge 30
through the ink needle 102 is stored in the storage cham-
ber 121. In the tank 103, a convex portion 120 is formed
at a position above the storage chamber 121 but front-
ward of the flow passage 123. An internal space of the
convex portion 120 connects to the storage chamber 121.
The convex portion 120 has a pair of side walls facing in
the left-right direction 9 and each of the side walls is made
of a translucent member. An arm 53 and a detected part
54 of a pivoting member 50 described later are disposed
in the convex portion 120.
[0045] The storage chamber 121 is in communication
with the ink flow passage 126 via a communication port
128 (an example of a liquid flow-out port). The storage
chamber 121 has a bottom wall 121B defining the bottom
end of the storage chamber 121. The communication port
128 is formed on the bottom wall 121B of the storage
chamber 121. The communication port 128 is disposed
below the communication port 129 in a direction of grav-
ity.
[0046] The ink flow passage 126 extends upward from
the storage chamber 121 and connects to an ink outflow
port 127. The ink tube 20 is connected to the ink outflow
port 127. As a result, the ink stored in the storage cham-
ber 121 flows out via the communication port 128 and is
supplied to the recording head 21 through the ink flow
passage 126 and the ink tube 20.
[0047] The buffer chamber 122 is in communication
with an air communication port 124 (an example of a
second air communication portion) formed in the upper
part of the tank 103. Specifically, the buffer chamber 122
has a front wall 122A defining a front end of the buffer
chamber 122, and a through-hole 119 is formed on the
front wall 122A (see Fig. 6). The buffer chamber 122 is
in communication with the air communication port 124
through the through-hole 119. The through-hole 119 is
sealed with a semipermeable membrane 118. The air
communication port 124 is open to the outside. As a re-
sult, the storage chamber 121 and the buffer chamber
122 can be open to an atmosphere. That is, the air com-
munication port 124 allows the storage chamber 121 and
the buffer chamber 122 to be in communication with the
atmosphere. Note that the communication of the storage
chamber 121 and the buffer chamber 122 with the at-
mosphere is not limited to a regular atmosphere commu-
nication as in the present embodiment, but may be a
configuration in which the communication with the atmos-

15 16 



EP 3 437 881 A1

10

5

10

15

20

25

30

35

40

45

50

55

phere is maintained and blocked. For example, a well-
known switching unit for switching the communication
with the atmosphere may be provided to switch between
an atmosphere communication state and an atmosphere
blocking state.
[0048] In Fig. 5, a film constituting the back surface of
the tank 103 is omitted, but the back surfaces of each of
the storage chamber 121, the buffer chamber 122, the
flow passage 123, and the ink flow passage 126 are con-
figured to be sealed with films.

[Pivoting Member 50]

[0049] As illustrated in Fig. 6, the pivoting member 50
is disposed in the storage chamber 121 of the tank 103.
The pivoting member 50 is supported so as to be rotat-
able in directions of an arrow 58 and an arrow 59 by a
supporting member (not illustrated) disposed in the stor-
age chamber 121. The pivoting member 50 may be sup-
ported by a member other than the supporting member.
For example, the pivoting member 50 may be supported
by a wall of the cartridge case 101 that partitions the
storage chamber 121.
[0050] The pivoting member 50 includes a float 51, a
shaft 52, the arm 53, and the detected part 54. The float
51 is positioned in a lower part of the pivoting member
50. The float 51 is made of a material having a specific
gravity smaller than that of the ink stored in the storage
chamber 121. The shaft 52 protrudes from the left surface
and the right surface of the float 51 in the left-right direc-
tion 9. The shaft 52 is inserted into a hole formed in the
support member. As a result, the pivoting member 50 is
supported by the supporting member so as to be pivot-
able about the shaft 52.
[0051] The arm 53 protrudes substantially upward from
the float 51. The detected part 54 is formed at the pro-
truding tip portion of the arm 53. The arm 53 and the
detected part 54 are located in the internal space of the
convex portion 120. The detected part 54 has a plate
shape extending in the up-down direction 7 and the front-
rear direction 8. The detected part 54 is made of a ma-
terial that shields light outputted from a light-emitting el-
ement of the liquid level sensor 55 to be described later.
[0052] When the liquid level of the ink stored in the
storage chamber 121 is higher than the position P1 of
the connecting portion 107 in the up-down direction 7, in
other words, when the level of the ink stored in the storage
chamber 33 of the ink cartridge 30 is higher than the
position P1 of the ink supply portion 34 in the up-down
direction 7, the pivoting member 50 pivots in the direction
of the arrow 58 due to buoyancy acting on the float 51.
As a result, the pivoting member 50 is positioned at a
detection position partially indicated by a solid line in Fig.
6.
[0053] In the present embodiment, the position P1 (an
example of a first height) is the same height as the center
of the axis of the ink needle 102 and is the same height
as the center of the ink supply port 71. However, the

position P1 is not limited to the position of the present
embodiment as long as the position P1 is the same height
as the connecting portion 107 and the ink supply portion
34 in the up-down direction 7. For example, the position
P1 may be the same height as the upper end or the lower
end of the ink needle 102, or may be the same height as
the upper end or the lower end of the ink supply port 71.
[0054] On the other hand, when the ink stored in the
storage chamber 121 and the ink valve chamber 35 is
consumed and the liquid level of the ink stored in the
storage chamber 121 is lowered to be a position equal
to or lower than the position P1 in the up-down direction
7, the pivoting member 50 follows the liquid level of the
ink stored in the storage chamber 121 and rotates in the
direction of the arrow 59. As a result, the pivoting member
50 is positioned at a non-detection position indicated by
the broken line in Fig. 6. That is, the pivoting member 50
changes its state under the condition that the liquid level
of the ink stored in the storage chamber 121 arrives at
the same position as the connecting portion 107 in the
up-down direction 7.

