EP 3 753 737 A1

(19)

Europdisches
Patentamt

European
Patent Office

9

Office européen

des brevets (11) EP 3753 737 A1
(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:
23.12.2020 Bulletin 2020/52 B41J 2/175 (2006.01)
(21) Application number: 20186598.7
(22) Date of filing: 28.09.2016
(84) Designated Contracting States: « ONO, Akihito

AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
16191126.8 / 3 300 897
(71) Applicant: Brother Kogyo Kabushiki Kaisha
Aichi 467-8561 (JP)

(72) Inventors:
¢ KOBAYASHI, Tetsuro
Nagoya-shi, Aichi 467-8562 (JP)
* TOMOGUCHI, Suguru
Nagoya-shi, Aichi 467-8562 (JP)

Nagoya-shi, Aichi 467-8562 (JP)
¢ NUKUI, Kosuke
Nagoya-shi, Aichi 467-8562 (JP)
« TAKAHASHI, Hiroaki
Nagoya-shi, Aichi 467-8562 (JP)
¢ OKAZAKI, Naoya
Nagoya-shi, Aichi 467-8562 (JP)
(74) Representative: Priifer & Partner mbB
Patentanwailte - Rechtsanwailte
SohnckestraBe 12
81479 Miinchen (DE)

Remarks:

This application was filed on 17-07-2020 as a
divisional application to the application mentioned
under INID code 62.

(54) LIQUID CARTRIDGE

(67)  Thepresentinvention relates to a liquid cartridge
(30) storing liquid therein and configured to be mounted
on a cartridge mounting portion, the liquid cartridge com-
prises a liquid supply port (71), a third wall (133) extend-
ing between upper end portions of first and second walls
(128, 129); and a prism (78) having an irradiated surface
(78A) configured to receive light emitted from a light emit-

ting portion included in the cartridge mounting portion
and change the state of received light in response to a
level of stored liquid, wherein the liquid supply port (71)
is positioned below the third wall in a downward direction;
and the irradiated surface is positioned above the third
wall in an upward direction and positioned between the
first and second walls (128, 129).
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a liquid car-
tridge configured to store liquid.

2. Description of Related Art

[0002] There has been known an ink cartridge includ-
ing a remaining amount detecting portion having a prism
(Patent document 1). The remaining amount detecting
portion is disposed in a storage chamber in which ink is
stored. In the ink cartridge, it is determined, based on
whether reflection of light emitted toward the remaining
amount detecting portion from a light emitting portion has
reached a light receiving portion, whether a remaining
amount of ink stored in the storage chamber is low or
not. The light emitting portion and the light receiving por-
tion are disposed in a printer to which the ink cartridge
is attached. In a state where the remaining amount of ink
stored in the storage chamber is high and the remaining
amount detecting portion is full of ink, in the ink cartridge,
light emitted toward the remaining amount detecting por-
tion is refracted at an ink layer in the remaining amount
detecting portion and all the light s reflected from aninner
wall of the remaining amount detecting portion. There-
fore, nolight reaches the light receiving portion. In a state
where the remaining amount of ink stored in the storage
chamber is low and the remaining amount detecting por-
tion is empty of ink, light emitted toward the remaining
amount detecting portion travels in straight lines in an air
layer in the remaining amount detecting portion. Thus,
the light reaches the light receiving portion.

[Patent Document 1]

[0003] Japanese Laid-Open Patent Application JP
2012-96449 A

SUMMARY OF THE INVENTION

[0004] The remaining amount detecting portion is dis-
posed at the front of the ink cartridge. An ink supply port
configured to supply ink stored in the storage chamber
to the printer having the ink cartridge attached is also
disposed at the front of the ink cartridge. Therefore, at
the time of removing the ink cartridge from the printer,
ink adhering to the ink supply port may spatter on the
remaining amount detecting portion. If the ink cartridge
is attached to the printer with ink adhering to the remain-
ing amount detecting portion, light emitted from the light
emitting portion may impinge on ink and may be refract-
ed. As a result, whether the ink remaining amount is low
may be determined incorrectly.

[0005] The present invention has been made in light
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of the above-described circumstances, and itis an object
of the present invention to provide for a liquid cartridge
that may enable precise detection of a liquid remaining
amount.

[0006] In accordance to a first invention within the
present disclosure, this object is achieved by the liquid
cartridge storing liquid therein and configured to be
mounted on a cartridge mounting portion, the liquid car-
tridge comprising: a liquid supply port configured to pro-
vide communication between an interior and an exterior
of the liquid cartridge; a first wall extending along an up-
ward direction, a downward direction, a rightward direc-
tion, and a leftward direction and having the liquid supply
port; a second wall spaced from the firstwall in arearward
direction orthogonal to the upward direction and the right-
ward direction, the second wall extending in the upward
direction, the downward direction, the rightward direc-
tion, and the leftward direction; a third wall between an
upper end portion ofthe firstwalland an upper end portion
of the second wall, the third wall extending in a frontward
direction, the rear direction, the right ward direction, and
the leftward direction; and a prism having an irradiated
surface configured to receive light emitted from a light
emitting portion included in the cartridge mounting por-
tion and change the state of received light in response
to a level of stored liquid, wherein: the liquid supply port
is positioned below the third wall in the downward direc-
tion; and the irradiated surface is positioned above the
third wall in the upward direction and positioned between
the first wall and the second wall.

[0007] According to the configuration, the liquid supply
port is below the third wall and the prism is above the
third wall. Additionally, the prism is between the first and
second walls. Therefore, this configuration may reduce
arisk of splashes of ink adhering to the liquid supply port
onto the prism. Accordingly, in a case where the remain-
ing amount of liquid stored in the liquid cartridge is de-
tected by light emission from the light emitting portion
toward the irradiated surface, this configuration may re-
duce a risk that whether the liquid remaining amount is
low or not is detected incorrectly.

[0008] The liquid cartridge can further comprise a first
storage chamber having a first communication opening;
and a second storage chamber extending between the
first communication opening of the first storage chamber
and the liquid supply port, wherein the prism can be po-
sitioned in the second storage chamber.

[0009] The first and second storage chambers can be
positioned between the first and second walls; and the
first storage chamber can be confined by the first wall,
the second wall and the third wall.

[0010] A maximum liquid level in the second storage
chamber can be higher than a maximum liquid level in
the first storage chamber.

[0011] The second storage chamber can be a liquid
channel, and the second storage chamber can have a
longer length along a flow direction that liquid flows than
a perimeter of a cross-section of the second storage
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chamber cutin a direction orthogonal to the flow direction.
[0012] The liquid channel can include a first channel
located behind the first storage chamber in the rearward
direction; a second channel located above the first stor-
age chamber in the upward direction and contiguous to
the first channel; and a third channel located in front of
the first storage chamber in the frontward direction and
contiguous to the second channel, the third channel com-
municating with the liquid supply port.

[0013] The second channel can define a remaining
amount detecting portion positioned above the first stor-
age chamber, and the prism can be positioned in the
remaining amount detecting portion.

[0014] Normally,inthe liquid cartridge, the prism is dis-
posed at a position where the remaining amount of liquid
stored in the liquid cartridge can be detected that the
remaining amount of liquid stored in the liquid cartridge
has become a predetermined amount. In the above-de-
scribed configurations, the prism is disposed in the liquid
channel. The amount of liquid stored in the liquid channel
can be grasped more precisely than the amount of liquid
stored in the first storage chamber. Therefore, according
to the configuration, the predetermined amount may be
established precisely.

[0015] The remaining amount detecting portion can in-
clude a raised portion protruding upward from an inner
lower surface of the second channel.

[0016] The prism can be positioned on the raised por-
tion of the remaining amount detecting portion.

[0017] According to the configuration, the remaining
amount detecting portion includes a raised portion pro-
truding upward from the lower surface of the liquid chan-
nel. If air is present in the liquid channel, the air may be
positioned at the upper portion of the liquid channel in
many cases. Therefore, this configuration may reduce
the risk of incorrect detection that may be caused when
light is emitted toward the prism.

[0018] The third channel can define a first buffer cham-
ber between the remaining amount detecting portion and
the liquid supply port.