[Liquid Level Sensor 55]

[0055] The liquid level sensor 55 (see Fig. 8) detects
a state change of the pivoting member 50 provided with
the detected part 54. In the present embodiment, the liq-
uid level sensor 55 includes a light-emitting element and
a light-receiving element. The light-emitting element and
the light-receiving element are arranged to be spaced
apart from each other in the left-right direction 9 with the
convex portion 120 of the tank 103 interposed therebe-
tween. The light-emitting element is disposed on one of
the right side and the left side of the convex portion 120,
whereas the light-receiving element is disposed on the
other of the right side and the left side of the convex
portion 120. The optical path of the light outputted from
the light-emitting element coincides with the left-right di-
rection 9. When the pivoting member 50 is positioned at
the detection position, the detected part 54 of the pivoting
member 50 is positioned between the light-emitting ele-
ment and the light-receiving element of the liquid level
sensor 55.
[0056] The liquid level sensor 55 outputs detection sig-
nals different from each other dependent on whether or
not the light outputted from the light-emitting element is
received at the light-receiving element. For example, the
liquid level sensor 55 outputs a low-level signal (referring
"a signal whose signal level is less than the threshold
level") to the control unit 130 (see Fig. 8) under the con-
dition that the light outputted from the light-emitting ele-
ment cannot be received by the light-receiving element
(that is, the intensity of the light received at the light-
receiving element is less than the predetermined inten-
sity). On the other hand, the liquid level sensor 55 outputs
a high-level signal (referring to "a signal whose signal
level is equal to or higher than the threshold level") to the
control unit 130 under the condition that the light output-
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ted from the light-emitting element can be received at the
light-receiving element (that is the intensity of the light
received at the light-receiving element is equal to or high-
er than the predetermined intensity).
[0057] The detected part 54 at the detection position
is positioned between the light-emitting element and the
light-receiving element. Thus, when the liquid level of the
ink stored in the storage chamber 121 of the tank 103 (in
other words, the liquid level of the ink stored in the storage
chamber 33 of the ink cartridge 30) is higher than the
position P1 in the up-down direction 7, the light outputted
from the light-emitting element cannot be received at the
light-receiving element. Accordingly, the liquid level sen-
sor 55 outputs the low-level signal to the control unit 130.
On the other hand, the detected part 54 at the non-de-
tection position is retracted from between the light-emit-
ting element and the light-receiving element. Thus, when
the liquid level of the ink stored in the storage chamber
121 of the tank 103 (in other words, the liquid level of the
ink stored in the storage chamber 33 of the ink cartridge
30) is equal to or lower than the position P1 in the up-
down direction 7, the light outputted from the light-emit-
ting element can be received at the light-receiving ele-
ment. Accordingly, the liquid level sensor 55 outputs the
high-level signal to the control unit 130.

[Ink Cartridge 30]

[0058] The ink cartridge 30 illustrated in Figs. 6 and 7
is a container configured to store ink therein. The posture
of the ink cartridge 30 illustrated in Figs. 6 and 7 is the
usage posture.
[0059] As illustrated in Figs. 6 and 7, the ink cartridge
30 has a substantially rectangular parallelepiped casing
31. The casing 31 includes a rear wall 40, a front wall 41,
a top wall 39, a bottom wall 42, a right side wall 37, and
a left side wall 38.
[0060] The casing 31 as a whole has a generally flat
shape having a height in the up-down direction 7, a width
in the left-right direction 9, and a length in the front-rear
direction 8, the width being smaller than the height and
the length. In the casing 31, at least the front wall 41 has
translucency so that the liquid level of the ink stored in a
storage chamber 32 (to be described later) and the stor-
age chamber 33 can be visually recognized from the out-
side.
[0061] The casing 31 is positioned above the bottom
wall 42, and has a sub-bottom wall 48 extending front-
ward continuously from the lower end of the rear wall 40.
The bottom wall 42 and the sub-bottom wall 48 are con-
tinuous by a stepped surface 49. The ink supply portion
34 extends rearward from the stepped surface 49 below
the sub-bottom wall 48 and above the bottom wall 42.
[0062] A convex portion 43 is provided at the outer sur-
face of the top wall 39 to protrude upward therefrom. The
convex portion 43 extends in the front-rear direction 8.
The convex portion 43 has a lock surface 151 facing front-
ward. The lock surface 151 is positioned above the top

wall 39. The lock surface 151 is a surface that can come
into contact with the locking portion 145 in a state where
the ink cartridge 30 is attached to the cartridge attach-
ment portion 110. After the lock surface 151 comes into
contact with the locking portion 145, the lock surface 151
pushes the locking portion 145 frontward, so that the ink
cartridge 30 is held in the cartridge attachment portion
110 against the urging force of the coil springs 78 and 98.
[0063] The convex portion 43 also has an inclined sur-
face 155. The inclined surface 155 is disposed rearward
of the lock surface 151. In the process of attaching the
ink cartridge 30 to the cartridge attachment portion 110,
the locking portion 145 is guided along the inclined sur-
face 155. As a result, the locking portion 145 is guided
to a position coming into contact with the lock surface
151.
[0064] An operation unit 90 is disposed in front of the
lock surface 151 of the top wall 39. The operation unit 90
includes an operation surface 92. When the operation
surface 92 is pushed down in a state where the ink car-
tridge 30 is attached to the cartridge attachment portion
110, the ink cartridge 30 pivots and the lock surface 151
therefore moves downward. Thus, the lock surface 151
is positioned lower than the locking portion 145. As a
result, the ink cartridge 30 can be extracted from the car-
tridge attachment portion 110 in an extraction direction
(frontward).
[0065] The light-shielding plate 67 is provided at the
outer surface of the top wall 39 to protrude upward there-
from. The light-shielding plate 67 extends in the front-
rear direction 8. The light-shielding plate 67 is disposed
rearward of the convex portion 43.
[0066] The light-shielding plate 67 is disposed be-
tween the light-emitting element and the light-receiving
element of the attachment sensor 113 in a state where
the ink cartridge 30 is attached to the cartridge attach-
ment portion 110. As a result, the light-shielding plate 67
shields the light from the attachment sensor 113 traveling
in the left-right direction 9. More specifically, when the
light emitted from the light-emitting element of the attach-
ment sensor 113 is incident on the light-shielding plate
67 before arriving at the light-receiving element, the in-
tensity of the light received at the light-receiving element
becomes less than the predetermined intensity, for ex-
ample, zero. Note that the light-shielding plate 67 may
completely shield the light traveling in the left-right direc-
tion 9, may partially attenuate the light, may refract the
light to change a traveling direction thereof, or may fully
reflect the light.
[0067] In the present embodiment, a notch 66 is formed
in the light-shielding plate 67. The notch 66 is a space
that is recessed downward from the upper end of the
light-shielding plate 67, and spreads in the front-rear di-
rection 8. Since the notch 66 is positioned in the attach-
ment sensor 113, the light emitted from the light-emitting
element of the attachment sensor 113 is not shielded
before arriving at the light-receiving element. The type
of the ink cartridge 30, that is, the type and the initial
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quantity of the ink stored in the ink cartridge 30 can be
determined on the basis of the presence or absence of
the notch 66 in the light-shielding plate 67.
[0068] An IC board 64 is provided between the light-
shielding plate 67 and the convex portion 43 on the outer
surface of the top wall 39 in the front-rear direction 8. The
IC board 64 is electrically connected to the contact 106
in a state where the ink cartridge 30 is attached to the
cartridge attachment portion 110.
[0069] An integrated circuit (IC; not illustrated in the
drawings) and four electrodes 65 are mounted on the IC
board 64. The four electrodes 65 are aligned in the left-
right direction 9. The IC stores data indicating information
related to the ink cartridge 30 such as a lot number, a
date of manufacture, ink color, and the like in such a
manner that the information is readable from the IC.
[0070] Each of four electrodes 65 is electrically con-
nected to the IC, and extends in the front-rear direction
8. The four electrodes 65 are arranged to be spaced apart
from one another in the left-right direction 9. Each elec-
trode 65 is exposed so as to be electrically accessible to
the upper surface of the IC board 64.
[0071] The casing 31 has a sub-top surface 91 at the
rear end of the outer surface of the top wall 39. The outer
surface of the top wall 39 and the sub-top surface 91 are
continuous by a stepped surface 95. Specifically, the
stepped surface 95 extends upward from the front end
of the sub-top surface 91 disposed at the rear end of the
outer surface of the top wall 29. The stepped surface 95
is a surface facing rearward. The stepped surface 95 is
formed with an air communication port 96 (an example
of a first air communication portion) through which the
storage chamber 32 is in communication with the atmos-
phere. In the process of attaching the ink cartridge 30 to
the cartridge attachment portion 110, as illustrated in Fig.
6, the rod 125 enters an air valve chamber 36 (described
later) through the air communication port 96. The rod 125
having entered the air valve chamber 36 moves a valve
97 for sealing the air communication port 96 frontward
against the urging force of the coil spring 98. When the
valve 97 is moved frontward and is separated from the
air communication port 96, the storage chamber 32 is
open to the atmosphere.
[0072] As illustrated in Fig. 6, the storage chamber 32,
the storage chamber 33, the ink valve chamber 35, and
the air valve chamber 36 are formed inside the casing
31. The storage chamber 32, the storage chamber 33,
and the ink valve chamber 35 store the ink. The air valve
chamber 36 communicates air between the storage
chamber 32 and the outside of the casing 31. The storage
chamber 32 and the storage chamber 33 are disposed
adjacent to each other in the up-down direction 7 with a
partition wall 73 partitioning the inner space of the casing
31 interposed therebetween. Further, the storage cham-
ber 32 and the storage chamber 33 communicate with
each other through a through-hole (not illustrated) formed
in the partition wall 73. The storage chamber 32 and the
air valve chamber 36 are disposed adjacent to each other