[0019] Normally,inthe liquid cartridge, the prism is dis-
posed at a position where the remaining amount of liquid
stored in the liquid cartridge can be detected that the
remaining amount of liquid stored in the liquid cartridge
has become a predetermined amount. According to the
configuration, the first buffer chamber is configured to
store liquid therein. Therefore, a larger amount may be
established for the predetermined amount.

[0020] The second channel can define a second buffer
chamber between the remaining amount detecting por-
tion and the first storage chamber.

[0021] If air is present in a portion at which the prism
is disposed, the liquid remaining amount may be detected
incorrectly when light is emitted to the remaining amount
detecting portion. According to the configuration, even if
air intrudes into the liquid channel from the first storage
chamber, the second buffer chamber may trap the intrud-
ed air therein. This configuration may reduce a risk that
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airintrudes into the portion at which the prism is disposed.
As a result, this configuration may reduce the risk of in-
correct detection that may be caused when light is emit-
ted toward the remaining amount detecting portion.
[0022] The liquid channel can define a communication
port positioned between the remaining detecting portion
and the second buffer chamber, a cross-sectional area
of the communication port cut in a direction orthogonal
to the flow direction can be smaller than a cross-sectional
area of the second buffer chamber cut in a direction or-
thogonal to the flow direction; and the cross-sectional
area of the communication port of cut in a direction or-
thogonal to the flow direction can be smaller than a cross-
sectional area of the remaining amount detecting portion
cut in a direction orthogonal to the flow direction.
[0023] According to the configuration, even if air in-
trudes into the liquid channel from the first storage cham-
ber, this configuration may reduce a risk that the air
moves to the remaining amount detecting portion.
[0024] The liquid cartridge can further comprise a dif-
ferential pressure regulating valve between the first stor-
age chamber and the liquid channel, the differential pres-
sure regulating valve can be configured to open and close
the first communication opening in accordance with pres-
sure difference caused between the first storage cham-
ber and the liquid channel.

[0025] The second storage chamber can have a sec-
ond communication opening, the liquid channel can ex-
tend between the second communication opening and
the liquid supply port, the differential pressure regulating
valve can include: a first sphere proximate the first com-
munication opening and configured to open the first com-
munication opening by moving due to buoyancy based
on liquid stored in the first storage chamber; and a second
sphere proximate the second communication opening
and configured to open the second communication open-
ing in accordance with the pressure in the liquid channel
becoming less than the pressure in the first storage
chamber.

[0026] The liquid cartridge can comprise a film defining
a portion of the first storage chamber, and the differential
pressure regulating valve can be configured to open the
first communication opening by moving in accordance
with deformation of the film.

[0027] If air is present in a portion at which the prism
is disposed, the liquid remaining amount may be detected
incorrectly when light is emitted to the remaining amount
detecting portion. According to the configuration, the dif-
ferential pressure regulating valve may shut communi-
cation between the first storage chamber and the liquid
channel. Therefore, this configuration may avoid intru-
sion of air included in the first storage chamber into the
liquid channel, which may result in avoiding the incorrect
detection.

[0028] The liquid cartridge can further comprise a re-
flector configured to reflect, in the upward direction, light
emitted along the rightward and leftward directions, and
theirradiated surface can be disposed above the reflector
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in the upward direction.

[0029] According to this configuration, the reflector re-
flects lightin the upward direction. With this configuration,
the prism may be disposed at the position where the
prism is positioned at a far higher level from the ink supply
port irrespective of the location of the light emitting por-
tion.

[0030] The liquid cartridge can further comprise a cir-
cuit board including an electrode, wherein the prism can
be disposed at a higher level than the circuit board in the
upward direction.

[0031] Normally, while the liquid cartridge is being in-
serted into or removed from an apparatus such as a print-
er, the electrode of the circuit board contacts the appa-
ratus. The contact there-between may produce shavings
ofthe electrode. According to the configuration, the prism
is disposed at the higher level than the circuit board in
the upward direction. Therefore, this configuration may
reduce a risk of adhesion of the shavings to the prism.
[0032] An angle between the irradiated surface of the
prism and a surface of the third wall can be 45°.

[0033] According to the liquid cartridge of the present
invention, the precise detection of the liquid remaining
amount may be implemented.

[0034] In accordance to a second invention within the
present disclosure, a liquid cartridge comprises, as es-
sential features, the liquid supply port configured to pro-
vide communication between an interior and an exterior
of the liquid cartridge; the first storage chamber having
afirstcommunication opening; the second storage cham-
ber extending between the first communication opening
of the first storage chamber and the liquid supply port;
and the prism including a first inclined surface configured
to change the state of received lightin response to a level
of liquid contained in the second storage chamber,
wherein a higher portion of the second storage chamber
is positioned above the first storage chamber, the liquid
supply port is at a lower level than the higher portion of
the second storage chamber, the prism is in the higher
portion of the second storage chamber and is above the
first storage chamber.

[0035] According to the prior art JP 2012 96449 A, the
prism of the remaining detecting amount portion is direct-
ly above the ink supply port. In contrast, according to a
cartridge of the second invention, the prism is above the
ink supply port but the prism is not directly above the ink
supply port. That is, a distance from the prism to the ink
supply port in the cartridge of the second invention is
longer than a distance from the prism to the ink supply
port in the prior art. So, the configuration of the cartridge
of the second invention may reduce a risk that whether
the liquid remaining amount is low or not is detected in-
correctly than the prior art.

[0036] The second storage chamber can be a liquid
channel that connects between the first storage chamber
and the liquid supply port, and the second storage cham-
ber can have a longer length along a flow direction that
liquid flows than a perimeter of a cross-section of the
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second storage chamber cut in a direction orthogonal to
the flow direction. The second storage chamber can in-
clude a first channel located behind the second storage
chamber; a second channel located above the second
storage chamber and contiguous to the first channel and
corresponding to the higher portion of the second storage
chamber; and a third channel located in front of the sec-
ond storage chamber and contiguous to the second
channel, and wherein the third channel can be in com-
munication with the liquid supply port. The prism can be
positioned in the second channel.

[0037] Thereby, the same advantages can be
achieved like for claims 2 to 7 of the first invention.
[0038] The third channel can define afirst buffer cham-
ber between the prism and the liquid supply port, and the
first buffer chamber extends farther towards the first
channel than a remaining portion of the third channel.
The first buffer chamber can be positioned below the
prism.

[0039] Thereby, the same advantages can be
achieved like for claim 10 of the first invention.

[0040] The second channel can define a second buffer
chamber between the prism and the first communication
opening, and the second buffer chamber can extend
higher than a remaining portion of the second channel.
The second channel can define a remaining amount de-
tection portion having the prism therein; the second chan-
nel can define a communication port between the second
buffer and the remaining amount detection portion; a
cross-sectional area of the communication port of the
second channel can be smaller than a cross-sectional
area of the second buffer chamber; and the cross-sec-
tional area of the communication port of the second chan-
nel can be smaller than a cross-sectional area of the re-
maining amount detecting portion.

[0041] Thereby, the same advantages can be
achieved like for claim 11 of the first invention.

[0042] The liquid cartridge can further comprise a
raised portion protruding upwards into the remaining
amount detection portion from an inner lower surface of
the second channel.

[0043] Thereby, the same advantages can be
achieved like for claim 9 of the first invention.

[0044] The raised portion can includes a surface posi-
tioned to face the first inclined surface of the prism. The
raised portion can include a reflector positioned to face
the first inclined surface. The reflector can be positioned
below the first inclined surface of the prism.

[0045] Thereby, the same advantages can be
achieved like for claim 16 of the first invention.

[0046] The liquid cartridge can further comprise a dif-
ferential pressure regulating valve configured to open
and close the first communication opening in accordance
with pressure difference caused between the first storage
chamber and the second storage chamber. The first stor-
age chamber can have a second communication open-
ing, the second storage chamber can extends between
the second communication opening and the liquid supply
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port, the pressure regulating valve can include: a first
sphere proximate the first communication opening and
configured to open the first communication opening by
moving due to buoyancy based on liquid stored in the
first storage chamber ;and a second sphere proximate
the second communication opening and configured to
open the second communication opening in accordance
with the pressure in the second storage chamber becom-
ing less than the pressure in the first storage chamber.
The liquid cartridge can further comprise a film defining
a portion of the first storage chamber, wherein the differ-
ential pressure regulating valve can be configured to
open the first communication opening by moving in ac-
cordance with deformation of the film.