in the up-down direction 7 with a partition wall 74 parti-
tioning the inner space of the casing 31 interposed ther-
ebetween. Further, the storage chamber 32 and the air
valve chamber 36 communicate with each other through
a through-hole 46 formed in the partition wall 74. The
storage chamber 33 and the ink valve chamber 35 are
disposed adjacent to each other in the front-rear direction
8 with a partition wall 75 partitioning the inner space of
the casing 31 interposed therebetween. Further, the stor-
age chamber 33 and the ink valve chamber 35 commu-
nicate with each other through a through-hole 99 formed
in the lower end of the storage chamber 33.
[0073] Accordingly, the storage chamber 32 is a space
defined by each inner surface of the outer wall of the
casing 31, the upper surface of the partition wall 73, and
the lower surface of the partition wall 74. The storage
chamber 33 is a space defined by each inner surface of
the outer wall of the casing 31, the lower surface of the
partition wall 73, and the front surface of the partition wall
75. The total capacity of the storage chamber 32 and the
storage chamber 33 is greater than the total capacity of
the storage chamber 121 and the flow passage 123 in
the tank 103. The storage chamber 32 and the storage
chamber 33 are examples of a first storage chamber.
[0074] The valve 97 and the coil spring 98 are housed
in the air valve chamber 36. The air valve chamber 36
communicates with the outside through the air commu-
nication port 96 formed in the stepped surface 95. The
valve 97 is movable between a closed position at which
the valve 97 seals the air communication port 96 and an
open position at which the valve 97 is separated from the
air communication port 96. The coil spring 98 is disposed
to be extensible and contractible in the front-rear direction
8, and urges the valve 97 in a direction to move the valve
97 to contact the air communication port 96, that is, rear-
ward.
[0075] The front end of the air valve chamber 36 is
defined by a wall 93 formed with a through-hole 94. The
storage chamber 32 communicates with the air valve
chamber 36 through the through-hole 46 and the through-
hole 94. The through-hole 94 is sealed with a semiper-
meable membrane 80.
[0076] The ink supply portion 34 protrudes rearward
from the stepped surface 49. The ink supply portion 34
has a cylindrical outer shape. The inner space of the ink
supply portion 34 serves as the ink valve chamber 35.
The ink supply portion 34 has a protruding end that is
open rearward to the outside of the ink cartridge 30
through the ink supply port 71. A seal member 76 is pro-
vided at the rear end of the ink supply portion 34. The
front end of the ink supply portion 34 communicates with
the lower end of the storage chamber 33 through the
through-hole 99 as described above. That is, the ink sup-
ply portion 34 communicates with the lower end of the
storage chamber 33.
[0077] A valve 77 and the coil spring 78 are housed in
the ink valve chamber 35. The valve 77 moves in the
front-rear direction 8 to open and close the ink supply
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port 71 penetrating the center portion of the seal member
76. The coil spring 78 urges the valve 77 rearward. Ac-
cordingly, the valve 77 closes the ink supply port 71 of
the seal member 76 in a state where no external force is
applied.
[0078] The seal member 76 is a disk-shaped member
in which a through-hole is formed at the center portion
thereof. The seal member 76 is made of, for example,
an elastic material such as rubber or elastomer. The cent-
er portion of the seal member 76 is penetrated in the
front-rear direction 8 to form a cylindrical inner peripheral
surface serving as the ink supply port 71. The inner di-
ameter of the ink supply port 71 is slightly smaller than
the outer diameter of the ink needle 102.
[0079] When the ink cartridge 30 is attached to the car-
tridge attachment portion 110 in a state where the valve
77 closes the ink supply port 71 and the valve 114 closes
the opening 116 of the ink needle 102, the ink needle
102 enters the ink valve chamber 35 through the ink sup-
ply port 71. That is, the connecting portion 107 and the
ink supply portion 34 are connected to each other. At this
time, the outer peripheral surface of the ink needle 102
liquid-tightly contacts the inner peripheral surface of the
seal member 76 that defines the ink supply port 71, while
elastically deforming the seal member 76. When the tip
of the ink needle 102 passes through the seal member
76 to further enter the ink valve chamber 35, the tip of
the ink needle 102 abuts on the valve 77. When the ink
cartridge 30 is further inserted into the cartridge attach-
ment portion 110, the ink needle 102 moves the valve 77
frontward against the urging force of the coil spring 78.
As a result, the ink supply port 71 is opened.
[0080] Further, while the tip of the ink needle 102 abuts
on the valve 77, the valve 77 abuts on the valve 114 from
the front side and pushes it. Then, the valve 114 moves
rearward against the urging force of the coil spring 115.
Thus, the opening 116 is opened. As a result, the ink
stored in the ink valve chamber 35 can flow into the stor-
age chamber 121 of the tank 103 through the internal
space 117 of the ink needle 102. As described above,
the ink stored in the storage chamber 32, the storage
chamber 33, and the ink valve chamber 35 is supplied
to the storage chamber 121 of the tank 103 by the ink
supply portion 34.

[Control Unit 130]

[0081] Hereinafter, a schematic configuration of the
control unit 130 will be described with reference to Fig.
8. The control unit 130 controls the overall operation of
the multifunction peripheral 10. The control unit 130 in-
cludes a central processing unit (CPU) 131, a read-only
memory (ROM) 132, a random access memory (RAM)
133, an electrically erasable programmable read-only
memory (EEPROM) 134, an application specific integrat-
ed circuit (ASIC) 135, and an internal bus 137 which con-
nects these components to one another.
[0082] The ROM 132 stores a program for causing the