[0047] Thereby, the same advantages can be
achieved like for claim 13 to 15 of the first invention.
[0048] The liquid cartridge can further comprise a cir-
cuit board including an electrode, wherein the first in-
clined surface of the prism can be positioned at a higher
level than the circuit board.

[0049] Thereby, the same advantages can be
achieved like for claim 17 of the first invention.

[0050] The prism can further include a second inclined
surface configured to change the state of received light
in response to a level of liquid contained in the second
storage chamber; and the second inclined surface can
be perpendicular to the first inclined surface.

[0051] The liquid cartridge can further comprise a bot-
tom wall positioned below both the first and second stor-
age chambers, wherein a surface of the bottom wall can
intersect the first inclined surface of the prism.

[0052] An angle between the first inclined surface of
the prism and the surface of the bottom wall can be 45°.
[0053] The liquid cartridge can further comprise a first
wall having the liquid supply port; a second wall spaced
rearward from the first wall, a third wall between the first
and second walls, wherein the first and second storage
chambers can be between the first and second walls, the
first storage chamber can be positioned above the third
wall, the second storage chamber can be partially above
the third wall, the liquid supply port can below the third
wall, and the prism can be above the third wall.

BRIEF DESCRIPTION OF THE DRAWINGS
[0054]

Fig. 1 is a schematic sectional view illustrating an
internal configuration of a printer including a car-
tridge mounting portion.

Fig. 2 is a schematic cross-sectional view illustrating
the cartridge mounting portion 110.

Fig. 3 is a perspective view of an ink cartridge.

Fig. 4A is a schematic cross-sectional view of the
ink cartridge.

Fig. 4B is a schematic sectional view taken along
line IV-IV of Fig. 4A.

Fig. 5A is a sectional view taken along line V-V of
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Fig. 4A, wherein an opening is closed.

Fig. 5B is a sectional view taken along line V-V of
Fig. 4A, wherein the opening is opened.

Fig. 6 is a schematic cross-sectional view of the ink
cartridge, of which a raised portion is positioned be-
tween a light emitting portion and a light receiving
portion.

Fig. 7A is a schematic cross-sectional view of an ink
cartridge in a first variation.

Fig. 7B is a schematic sectional view taken along
line VII-VII of Fig. 7A.

Fig. 8A is a schematic cross-sectional view of an ink
cartridge in a second variation, wherein an opening
is opened.

Fig. 8B is a schematic cross-sectional view of the
ink cartridge in the second variation, wherein the
opening is closed.

Fig. 9A is a schematic cross-sectional view of the
ink cartridge in the second variation, wherein an ink
channel is under negative pressure.

Fig. 9B is a schematic cross-sectional view of the
ink cartridge in the second variation, wherein an
opening is opened.

Fig. 10 is a block diagram illustrating a controller 1.
Fig. 11Aillustrates changes in signal outputted from
an optical sensor during insertion of the ink cartridge.
Fig. 11B illustrates changes in signal outputted from
the optical sensor during decrease of ink stored in
the ink cartridge.

Fig. 12 is a flowchart for explaining detection of in-
sertion of the ink cartridge into the cartridge mounting
portion.

Fig. 13 is a sectional diagram taken along line IV-IV
of Fig. 4A in another variation.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0055] Hereinafter, an embodiment of the present in-
vention will be described with reference to the accompa-
nying drawings. The embodiment described below is
merely an example in which the invention is implement-
ed. Needless to say, various changes, arrangements and
modifications may be applied therein without departing
from the spirit and scope of the invention

[0056] In the description below, a direction that an ink
cartridge 30 is inserted into a cartridge mounting portion
110 during the intended use is defined as a frontward
direction 51. A direction that is opposite to the frontward
direction 51 and that the ink cartridge 30 is removed from
the cartridge mounting portion 110 is defined as a rear-
ward direction 52. In the embodiment, both of the front-
ward direction 51 and the rearward direction 52 are the
horizontal direction but might not necessarily be the hor-
izontal direction.

[0057] Adirection orthogonal to the frontward direction
51 and the rearward direction 52 is defined as an upward
direction 54. A direction opposite to the upward direction
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54 is defined as a downward direction 53. In the embod-
iment, the upward direction 54 is an upward direction in
the vertical direction and the downward direction 53 is a
downward direction in the vertical direction. Neverthe-
less, the upward direction 54 and the downward direction
53 might not necessarily be the vertical direction.

[0058] Directions orthogonal to the frontward direction
51 and the downward direction 53 are defined as a right-
ward direction 55 and a leftward direction 56, respective-
ly. More specifically, in a state where the ink cartridge 30
is completely mounted on the cartridge mounting portion
110 (e.g., in a state where the ink cartridge 30 is in a use
position), when the ink cartridge 30 is viewed along the
frontward direction 51, i.e., when the ink cartridge 30 is
viewed from the rear, the direction pointing to the right is
defined as the rightward direction 55 and the direction
pointing to the left is defined as the leftward direction 56.
In the embodiment, both of the rightward direction 55 and
the leftward direction 56 are the horizontal direction but
might not necessarily be the horizontal direction.

[Overview of Printer 10]

[0059] Asillustrated in Fig. 1, a printer 10 is configured
to record an image onto a sheet by selectively ejecting
ink droplets onto the sheet using an inkjet recording sys-
tem. The printer 10 includes a recording head 21, an ink
supply device 100, and an ink tube 20. The ink tube 20
connects between the recording head 21 and the ink sup-
ply device 100. The ink supply device 100 includes a
cartridge mounting portion 110. The cartridge mounting
portion 110 is configured to accommodate an ink car-
tridge 30 (as an example of a liquid cartridge). The car-
tridge mounting portion 110 has an opening 112 at one
end. The ink cartridge 30 is inserted into the cartridge
mounting portion 110 along the frontward direction 51
through the opening 112 or is removed from the cartridge
mounting portion 110 along the rearward direction 52
through the opening 112.

[0060] The ink cartridge 30 stores ink (as an example
of liquid) that can be used in the printer 10. In a state
where the ink cartridge 30 has been completely mounted
on the cartridge mounting portion 110, the ink cartridge
30 and the recording head 21 are connected with each
other via the ink tube 20. The recording head 21 includes
asub tank 28. The sub tank 28 temporarily stores therein
ink supplied thereto from the ink cartridge 30 through the
ink tube 20. The recording head 21 ejects, from nozzles
29 selectively, ink supplied from the sub tank 28. More
specifically, a head control board mounted on the record-
ing head 21 applies drive voltage selectively to piezoe-
lectric elements 29A provided for the respective nozzles
29, whereby ink is ejected from appropriate nozzles 29
selectively.

[0061] The printer 10 further includes a feed tray 15, a
feed roller 23, a conveyor roller pair 25, a platen 26, a
discharge roller pair 27, and a discharge tray 16. A sheet
fed into a conveyance path 24 by the feed roller 23 is
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conveyed onto the platen 26 by the conveyor roller pair
25. The recording head 21 selectively ejects ink onto the
sheet that is passing over the platen 26, thereby record-
ing an image onto the sheet. Through ink ejection, ink
stored in the ink cartridge 30 completely mounted on the
cartridge mounting portion 110 is reduced. The sheet
passed over the platen 26 is then discharged onto the
discharge tray 16 disposed at a downstream end of the
conveyance path 24, by the discharge roller pair 27.

[Ink Supply Device 100]

[0062] AsillustratedinFig. 1, the ink supply device 100
is included in the printer 10. The ink supply device 100
is configured to supply ink to the recording head 21 of
the printer 10. The ink supply device 100 includes the
cartridge mounting portion 110 for accommodating the
ink cartridge 30. Fig. 1 illustrates a state where the ink
cartridge 30 is completely mounted on the cartridge
mounting portion 110.

[Cartridge Holder 110]

[0063] As illustrated in Fig. 2, the cartridge mounting
portion 110 includes a casing 101, an ink needle 102
(refer to Fig. 1), an optical sensor 121, and a contact unit
160.

[0064] The casing 101isdivided into four compartment
spaces 103A that are arranged side by side in the right-
ward and leftward directions 55 and 56. The casing 101
is configured to accommodate four ink cartridges 30 of
respective colors, e.g., cyan, magenta, yellow, and black,
in the respective compartment spaces 103A.

[0065] Inthe description below, the ink needle 102, the
optical sensor 121, and the contact unit 160 are provided
for each of the ink cartridges 30. That is, in the embodi-
ment, four each of the ink needle 102, the optical sensor
121, and the contact unit 160 are provided. The same
components of the ink needles 102, the optical sensors
121, and the contact units 160 are disposed side by side
in the rightward and leftward directions 55 and 56. The
same components of the ink needles 102, the optical
sensors 121, and the contact units 160 have an identical
configuration. Therefore, one of the same components
of the ink needles 102, the optical sensors 121, and the
contact units 160 will be described in detail, and a de-
scription for the others will be omitted.

[Casing 101]

[0066] As illustrated in Fig. 2, the casing 101 defines
a housing of the cartridge mounting portion 110. The cas-
ing 101 has a box shape with an opening 112, and has
a top surface 115, a bottom surface 116, and a far-end
surface 117. The top surface 115 defines a top end of an
internal space 103 of the casing 101. The bottom surface
116 defines a bottom end of the internal space 103 of
the casing 101. The far-end surface 117 defines a front
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end of the internal space 103 of the casing 101 with re-
spect to the frontward direction 51. The far-end surface
117 connects between the top surface 115 and the bot-
tom surface 116. The opening 112 is defined behind the
far-end surface 117 in the rearward direction 52 and op-
posite to the far-end surface 117. The opening 112 may
be exposed at a user interface of the printer 10 which
faces the user at the time the user uses the printer 10.
The ink cartridges 30 are inserted into or removed from
the casing 101 through the opening 112. The casing 101
includes three plates (not illustrated) that divide the in-
ternal space 103 into the four compartment spaces 103A
having a longer length in the vertical direction. The ink
cartridges 30 are configured to be accommodated in the
respective compartment spaces 103A divided by the
plates.

[0067] The opening 112 of the casing 101 may be
closed and exposed by a cover (notillustrated). The cover
is attached to a rotating shaft (notillustrated) that extends
in the rightward and leftward directions 55 and 56 at a
vicinity of a lower end of the opening 112. This configu-
ration enables the cover to pivot on the rotating shaft
between a closed position at which the cover closes the
opening 112 and an open position at which the cover
exposes the opening 112. When the cover is located at
the open position, the user is allowed to insert or remove
one or more ink cartridges 30 into or from the cartridge
mounting portion 110 through the opening 112. When
the cover is located at the closed position, the user is not
allowed to insert or remove any ink cartridge 30 into or
from the cartridge mounting portion 110. Further, the user
is not allowed to access any ink cartridge 30 mounted on
the casing 101.

[0068] A coversensor 118 (referto Fig. 10)is disposed
at a vicinity of an upper end of the opening 112 of the
casing 101. The cover sensor 118 may detect whether
the cover sensor 118 is in contact with the cover. When
the cover is located at the closed position, an upper end
portion of the cover is in contact with the cover sensor
118 and the cover sensor 118 outputs a detection signal
to a controller 1 (refer to Figs. 1 and 10). When the cover
is not located at the closed position, the cover sensor
118 does not output a detection signal.

[Ink Needle 102]

[0069] As illustrated in Fig. 2, the ink needle 102 is a
resin hollow tube and is disposed at a lower portion of
the far-end surface 117 of the casing 101. The ink needle
102 is disposed at a particular position at the far-end
surface 117 of the casing 101 such that the location of
the ink needle 102 matches anink supply portion 34 (refer
to Fig. 3) of an ink cartridge 30 mounted on the cartridge
mounting portion 110. The ink needle 102 protrudes in
the rearward direction 52 from the far-end surface 117
of the casing 101.

[0070] A cylindrical guide portion 105 is disposed sur-
rounding the ink needle 102. The guide portion 105 pro-
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trudes in the rearward direction 52 from the far-end sur-
face 117 of the casing 101 and has an opening at its
protruding end. The ink needle 102 is disposed at the
center of the guide portion 105. The guide portion 105
has an appropriate shape for receiving entry of the ink
supply portion 34 of the ink cartridge 30 thereinto.
[0071] While an ink cartridge 30 is being inserted into
the cartridge mounting portion 110 in the frontward di-
rection 51, i.e., while an ink cartridge 30 is being moved
toward a completely mounted position in the cartridge
mounting portion 110, the ink supply portion 34 of the ink
cartridge 30 enters the guide portion 105. As the ink car-
tridge 30 is further inserted in the frontward direction 51
to the cartridge mounting portion 110 after the ink supply
portion 34 of the ink cartridge 30 enters the guide portion
105, the ink needle 102 penetrates an ink supply port 71
of the ink supply portion 34. Thus, the ink needle 102 and
the ink supply portion 34 are connected to each other.
Ink stored in a storage chamber 36 and an ink channel
44 (refer to Figs. 4A and 4B) defined inside the ink car-
tridge 30 flows into the ink tube 20 connected to the ink
needle 102 through an internal space 106 (refer to Fig.
4A) of the ink supply portion 34 and an internal space
104 of the ink needle 102. The ink needle 102 may have
a flat end or a pointed end.

[Optical Sensor 121]

[0072] As illustrated in Fig. 2, the optical sensor 121 is
disposed at the top surface 115 of the casing 101.
[0073] As illustrated in Fig. 4B, the optical sensor 121
includes a light emitting portion 122 and a light receiving
portion 123. The light emitting portion 122 and the light
receiving portion 123 face each other in the rightward
and leftward directions 55 and 56. The light emitting por-
tion 122 is disposed at a right end portion of one of the
partitioned compartment spaces 103A in the internal
space 10. The light receiving portion 123 is disposed at
aleft end portion of the same one of the partitioned com-
partment spaces 103A in the internal space 10. The lo-
cations of the light emitting portion 122 and the light re-
ceiving portion 123 may be exchanged to each other.
[0074] As illustrated in Fig. 2, the optical sensor 121 is
electrically connected to the controller 1 of the printer 10
via an electrical circuit. The controller 1 will be described
later.

[Contact Unit 160]

[0075] As illustrated in Fig. 2, the contact unit 160 is
disposed at the top surface 115 of the casing 101. The
contact unit 160 is disposed further to the front than op-
tical sensor 121 in the frontward direction 51. In other
words, the contact unit 160 is disposed at a front end
portion of the top surface 115. The contact unit 160 is
disposed at a particular location where, in a state where
the ink cartridge 30 is mounted on the cartridge mounting
portion 110, the contact unit 160 is positioned above a
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circuit board 64 (refer to Fig. 4A) of the ink cartridge 30
with facing the circuit board 64.

[0076] The contact unit 160 includes a contact 161 at
its lower surface. The contact 161 is disposed corre-
sponding to a location of an electrode (not illustrated)
mounted on an upper surface of the circuit board 64. An
arbitrary number of contacts 161 and electrodes may be
provided.

[0077] The contact 161 is electrically connected to the
controller 1 (refer to Figs. 1 and 10) of the printer 10 via
the electrical circuit. Establishment of electrical continuity
between the contact 161 and the electrode provides es-
tablishment of electrical continuity between the controller
1 and an IC of the ink cartridge 30.

[Ink Cartridge 30]

[0078] An ink cartridge 30 illustrated in Figs. 3 and 4
is a container for storing liquid such as ink. Spaces pro-
vided inside the ink cartridge 30 include the storage
chamber 36 and an ink channel 44 for storing ink. The
storage chamber 36 and the ink channel 44 are defined
by an internal frame 35 accommodated in a rear cover
31 and a front cover 32 both that define an exterior of the
ink cartridge 30. Nevertheless, the storage chamber 36
and the ink channel 44 may be defined by, for example,
the rear cover 31 and the front cover 32.