CPU 131 to control various operations including the im-
age forming control. The RAM 133 is used as a storage
region which temporarily stores data and signals used
when the CPU 131 executes the program. The EEPROM
134 stores settings and flags to be retained even after
the power of the multifunction peripheral 10 is turned off.
[0083] The conveying motor 171, the feeding motor
172, and the carriage driving motor 173 are connected
to the ASIC 135. A drive circuit for controlling each motor
is incorporated in the ASIC 135. When a drive signal for
rotating a predetermined motor is inputted from the CPU
131 to a drive circuit corresponding to the predetermined
motor, a drive current corresponding to the drive signal
is outputted from the drive circuit to the corresponding
motor. As a result, the corresponding motor rotates. That
is, the control unit 130 controls the driving of the motors
171, 172, and 173.
[0084] Further, a signal outputted from the attachment
sensor 113 is inputted to the ASIC 135. When the signal
inputted from the attachment sensor 113 is at a low level,
the control unit 130 determines that the ink cartridge 30
is attached to the cartridge attachment portion 110. On
the other hand, when the signal inputted from the attach-
ment sensor 113 is at a high level, the control unit 130
determines that the ink cartridge 30 is not attached to the
cartridge attachment portion 110.
[0085] Furthermore, a signal outputted from the liquid
level sensor 55 is inputted to the ASIC 135. When the
signal inputted from the liquid level sensor 55 is at a low
level, the control unit 130 determines that the liquid level
of the ink stored in the storage chamber 121 of the tank
103 and the storage chamber 33 of the ink cartridge 30
is positioned above the position P1. On the other hand,
when the signal inputted from the liquid level sensor 55
is at a high level, the control unit 130 determines that the
liquid level of the ink stored in the storage chamber 121
of the tank 103 and the storage chamber 33 of the ink
cartridge 30 is positioned at the position P1 or lower in
the up-down direction 7. If the control unit 130 determines
that the liquid level of the ink is positioned at the position
P1 or lower in the up-down direction 7, the control unit
130 displays a warning that the cartridge needs to be
replaced on the display, turns on the LED, or emits a
buzzer sound, thereby informing the user.
[0086] The control unit 130 determines the position in
the up-down direction 7 of the liquid level of the ink stored
in the storage chamber 33 with respect to each of the
four kind of ink cartridges 30. Further, the control unit 130
determines the position in the up-down direction 7 of the
liquid level of the ink stored in the storage chamber 121
with respect to each of the four tanks 103 corresponding
to the four kinds of ink cartridges 30.
[0087] The piezoelectric element 45 is connected to
the ASIC 135. The piezoelectric element 45 operates
when power is supplied by the control unit 130 via a drive
circuit (not illustrated). The control unit 130 controls pow-
er supply to the piezoelectric element 45 and selectively
ejects ink droplets from the plurality of nozzles 29.
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[0088] When forming an image on the sheet 12, the
control unit 130 controls the conveying motor 171 to ex-
ecute an intermittent conveying process of alternately
repeating conveyance of the sheet 12 by predetermined
line feeds and stop of the conveyance with the conveying
rollers 25 and the discharging rollers 27.
[0089] The control unit 130 executes an ejection proc-
ess while the sheet 12 is stopped in the intermittent con-
veying process. The ejection process is a process of con-
trolling the power supply to the piezoelectric element 45
to eject ink droplets from the nozzles 29 while moving
the carriage 22 in the left-right direction 9. That is, in the
ejection process, the control unit 130 ejects ink droplets
from the nozzles 29 during a single pass (hereinafter also
referred to as one pass) that moves the carriage 22 from
one end of the printing range to another end of the printing
range. As a result, one pass worth of an image is formed
on the sheet 12.
[0090] By alternately performing the intermittent con-
veying process and the ejection process, an image can
be formed in the entire region of the sheet 12 on which
the image can be formed. An image forming process is
the process in which the intermittent conveying process
and the ejection process are alternately executed and an
image is formed on the sheet 12.
[0091] The control unit 130 performs a series of proc-
esses for forming an image on the sheet 12 by controlling
each of the motors 171, 172, and 173 or the piezoelectric
element 45 according to the signals inputted from the
sensors 55 and 113. The series of processes includes
feeding the sheet 12 supported by the feeding tray 15 to
the conveyance path 17 with the feeding roller 23, con-
veying the sheet 12 fed to the conveyance path 17 in the
conveying direction with the conveying rollers 25 and the
discharging rollers 27, forming an image on the sheet 12
conveyed through the conveyance path 17 by performing
the intermittent conveying process and the ejection proc-
ess, and discharging the sheet 12 on which the image is
formed to the discharging tray 16 with the discharging
rollers 27.

[Cross-sectional Areas of Storage Chambers 32 and 33, 
Storage Chamber 121, and Flow Passage 123]

[0092] Here, in the tank 103, a space between a hori-
zontal plane at the position P2 (an example of a second
height) including the boundary between the storage
chamber 121 and the flow passage 8 in the up-down
direction 7 and a horizontal plane at the position P1 is
defined as a space R. In the storage chambers 32 and
33 of the ink cartridge 30, a partial space included in the
space R is defined as a first space, and in the first space,
the cross-sectional area taken along a horizontal plane
at a predetermined position in the up-down direction 7 is
defined as a first cross-sectional area S1. In the storage
chamber 121 of the tank 103, a partial space included in
the space R is defined as a second space, and in the
second space, a cross-sectional area taken along the

horizontal plane at the above-stated predetermined po-
sition is defined as a second cross-sectional area S2.
That is, the first cross-sectional area S1 and the second
cross-sectional area S2 are cross-sectional areas at the
same height in the space R.
[0093] Fig. 9A is a schematic diagram illustrating the
first cross-sectional area S1 and the second cross-sec-
tional area S2 taken along a horizontal plane at the po-
sition P1, and Fig. 9B is a schematic view illustrating the
first cross-sectional area S1 and the second cross-sec-
tional area S2 taken along a horizontal plane at the po-
sition P2. As illustrated in Figs. 9A and 9B, the first cross-
sectional area S1 is smaller than the second cross-sec-
tional area S2 (S1 < S2) at both of the position P1 and
the position P2. Further, in the space R, the first cross-
sectional area S1 at a lower position in the up-down di-
rection 7, for example, the first cross-sectional area S1
at the position P1 illustrated in Fig. 9A, is smaller than
the first cross-sectional area S1 at an upper position in
the up-down direction 7, for example, the first cross-sec-
tional area S1 at the position P2 illustrated in Fig. 9B.
[0094] Further, in the storage chambers 32 and 33 of
the ink cartridge 30, a space above the position P2 is
defined as a third space, and in the third space, a cross-
sectional area taken along a horizontal plane at a prede-
termined position in the up-down direction 7 (for example,
a position P3 illustrated in Fig. 6) is defined as a third
cross-sectional area S3. In the flow passage 123 of the
tank 103, a space above the position P2 is defined as a
fourth space, and in the fourth space, a cross-sectional
area taken along the horizontal plane at the above-stated
predetermined position is defined as a fourth cross-sec-
tional area S4. Fig. 9C is a schematic diagram illustrating
the third cross-sectional area S3 and the fourth cross-
sectional area S4 taken along a horizontal plane at the
position P3. As illustrated in Fig. 9C, the third cross-sec-
tional area S3 is larger than the fourth cross-sectional
area S4 (S3 > S4) at the position P3. Further, the fourth
cross-sectional area S4 at the position P3 illustrated in
Fig. 9C is smaller than the second cross-sectional area
S2 at the positions P1 and P2 illustrated in Figs. 9A and
9B (S4 < S2).