[0079] An orientation of the ink cartridge 30 illustrated
in Figs. 1, 3, 4A, and 4B corresponds to an orientation
of the ink cartridge 30 completely mounted on the car-
tridge mounting portion 110. The ink cartridge 30 includes
afront face 140, arear face 41, upper faces 39 and 141,
lower faces 42 and 142, side faces 37 and 143, and the
other side faces 38 and 144. The ink cartridge 30 illus-
trated in Figs. 1, 3, and 4 is oriented such that a direction
from the rear face 41 toward the front face 140 coincides
with the frontward direction 51, a direction from the front
face 140 toward the rear face 41 coincides with the rear-
ward direction 52, a direction from the upper faces 39
and 141 toward the lower faces 42 and 142 coincides
with the downward direction 53, and a direction from the
lower faces 42 and 142 toward the upper faces 39 and
141 coincides with the upward direction 54. While the ink
cartridge 30 is inserted into and mounted on the cartridge
mounting portion 110, the front face 140 faces the front-
ward direction 51, the rear face 41 faces the rearward
direction 52, the side faces 37 and 143 face the rightward
direction 55, the side faces 38 and 144 face the leftward
direction 56, the lower faces 42 and 142 face the down-
ward direction 53, and the upper faces 39 and 141 face
the upward direction 54.

[0080] As illustrated in Figs. 3 and 4, the ink cartridge
30 includes the rear cover 31, the front cover 32, and the
internal frame 35. The rear cover 31 has a substantially
rectangular parallelepiped shape. The front cover 32 in-
cludes the front face 140. The internal frame 35 defines
the storage chamber 36 and the ink channel 44. The rear
cover 31 and the front cover 32 are attached to the inter-
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nal frame 35 to define the exterior of the ink cartridge 30.
The internal frame 35 is accommodated in the rear cover
31 and the front cover 32. The ink cartridge 30 is narrow
in a dimension with respect to the rightward and leftward
directions 55 and 56 and has larger dimensions with re-
spect to the downward and upward directions 53 and 54
and the frontward and rearward directions 51 and 52 than
the dimension with respect to the rightward and leftward
directions 55 and 56. The rear face 41 is disposed op-
posite to the front face 140 of the front cover 32 across
the storage chamber 36.

[0081] An exterior of the ink cartridge 30 includes six
surfaces including the front face 140, the rear face 41,
the upper faces 39 and 141, the lower faces 42 and 142,
the side faces 37 and 143, and the side faces 38 and 144
mainly. The surface including the side faces 37 and 143
and the surface including the side faces 38 and 144 each
have the largest area among the six surfaces. The front
face 140 and the rear face 41 each extend in the upward
and downward directions 54 and 53 and in the rightward
and leftward directions 55 and 56. The upper faces 39
and 141 and the lower faces 42 and 142 each extend in
the frontward and rearward directions 51 and 52 and in
the rightward and leftward directions 55 and 56. The side
faces 37 and 143 and the side faces 38 and 144 each
extend in the frontward and rearward directions 51 and
52 andinthe upward and downward directions 54 and 53.
[0082] Each of the front, rear, upper, lower, and side
surfaces of the ink cartridge 30 might not necessarily be
constituted of a single face. That is, the front surface is
a surface that is visually recognized when the ink car-
tridge 30 is viewed along the rearward direction 52 and
thatis located further to the frontin the frontward direction
51 than the center of the ink cartridge 30 in the frontward
and rearward directions 51 and 52. The rear surface is
a surface that is visually recognized when the ink car-
tridge 30 is viewed along the frontward direction 51 and
that is located further to the rear in the rearward direction
52 than the center of the ink cartridge 30 in the frontward
and rearward directions 51 and 52. The upper surface is
a surface that is visually recognized when the ink car-
tridge 30 is viewed along the downward direction 53 and
that is located at a higher level in the upward direction
54 than the center of the ink cartridge 30 in the downward
and upward directions 53 and 54. The lower surface is a
surface that is visually recognized when the ink cartridge
30 is viewed along the upward direction 54 and that is
located at a lower level in the downward direction than
the center of the ink cartridge 30 in the downward and
upward directions 53 and 54. The side surfaces are de-
fined similarly. In the embodiment, the upper face 39 lo-
cated furtherto the rear than the upperface 141islocated
at a higher level than the upper face 39. Nevertheless,
the upper faces 39 and 141 may be located at the same
level in the upward and downward directions 54 and 53.
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[Rear Cover 31]

[0083] Asillustratedin Fig. 3, the rearcover 31includes
the side faces 37 and 38, the upper face 39, and the
lower face 42 that extend in the frontward direction 51
from the rear face 41. The side faces 37 and 38 are
spaced apart from each other in the rightward and left-
ward directions 55 and 56. The upper face 39 faces the
upward direction 54 and the lower face 42 faces the
downward direction 53. The rear cover 31 has a box
shape with an opening facing the frontward direction 51.
The rear cover 31 with the opening enables the internal
frame 35 to be inserted into the interior thereof through
the opening. That is, the rear cover 31 covers a rear por-
tion of the internal frame 35.

[Front Cover 32]

[0084] As illustrated in Fig. 3, the front cover 32 in-
cludes the side faces 143 and 144, the upper face 141,
and the lower surface 142 that extend in the rearward
direction 52 from the front face 140. The side faces 143
and 144 are spaced apart from each other in the rightward
and leftward directions 55 and 56. The upper face 141
and the lower surface 142 are spaced apart from each
other in the downward and upward directions 53 and 54.
The front cover 32 has a box shape with an opening facing
the rearward direction 52. The front cover 32 with the
opening enables the internal frame 35 to be inserted into
the interior thereof through the opening. That is, the front
cover 32 covers a front portion of the internal frame 35
that is the remainder portion of the internal frame 35
which is not covered by the rear cover 31.

[0085] The front cover 32 has an opening 97 at a lower
portion of the front face 140. The opening 97 penetrates
the lower portion of the front face 140 in the rearward
direction 52. The opening 97 exposes therethrough the
ink supply portion 34 of the internal frame 35 in a state
where the internal frame 35 is attached to the front cover
32. Therefore, the opening 97 is defined at a location
appropriate for the ink supply portion 34 of the internal
frame 35 and has a size and shape appropriate for the
ink supply portion 34 of the internal frame 35.

[0086] The front cover 32 supports the circuit board 64
at a front end portion of the upper face 141 thereof. The
circuit board 64 includes an electrode on its upper sur-
face. The electrode include, for example, a clock elec-
trode, a data electrode, a power supply voltage electrode,
and a ground electrode. The circuit board 64 includes an
IC (not illustrated), for example, that is electrically con-
nected to the electrode. The IC is a semiconductor inte-
grated circuit and stores data readably therefrom. The
data indicates information regarding the ink cartridge 30
(e.g., a lot number and/or a date of manufacture) and/or
information regarding ink (e.g., ink color). The circuit
board 64 has rigidness. So, the circuit board 64 is COB
(Chip On Board). Nevertheless, the circuit board 64 may
has flexibility. In this case, the circuit board 64 having
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flexibility is COF
(Chip On Film)

[0087] In a state where the ink cartridge 30 is com-
pletely mounted on the cartridge mounting portion 110,
the electrode is electrically continuous with the contact
161 (refer to Fig. 2) of the contact unit 160. Therefore,
the circuit board 64 is electrically connected to the con-
troller 1 via the electrode, the contact unit 160, and the
electrical circuit (refer to Fig. 1).

[0088] The upperface 141 of the front cover 32 has an
opening 73 and a raised portion 74.

[0089] The opening 73 is defined in a rear end portion
of the upperface 141. The opening 73 exposes a second
channel 46 of the internal frame 35 and a remaining
amount detecting portion 75 (refer to Fig. 4B) disposed
in the second channel 46 to the outside in a state where
the internal frame 35 is attached to the front cover 32.
Therefore, the opening 73 is defined at a location appro-
priate forthe second channel 46 and has a size and shape
appropriate for the second channel 46.

[0090] The raised portion 74 is disposed between the
circuit board 64 and the opening 73 at the upper face
141. The raised portion 74 protrudes in the upward di-
rection 54 from the upper face 141. The raised portion
74 has a size and shape capable of obstructing a path
for light emitted from the light emitting portion 122 toward
the light receiving portion 123 when the raised portion 74
is positioned between the light emitting portion 122 and
the light receiving portion 123 of the optical sensor 121.
The raised portion 74 has a substantially rectangular par-
allelepiped shape. Nevertheless, the raised portion 74
may have another shape.