[Operational and Technical Advantages of Present Em-
bodiment]

[0095] When ink is supplied from the storage chamber
121 of the tank 103 to the recording portion 24 through
the communication port 128 and the ink outflow port 127,
the ink flows out of the storage chambers 32 and 33 of
the ink cartridge 30 into the tank 103. At this time, since
the second cross-sectional area S2 on the tank 103 side
is larger than the first cross-sectional area S1 on the ink
cartridge 30 side in the space R, a lowering speed of the
liquid level of the ink stored in the storage chambers 32
and 33 of the ink cartridge 30 becomes faster than a
lowering speed of the liquid level of the ink stored in the
storage chamber 121 of the tank 103. As a result, the
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storage chambers 32 and 33 run out of ink faster than
the storage chamber 121, and entry of the air via the
communication port 128 of the tank 103 into the recording
portion 24 is suppressed. Further, since the ink stored in
the storage chambers 32 and 33 of the ink cartridge 30
is preferentially supplied to the recording portion 24, the
liquid level of the ink in the storage chambers 32 and 33
of the ink cartridge 30 falls faster than that in the storage
chamber 121 of the tank 103. Therefore, such determi-
nation is not made by the control unit 130 that the liquid
level of the ink stored in the storage chamber 121 is equal
to or lower than the position P1 irrespective of the fact
that the usable amount of ink still remains in the storage
chamber 32 and 33.
[0096] Further, since the third cross-sectional area S3
on the ink cartridge 30 side is larger than the fourth cross-
sectional area S4 on the tank 103 side at a position above
the position P2, the internal volumes of the storage cham-
bers 32 and 33 of the ink cartridge 30 can be enlarged.
[0097] Furthermore, the fourth cross-sectional area S4
on the tank 103 side at the position P3 is smaller than
the second cross-sectional area S2 on the tank 103 side
at the positions P1 and P2. As a result, space saving of
the storage chamber 121 and the flow passage 123 of
the tank 103 is attained, and the internal volumes of the
storage chambers 32 and 33 can be enlarged without
enlarging the size of the cartridge attachment portion 110
having the tank 103 by effectively assigning the space
generated by the space-saved tank 103 to the ink car-
tridge 30.

[Variations and Modifications]

[0098] In the embodiment described above, the posi-
tion in the up-down direction 7 of the horizontal plane
including the boundary between the storage chamber
121 and the flow passage 123 in the up-down direction
7 is defined as the position P2, and the space between
the position P1 and the position P2 is defined as the space
R. However, the space R may be defined with the position
P2 as a different position. For example, the space R may
be defined by defining a position that is lower than the
boundary between the storage chamber 121 and the flow
passage 123 in the up-down direction 7 and higher than
the position P1 as the position P2.
[0099] In the above-described embodiment, the ink
supply port 71 is sealed with the valve 77, but the ink
supply port 71 may be sealed with a film instead of the
valve 77. Further, the ink supply port 71 may be formed
by puncturing a needle in a seal member such as an
elastic resin having no through-hole, and when the nee-
dle is extracted from the seal member, the ink supply port
71 may be sealed by elasticity of the seal member. Fur-
thermore, the ink supply portion 34 does not need to be
achieved as a cylindrical member, and for example, a
through-hole formed in the front wall 41 of the casing 31
may be configured as a supply portion.
[0100] Further, in the embodiment described above,

the control unit 130 determines that the liquid level of the
ink stored in the storage chamber 121 of the tank 103
and the storage chamber 33 of the ink cartridge 30 is
positioned at the position P1 or lower in the up-down
direction 7 under the condition that the input signal from
the liquid level sensor 55 changes from the low-level sig-
nal to the high-level signal due to the state change of the
pivoting member 50. However, the control unit 130 may
determine that the liquid level of the ink stored in the
storage chamber 121 of the tank 103 and the storage
chamber 33 of the ink cartridge 30 is positioned at the
position P1 or lower in the up-down direction 7 under
conditions other than the condition described above.
[0101] For example, the control unit 130 may count the
number of dots of ink droplets ejected from the recording
head 21 after the input signal outputted from the liquid
level sensor 55 changes from the low-level signal to the
high-level signal due to the state change of the pivoting
member 50. Further, the control unit 130 may determine
that the liquid level of the ink stored in the storage cham-
ber 121 of the tank 103 and the storage chamber 33 of
the ink cartridge 30 is positioned at a predetermined po-
sition lower than the position P1 in the up-down direction
7 under condition that the dot count value is equal to or
more than a predetermined value. Further, the predeter-
mined value is determined on the basis of the internal
volume of the storage chamber 121 below the connecting
portion 107.
[0102] In the above embodiment, the attachment sen-
sor 113 and the liquid level sensor 55 are optical sensors
each having a light-emitting element and a light-receiving
element. However, the attachment sensor 113 and the
liquid level sensor 55 may be sensors of a type different
from the optical sensor, such as a proximity sensor.
[0103] In the above embodiment, the liquid level of the
ink stored in the storage chamber 121 becoming lower
than the position P1 was detected on the basis of pivoting
of the pivoting member 50 disposed in the storage cham-
ber 121 of each tank 103. However, the detection may
be performed by methods other than pivoting of the piv-
oting member 50.
[0104] For example, a prism may be disposed at the
same height as the position P1 in the storage chamber
121 of each tank 103. On the basis of facts that the
traveling direction of the light incident on the prism is
different depending on whether or not the liquid level of
the ink stored in the storage chamber 121 is higher than
the prism, it may be detected whether or not the liquid
level of the ink stored in the storage chamber 121 is equal
to or lower than the position P1.
[0105] Further, for example, two electrodes may be
disposed in the storage chamber 121 of each tank 103.
The lower end of one of the two electrodes may be at a
position slightly higher than the position P1, whereas the
lower end of the other of the two electrodes may be lo-
cated below the position P1. Thus, it may be detected
whether or not the liquid level of the ink stored in the
storage chamber 121 is equal to or lower than the position
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P1 according to whether or not the current flows between
the two electrodes through the ink.
[0106] Further, each of the above-described detectors
may be provided in the storage chambers 32 and 33 of
the ink cartridge 30 instead of the tank 103.
[0107] In the above-described embodiment, both of the
connecting portion 107 of the cartridge attachment por-
tion 110 and the ink supply portion 34 of the ink cartridge
30 extend in the horizontal direction. Further, the ink car-
tridge 30 is attached to the cartridge attachment portion
110 by being inserted into the cartridge attachment por-
tion 110 in the horizontal direction. At this time, the con-
necting portion 107 and the ink supply portion 34 are
connected to each other in the horizontal direction. How-
ever, the ink cartridge 30 may be attached to the cartridge
attachment portion 110 by being inserted into the car-
tridge attachment portion 110 in a direction other than
the horizontal direction, for example, in the up-down di-
rection 7.
[0108] In this case, for example, the connecting portion
107 protrudes upward from the cartridge case 101. Fur-
ther, the ink supply portion 34 protrudes downward from
the bottom wall of the ink cartridge 30. Note that, in this
case, the position P1 is set, for example, at the center
position of the connecting portion 107 in the up-down
direction 7 or the center position of the ink supply portion
34 in the up-down direction 7.
[0109] In the embodiment described above, the ink is
described as an example of a liquid. However, instead
of the ink, for example, a pretreatment liquid emitted onto
the sheet prior to the ink at the time of image forming
may be stored in the ink cartridge 30 and the tank 103.
Further, water for cleaning the recording head 21 may
be stored in the ink cartridge 30 and the tank 103.

Claims

1. An image forming apparatus (10) comprising:

a cartridge (30) comprising:

a first storage chamber (32, 33) configured
to store a liquid;
a first air communication portion (96) allow-
ing the first storage chamber to be commu-
nicated with an atmosphere; and
a supply portion (34) configured to supply
the liquid stored in the first storage chamber;

a cartridge attachment portion (110) comprising:

a connecting portion (107) disposed at a first
height (P1) and connectable to the supply
portion;
a liquid flow-in port (129) allowing the liquid
stored in the first storage chamber and flow-
ing through the connecting portion connect-

ed to the supply portion to pass through the
liquid flow-in port;
a second storage chamber (121, 123) con-
figured to store the liquid passed through
the liquid flow-in port;
a second air communication portion (124)
allowing the second storage chamber to be
communicated with the atmosphere; and
a liquid flow-out port (128) disposed at a po-
sition below the liquid flow-in port and allow-
ing the liquid stored in the second storage
chamber to flow out of the second storage
chamber;

a detecting portion (55) configured to detect one
of a level of the liquid stored in the first storage
chamber and at a position adjacent to the supply
portion and a level of the liquid stored in the sec-
ond storage chamber and at a position adjacent
to the connecting portion; and
a recording portion (24) comprising a nozzle (29)
through which the liquid flowed out of the second
storage chamber through the liquid flow-out port
is ejected,
wherein the first storage chamber has a first
cross-sectional area (S1) taken along a horizon-
tal plane at a predetermined height between the
first height and a second height (P2) above the
first height, and the second storage chamber
has a second cross-sectional area (S2) taken
along the horizontal plane, the second cross-
sectional area being greater than the first cross-
sectional area.

2. The image forming apparatus according to claim 1,
wherein the second storage chamber includes a first
portion (121), and a second portion (123) positioned
above the first portion and having a cross-sectional
area (S4) smaller than that (S2) of the first portion,
the second height being a boundary between the
first portion and the second portion.

3. The image forming apparatus according to claim 1
or 2, wherein the first cross-sectional area (S1) taken
along the horizontal plane at the first height (P1) is
smaller than the first cross-sectional area (S1) taken
along the horizontal plane at the second height (P2).

4. The image forming apparatus according to any one
of claims 1 through 3, further comprising: a controller
(130),
wherein the detecting portion (55) is configured to
output a detection signal as a result of detection of
the level of the liquid stored in the second storage
chamber being at a position adjacent to the connect-
ing portion, and
wherein the controller is configured to:
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determine non-existence of the liquid in the first
storage chamber according to the detection sig-
nal outputted from the detecting portion; and
notify a user of a replacement of the cartridge
with a new cartridge.

5. The image forming apparatus according to any one
of claims 1 through 4, wherein the first storage cham-
ber has a third cross-sectional area (S3) taken along
a specific horizontal plane at a height above the sec-
ond height (P2), and
wherein the second storage chamber has a fourth
cross-sectional area (S4) taken along the specific
horizontal plane, the third cross-sectional area being
greater than the fourth cross-sectional area.

6. The image forming apparatus according to claim 5,
wherein the fourth cross-sectional area (S4) is small-
er than the second cross-sectional area (S2).

7. The image forming apparatus according to claim 5
or 6, wherein the first storage chamber (32, 33) has
an internal volume greater than that of the second
storage chamber (121, 123).