[Internal Frame 35]

[0091] The internal frame 35 has a box shape with its
right end opened. As illustrated in Fig. 4, the internal
frame 35 has a left wall 126, a lower wall 127 (as an
example of an bottom wall), an outer front wall 128 (as
an example of a first wall), an outer rear wall 129 (as an
example of a second wall), an outer upper wall 130, an
inner front wall 131, an inner rear wall 132, and an inner
upper wall 133 (as an example of a third wall). The right
open end of the internal frame 35 is closed by a film 134
(refer to Figs. 5A and 5B), thereby defining the storage
chamber 36 (as an example of a first storage chamber)
and the ink channel 44 (as an example of a second stor-
age chamber and an example of a liquid channel) that
are capable of storing ink therein.

[0092] The left wall 126 extends in the frontward and
rearward directions 51 and 52 and in the upward and
downward directions 54 and 53. The lower wall 127 ex-
tends in the rightward direction 55 from a lower end of
the left wall 126. The lower wall 127 extends in the front-
ward and rearward directions 51 and 52 and in the right-
ward and leftward directions 55 and 56.
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[0093] Theouterfrontwall 128 extendsinthe rightward
direction 55 from a front end of the left wall 126. The outer
rear wall 129 extends in the rightward direction 55 from
a rear end of the left wall 126. That is, the outer rear wall
129is spaced from the outer front wall 128 in the rearward
direction 52. The outer upper wall 130 extends in the
rightward direction 55 from an upper end of the left wall
126. A lower end of the outer front wall 128 is contiguous
to the lower wall 127. An upper end of the outer front wall
128 is contiguous to the outer upper wall 130. A lower
end of the outer rear wall 129 is contiguous to the lower
wall 127. An upper end of the outer rear wall 129 is con-
tiguous to the outer upper wall 130.

[0094] Theinnerfrontwall 131 extends in the rightward
direction 55 from a position where corresponds to a front
end portion of the leftwall 126 and where is located further
to the rear than the outer front wall 128 in the rearward
direction 52. The inner rear wall 132 extends in the right-
ward direction 55 from a position where corresponds to
arear end portion of the left wall 126 and where is located
further to the front than the outer rear wall 129 in the
frontward direction 51. The inner upper wall 133 extends
in the rightward direction 55 from a position where cor-
responds to an upper end portion of the left wall 126 and
where is located at a lower level than the outer upper
wall 130 in the downward direction 53. The inner upper
wall 133 is disposed between the outer front wall 128 and
the outer rear wall 129. A lower end of the inner front wall
131 is spaced from the lower wall 127 in the upward di-
rection 54. An upper end of the inner front wall 131 is
contiguous to the inner upper wall 133. A lower end of
the inner rear wall 132 is spaced from the lower wall 127
in the upward direction 54. An upper end of the inner rear
wall 132 is contiguous to the inner upper wall 133.
[0095] Theouter frontwall 128, the outer rear wall 129,
the inner front wall 131, and the inner rear wall 132 each
extend in the rightward and leftward directions 55 and 56
and in the upward and downward directions 54 and 53.
The outer upper wall 130 and the inner upper wall 133
each extend in the frontward and rearward directions 51
and 52 and in the rightward and leftward directions 55
and 56.

[0096] The storage chamber 36 is defined by the left
wall 126, the lower wall 127, the inner front wall 131, the
inner rear wall 132, the inner upper wall 133, and the film
134 (refer to Figs. 5A and 5B). A lower front end portion
and a lower rear end portion of the storage chamber 36
are defined by the outer front wall 128 and the outer rear
wall 129, respectively. That is, the storage chamber 36
is positioned below the inner upper wall 133. Also the
storage chamber 36 is positioned between the outer front
wall 128 and the outer rear wall 129. Also the storage
chamber 36 is positioned above the lower inner wall 127.
[0097] The ink channel 44 is defined by the left wall
126, the outer front wall 128, the inner front wall 131, the
outer rear wall 129, the inner rear wall 132, the outer
upper wall 130, the inner upper wall 133, and the film 134
(refer to Figs. 5A and 5B). That is, the ink channel 44 is
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partially positioned above the inner upper wall 133. Also,
the ink channel 44 is positioned between the outer front
wall 128 of the internal frame 35 and the outer rear wall
129 of theinternalframe 35. Itis noted that the ink channel
is positioned above the lower inner wall 127.

[0098] Inthe embodiment, the storage chamber 36 and
the ink channel 44 are each defined by appropriate walls
and the film 134. Nevertheless, the configuration of each
of the storage chamber 36 and the ink channel 44 is not
limited to the specific example. For example, each of the
storage chamber 36 and the ink channel 44 may be con-
stituted of a bag made by a film only.

[0099] In the embodiment, the storage chamber 36 of
the internal frame 35 covered by the front cover 32 and
the rear cover 31 is defined by the left wall 126, the lower
wall 127, the inner front wall 131, the inner rear wall 132,
the inner upper wall 133, and the film 134. Nevertheless,
the front cover 32 and the rear cover 31 might not nec-
essarily be needed. That s, surfaces of the walls defining
the storage chamber 36 may be exposed and the circuit
board 64 may be disposed on one of the exposed sur-
faces of the walls.

[Ink Channel 44]

[0100] The ink channel 44 surrounds the storage
chamber 36 from the rearward direction 52, the upward
direction 54, and the frontward direction 51 in side view.
The ink channel 44 includes a first channel 45, a second
channel 46, and a third channel 47. The first channel 45
is located behind the storage chamber 36 in the rearward
direction 52. The second channel 46 is located above
the storage chamber 36 in the upward direction 54 and
is contiguous to an upper end of the first channel 45. The
third channel 47 is located in front of the storage chamber
36 in the frontward direction 51 and is contiguous to a
front end of the second channel 46. So, a higher portion
of the ink channel 44 (corresponding to the second chan-
nel 46) is above the storage chamber 36. Also an upper
end of the ink channel 44 is positioned higher than an
upper end of the storage chamber 36. It is noted that the
ink supply port 71is atalower level than the higher portion
of the ink channel 44(corresponding to the second chan-
nel 44).

[0101] Anupperend ofthe ink channel 44 is ata higher
level than an upper end of the storage chamber 36. That
is, the ink channel 44 is disposed such that a maximum
ink level in the ink channel 44 is higher than a maximum
ink level in the storage chamber 36.

[0102] Theinkchannel44is capable of communicating
with the storage chamber 36 via a first communication
opening 66 (refer to Figs. 5A and 5B). The ink channel
44 is capable of communicating with the internal space
106 of the ink supply portion 34 via the opening 72. That
is, the ink channel 44 extends between the storage cham-
ber 36 and the ink supply portion 34.

[0103] Asillustrated in Figs. 5A and 5B, the first com-
munication opening 66 is defined at a lower end portion
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of the first channel 45. As illustrated in Fig. 4A, the open-
ing 72 is defined ata lower end portion of the third channel
47. That is, ink stored in the storage chamber 36 flows
in the upward direction 54 from the first communication
opening 66 and then flows in the frontward direction 51.
After that, ink further flows in the downward direction 53
and reaches the opening 72. That is, ink flows in the ink
channel 44 along a flow direction 65 indicated by a dot-
and-dashed line in Fig. 4A. A length of the ink channel
44 along the flow direction 65 is longer than a perimeter
of a cross-section of the ink channel 44 cut in a direction
orthogonal to the flow direction 65.

[0104] The remaining amount detecting portion 75 (re-
fer to Fig. 4B) is disposed at a middle portion of the sec-
ond channel 46 in the frontward and rearward directions
51 and 52. The remaining amount detecting portion 75
will be described in detail later.

[0105] A lower end portion of the third channel 47 ex-
tends in the rearward direction 52 further than the other
portions of the third channel 47. This configuration pro-
vides a first buffer chamber 48 at the lower end portion
of the third channel 47. The first buffer chamber 48 is
disposed between the remaining amount detecting por-
tion 75 and the opening 72 in the ink channel 44.
[0106] A rear end portion of the second channel 46
extends in the upward direction 54 further than the other
portions of the second channel 46. This configuration pro-
vides a second buffer chamber 49 at the rear end portion
of the second channel 46. The second buffer chamber
49 is disposed between the remaining amount detecting
portion 75 and the storage chamber 36 in the ink channel
44,

[0107] Inthe vicinity of the remaining amount detecting
portion 75 and between the remaining amount detecting
portion 75 and the second buffer chamber 49 of the sec-
ond channel 46, a projection 50 protrudes in the down-
ward direction 53 from a top surface defining the second
channel 46, which provides a communication port 63 for
providing communication between the second buffer
chamber 49 and the remaining amount detecting portion
75. A cross-sectional area of the ink channel 44 at the
communication port 63 which is defined in the vicinity of
the remaining amount detecting portion 75 in the ink
channel 44 is smaller than a cross-sectional area of the
ink channel 44 at the other portions thereof. In the em-
bodiment, the communication port63islocated ata lower
level than the upper surface of the second buffer chamber
49. Therefore, this configuration may restrict intrusion of
air bubbles accumulating at an upper portion of the sec-
ond buffer chamber 49 into the remaining amount detect-
ing portion 75 through the communication port 63. The
projection 50 may protrude from any surface other than
the top surface of the second channel 46 or may protrude
from a plurality of surfaces including the top surface (e.qg.,
all of the top surface, a right surface, a left surface, and
a bottom surface defining the second channel 46).
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[Ink Supply Portion 34]

[0108] As illustrated in Fig. 4A, the ink supply portion
34 (as an example of a liquid supply portion) that pro-
trudes in the frontward direction 51 is disposed at a lower
portion of the outer front wall 128. So, the ink supply
portion 34 protrudes from the outer front wall 128 toward
the exterior of the ink cartridge 30. The ink supply portion
34 has a substantially cylindrical shape. The ink supply
portion 34 has the ink supply port 71 (as an example of
a liquid supply port) at its front end. The ink supply port
71 provides communication between the internal space
106 of the ink supply portion 34 and the exterior of the
ink cartridge 30. The ink supply portion 34 has the open-
ing 72 at its rear end. The opening 72 provides commu-
nication between the third channel 47 of the ink channel
44 and the internal space 106. Also the opening 72 com-
municates the third channel 47 at a lower level of the
third channel 47. Also, the ink supply portion 34 and the
ink supply port 71 are positioned below the upper inner
wall 133.

[0109] The ink supply portion 34 includes a valve 107
in the internal space 106. The valve 107 is closed in a
specific condition. Therefore, ink stored in the ink channel
44 is prevented from leaking to the outside of the ink
cartridge 30. During insertion of the ink cartridge 30 into
the cartridge mounting portion 110 in the frontward di-
rection 51, the ink needle 102 (refer to Fig. 2) is inserted
into the internal space 106 of the ink supply portion 34
from the ink supply port 71 with pressing the valve 107
to open the valve 107. In response to the opening of the
valve 107, ink stored in the ink channel 44 flows into the
ink tube 20 connected with the ink needle 102 via the
internal space 106 of the ink supply portion 34 and the
internal space 104 (refer to Fig. 2) of the ink needle 102.
The ink needle 102 has an opening (not illustrated) at its
peripheral surface, and ink in the internal space 106 of
the ink supply portion 34 may flow into the internal space
104 via the opening.

[0110] Nevertheless, the ink supply portion 34 is not
limited to the configuration equipped with a valve. For
example, the ink supply port 71 may be closed by a film.
Upon mounting of the ink cartridge 30 on the cartridge
mounting portion 110, the ink needle 102 may penetrate
the film and a tip portion of the ink needle 102 may enter
the internal space 106 of the ink supply portion 34 through
the ink supply port 71.

[Differential Pressure Regulating Valve 57]

[0111] As illustrated in Figs. 5A and 5B, a differential
pressure regulating valve 57 is disposed between the
storage chamber 36 and the first channel 45. The differ-
ential pressure regulating valve 57 is configured to open
and close the first communication opening 66 by moving
by pressure difference caused between pressure in the
storage chamber 36 and pressure in the first channel 45.
[0112] The differential pressure regulating valve 57 in-
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cludes a body 58, a protrusion 59, a plate portion 60, a
seal 61, and a coil spring 62.

[0113] The body 58 is disposed at a lower portion of
the first channel 45 of the ink channel 44. An inner wall
135 is disposed further to the left than the film 134 in the
leftward direction 56 and defines a lower left side of the
first channel 45. The inner wall 135 has the first commu-
nication opening 66. The body 58 faces the first commu-
nication opening 66 in the rightward and leftward direc-
tions 55 and 56. The body 58 has a plate-like shape. The
body 58 has a larger area at its right surface than an area
of the first communication opening 66.

[0114] The protrusion 59 extends in the rightward di-
rection 55 from the center of the right surface of the body
58. The protrusion 59 extends to the storage chamber
36 from the plate portion 60 via the first communication
opening 66.

[0115] The plate portion 60 is disposed at the first chan-
nel 45. The plate portion 60 is adhered to a left surface
of the film 134. The plate portion 60 faces the protrusion
59 in the rightward and leftward directions 55 and 56.
[0116] The seal 61 is a ring-shaped member adhered
to the right surface of the body 58. The seal 61 is made
of an elastic member, for example, rubber. The seal 61
is disposed surrounding the first communication opening
66. The seal 61 and the body 58 are configured to close
the first communication opening 66 by contacting of the
seal 61 with an edge of the first communication opening
66.

[0117] One end of the coil spring 62 is in contact with
the left surface of the body 58. The other end of the caoill
spring 62 is in contact with the left wall 126.

[0118] Hereinafter, behavior of the differential pres-
sure regulating valve 57 will be described. As illustrated
in Fig. 5A, when both of the storage chamber 36 and the
ink channel 44 are at atmospheric pressure, the film 134
is maintained in a state where the film 134 extends in the
frontward direction 51, the rearward direction 52, the up-
ward direction 54, and the downward direction 53. In this
state, the body 58 is urged by the coil spring 62 and the
seal 61 contacts the edge of the first communication
opening 66. Therefore, the first communication opening
66 is closed.

[0119] In this state, ink stored in the ink channel 44 is
allowed to flow from the ink supply portion 34 to the ink
tube 20. As ink comes out of the ink supply portion 34,
pressure in the ink channel 44 becomes lower than at-
mospheric pressure. Therefore, as illustrated in Fig. 5B,
the portion of the film 134 defining the right end of the
ink channel 44 deforms to protrude in the leftward direc-
tion 56. In response to this, the plate portion 60 moves
in the leftward direction 56 and the plate portion 60 press-
es the protrusion 59 in the leftward direction 56. Thus,
the body 58, the plate portion 60, and the seal 61 move
in the leftward direction 56 against an urging force of the
coil spring 62, and the seal 61 becomes separate from
the edge of the first communication opening 66 to open
the first communication opening 66. As the first commu-
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nication opening 66 is opened, the storage chamber 36
and the ink channel 44 come into communication with
each otherandink stored in the storage chamber 36 flows
into the ink channel 44.

[0120] As the first communication opening 66 is
opened, pressure in the ink channel 44 becomes equal
to atmospheric pressure again. Thus, the film 134 be-
comes restored and the plate portion 60 moves in the
rightward direction 55. In response to this, the body 58,
the plate portion 60, and the seal 61 move in the rightward
direction 55 by the urging force of the coil spring 62 and
the seal 61 contacts the edge of the first communication
opening 66 to close the first communication opening 66.
[0121] Subsequent to this, the opening and closing of
the first communication opening 66 is repeated. More
specifically, every time ink stored in the ink channel 44
is used, the first communication opening 66 is opened to
refillthe ink channel 44 with ink from the storage chamber
36 and then the first communication opening 66 is closed.
[0122] When the storage chamber 36 becomes empty
of ink, the ink channel 44 is not refilled with ink any more.
Then, irrespective of the pressure in the ink channel 44,
ink stored in the ink channel 44 reduces. When ink stored
inthe ink channel 44 becomes less than a predetermined
amount, the remaining amount detecting portion 75 de-
tects that ink stored in the ink channel 44 has become
less than the predetermined amount.