8. The image forming apparatus according to any one
of claims 1 through 7, wherein the cartridge is insert-
ed into the cartridge attachment portion in an insert-
ing direction parallel to a horizontal direction and ex-
tracted from the cartridge attachment portion in an
extracting direction parallel to the horizontal direction
and opposite to the inserting direction,
wherein the supply portion comprises a cylinder por-
tion (34) extending in the inserting direction and hav-
ing a first end that is open, the first end facing in the
inserting direction,
wherein the connecting portion comprises a needle
(102) extending in the extracting direction and having
a second end (116) that is open, the second end
facing in the extracting direction, and
wherein the connecting portion is connected to the
supply portion by inserting the second end of the
needle into the first end of the cylinder portion.

9. The image forming apparatus according to claim 8,
wherein the needle has an axis parallel to the hori-
zontal direction, and a center of the axis is disposed
at the first height (P1).

10. An image forming system (10) comprising:

a cartridge (30) comprising:

a first storage chamber (32, 33) configured
to store a liquid;
a first air communication portion (96) allow-
ing the first storage chamber to be commu-
nicated with an atmosphere; and

a supply portion (34) configured to supply
the liquid stored in the first storage chamber,
and

an image forming apparatus comprising:

a cartridge attachment portion (110) com-
prising:

a connecting portion (107) disposed at
a first height (P1) and connectable to
the supply portion;
a liquid flow-in port (129) allowing the
liquid stored in the first storage cham-
ber and flowing through the connecting
portion connected to the supply portion
to pass through the liquid flow-in port;
a second storage chamber (121, 123)
configured to store the liquid passed
through the liquid flow-in port;
a second air communication portion
(124) allowing the second storage
chamber to be communicated with the
atmosphere; and
a liquid flow-out port (128) disposed at
a position below the liquid flow-in port
and allowing the liquid stored in the sec-
ond storage chamber to flow out of the
second storage chamber;

a detecting portion (55) configured to detect
one of a level of the liquid stored in the first
storage chamber and at a position adjacent
to the supply portion and a level of the liquid
stored in the second storage chamber and
at a position adjacent to the connecting por-
tion; and
a recording portion (24) comprising a nozzle
(29) through which the liquid flowed out of
the second storage chamber through the
liquid flow-out port is ejected,

wherein the first storage chamber has a first
cross-sectional area (S1) taken along a horizon-
tal plane at a height between the first height and
a second height (P2) above the first height, and
the second storage chamber has a second
cross-sectional area (S2) taken along the hori-
zontal plane, the second cross-sectional area
being greater than the first cross-sectional area.

11. An image forming apparatus (10) comprising:

a cartridge (30) comprising:

a first storage chamber (32, 33) configured
to store a liquid;
a first air communication portion (96) allow-
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ing the first storage chamber to be commu-
nicated with an atmosphere; and
a supply portion (34) configured to supply
the liquid stored in the first storage chamber;

a cartridge attachment portion (110) comprising:

a connecting portion (107) connectable to
the supply portion; and
a tank (103) comprising:

a liquid flow-in port (129) allowing the
liquid stored in the first storage cham-
ber and flowing through the connecting
portion connected to the supply portion
to pass through the liquid flow-in port;
a second storage chamber (121, 123)
configured to store the liquid passed
through the liquid flow-in port;
a second air communication portion
(124) allowing the second storage
chamber to be communicated with the
atmosphere; and
a liquid flow-out port (128) disposed at
a position below the liquid flow-in port
and allowing the liquid stored in the sec-
ond storage chamber to flow out of the
second storage chamber;

a detecting portion (55) configured to detect one
of a level of the liquid stored in the first storage
chamber and at a first height (P1) adjacent to
the supply portion and a level of the liquid stored
in the second storage chamber and at the first
height adjacent to the connecting portion; and
a recording portion (24) comprising a nozzle (29)
through which the liquid flowed out of the second
storage chamber through the liquid flow-out port
is ejected,
wherein the first storage chamber has a first
cross-sectional area (S1) taken along a horizon-
tal plane at a height between the first height and
a second height (P2) above the first height, and
the second storage chamber has a second
cross-sectional area (S2) taken along the hori-
zontal plane, the second cross-sectional area
being greater than the first cross-sectional area.

12. An image forming system (10) comprising:

a cartridge (30) comprising:

a first storage chamber (32, 33) configured
to store a liquid;
a first air communication portion (96) allow-
ing the first storage chamber to be commu-
nicated with an atmosphere; and
a supply portion (34) configured to supply

the liquid stored in the first storage chamber;
and

an image forming apparatus comprising:

a cartridge attachment portion (110) com-
prising:

a connecting portion (107) connectable
to the supply portion; and
a tank (103) comprising:

a liquid flow-in port (129) allowing
the liquid stored in the first storage
chamber and flowing through the
connecting portion connected to
the supply portion to pass through
the liquid flow-in port;
a second storage chamber (121,
123) configured to store the liquid
passed through the liquid flow-in
port;
a second air communication por-
tion (124) allowing the second stor-
age chamber to be communicated
with the atmosphere; and
a liquid flow-out port (128) dis-
posed at a position below the liquid
flow-in port and allowing the liquid
stored in the second storage cham-
ber to flow out of the second stor-
age chamber;

a detecting portion (55) configured to detect
one of a level of the liquid stored in the first
storage chamber and at a first height (P1)
adjacent to the supply portion and a level of
the liquid stored in the second storage
chamber and at the first height adjacent to
the connecting portion; and
a recording portion (24) comprising a nozzle
(29) through which the liquid flowed out of
the second storage chamber through the
liquid flow-out port is ejected,

wherein the first storage chamber has a first
cross-sectional area (S1) taken along a horizon-
tal plane at a height between the first height and
a second height (P2) above the first height, and
the second storage chamber has a second
cross-sectional area (S2) taken along the hori-
zontal plane, the second cross-sectional area
being greater than the first cross-sectional area.
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