[Remaining Amount Detecting Portion 75]

[0123] Asillustrated in Figs. 4A and 4B, the remaining
amountdetecting portion 75 is disposed at a substantially
middle portion of the second channel 46 in the frontward
and rearward directions 51 and 52. The remaining
amount detecting portion 75 is used for detecting a re-
maining amount of ink stored in the second channel 46.
[0124] The remaining amount detecting portion 75 is
disposed at a higher level than the ink supply portion 34
in the upward direction 54 and further to the rear than
the ink supply portion 34 in the rearward direction 52.
The remaining amount detecting portion 75 is disposed
between the outer front wall 128 and the outer rear wall
129 in the frontward and rearward directions 51 and 52.
The remaining amount detecting portion 75 is disposed
at a higher level than the inner upper wall 133 in the
upward direction 54. The remaining amount detecting
portion 75 is disposed at a higher level than the circuit
board 64 in the upward direction 54. In other words, the
prism 78 is positioned at a higher leel than the circuit
board 64. More specifically, the firstinclined surface 78A
and the second inclined surface 78B of the prism 78 are
positioned at a higher level than the circuit board 64. The
remaining amount detecting portion 75 has a size and
shape appropriate for being positioned between the light
emitting portion 122 and the light receiving portion 123
of the optical sensor 121.

[0125] As illustrated in Fig. 4B, the remaining amount
detecting portion 75 includes a raised portion 76, a re-
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flector 77, and a prism 78. The remaining amount detect-
ing portion 75 is disposed in the second channel 46. That
is, the prism 78 is positioned in the second channel 46,
Also, the prism 78 is positioned in the ink channel 44, the
prism 78 is positioned above the storage chamber 36,
and the prism 78 is positioned above the inner upper wall
133.

[0126] The reflector 77 is made of, for example, alumi-
num foil, and is capable of reflecting light. The raised
portion 76 protrude upward relative to an upper surface
(an inner lower surface of the second channel 46) of the
inner upper wall 133. The reflector 77 includes a pair of
inclined surfaces supported by an upper surface of the
raised portion 76. The inclined surfaces of reflector 77
extends inthe upward direction 54 and are angled relative
to the horizontal surface at, for example, 45°. The reflec-
tor 77 is disposed at an inner position than ends of the
ink cartridge 30 in the leftward and rightward directions
56 and 55. The prism 78 is supported by an upper surface
of the reflector 77. As illustrated in Fig. 4B, the prism 78
has a trapezoidal shape in a front view. The prism 78 is
made of, for example, resin. The prism 78 includes a first
inclined surface 78A (as an example of an irradiated sur-
face), a second inclined surface 78B, a first horizontal
surface 78C, and a second horizontal surface 78D.
[0127] The first inclined surface 78A and the second
inclined surface 78B extend at an angle of 45, for exam-
ple, relative to horizontal. And the first inclined surface
78A is perpendicular to the second inclined surface 78B.
That is, the first inclined surface 78A defines an angle of
90° relative to the second inclined surface 78B. The first
horizontal surface 78C and the second horizontal surface
78D are parallel to horizontal. The first horizontal surface
78C and the second horizontal surface 78D are parallel
to both surface of the lower wall 127 and a surface of the
inner upper wall 133. So, the first inclined surface 78A
defines an angle of 45° relative to the first horizontal sur-
face 78C, the second horizontal surface 78D, the surface
of the lower wall 127, and the surface of the upper inner
wall 133. Also, the second inclined surface 78B defines
an angle of 45° relative to the first horizontal surface 78C,
the second horizontal surface 78D, the surface of the
lower wall 127, and the surface of the upper inner wall
133.

[0128] The first inclined surface 78A, the second in-
clined surface 78B, and the first horizontal surface 78C
of the prism 78 face the second channel 46. Also, the
first inclined surface 78A, the second inclined surface
78B, and the first horizontal 78C of the prism 78 define
a part of the second channel 46. The firstinclined surface
78A diagonally extends in the upward direction 54 from
a right end of the prism 78 as the first inclined surface
78A extends in the leftward direction 56. The second in-
clined surface 78B diagonally extends in the upward di-
rection 54 from a left end of the prism 78 as the second
inclined surface 78B extends in the rightward direction
55. The first horizontal surface 78C connects between a
left end of the first inclined surface 78A and a right end
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of the second inclined surface 78B. The second horizon-
tal surface 78D connects between a right end of the first
inclined surface 78A and a left end of the second inclined
surface 78B and faces the reflector 77.

[0129] In the embodiment, the upper surface of the
raised portion 76 is a portion of the upper surface of the
storage chamber 36. Nevertheless, the upper surface of
the raised portion 76 might not necessarily be a portion
of the upper surface of the storage chamber 36.

[0130] In a case where the second channel 46 is full
of ink and ink contacts the first inclined surface 78A and
the second inclined surface 78B, light emitted in the left-
ward direction 56 from the light emitting portion 122 of
the optical sensor 121 is reflected off the reflector 77 in
the upward direction 54 as indicated by a dashed line in
Fig. 4B, and enters the prism 78 through the second hor-
izontal surface 78D. At that time, an incident angle of the
light into the second horizontal surface 78D is approxi-
mately 90°. Therefore, the light travels straight to the sec-
ond channel 46 through the first inclined surface 78A of
the prism 78 without being refracted in the prism 78. That
is, the light does not reach the light receiving portion 123
of the optical sensor 121. Therefore, the optical sensor
121 transmits a low level signal to the controller 1 (refer
to Fig. 10).

[0131] Inacasewhereinkstoredinthe secondchannel
46 has reduced and ink does not contact the first inclined
surface 78A and the second inclined surface 78B, light
emitted from the light emitting portion 122 of the optical
sensor 121 is reflected off the reflector 77 in the upward
direction 54 as indicated by a solid line in Fig. 4B and
then is reflected off the first inclined surface 78A of the
prism 78 in the leftward direction 56. Further, the light is
reflected off the second inclined surface 78B of the prism
78 in the downward direction 53 and penetrates the prism
78 through the second horizontal surface 78D. The light
is then reflected off the reflector 77 in the leftward direc-
tion 56 and reaches the light receiving portion 123 of the
optical sensor 121. Upon arrival of the light on the light
receiving portion 123, the signal transmitted from the op-
tical sensor 121 to the controller 1 (referto Fig. 10) chang-
es from low level to high level.

[Controller 1]

[0132] Asillustrated in Fig. 10, the printer 10 includes
the controller 1. The controller 1 includes, for example,
a central processing unit ("CPU"), a read-only memory
("ROM"), and a random access memory ("RAM"). The
controller 1 may be a control board that may be disposed
inside a housing of the printer 10 as the controller 1 of
the printer or may be a control board that may be inde-
pendent from a controller of the printer 10 and that may
be disposed at the casing 101. The controller 1 is con-
nected to the contact 161 and the optical sensor 121 so
as to be able to transmit and receive electric signals ther-
ebetween. As described above, in a state where the ink
cartridge 30 is completely mounted on the cartridge
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mounting portion 110, establishment of electrical conti-
nuity between the contact 161 and the electrode 65 of
the circuit board 64 provides establishment of an electri-
cal connection between the controller 1 and the circuit
board 64. Although the controller 1 is also connected to
other components, e.g., a motor and a touch panel, so
as to be able to transmit and receive electric signals ther-
ebetween, the other components are omitted in Fig. 10.
A program used for executing various processes by the
controller 1 is stored in the ROM. The CPU executes
computations for executing various processes based on
the program stored in the ROM and provides instructions
to each of the components. The RAM functions as a
memory for storing various information temporarily.
[0133] The controller 1 detects insertion of the ink car-
tridge 30 into the cartridge mounting portion 110 through
a level change of the signal transmitted from the optical
sensor 121 from high level to low level. The controller 1
also detects a low ink remaining amount in the storage
chamber 36 through the level change of the signal trans-
mitted from the optical sensor 121 from low level to high
level.

[Cartridge Installation Detection and Remaining Amount
Detection]

[0134] Hereinafter, cartridge installation detection and
ink remaining amount detection by the optical sensor 121
will be described. As illustrated in Fig. 2, in a case where
no ink cartridge 30 has been mounted to in the cartridge
mounting portion 110, no obstruction that obstructs the
path for light emitted from the light emitting portion 122
is present between the light emitting portion 122 and the
light receiving portion 123 of the optical sensor 121.
Therefore, as illustrated in Fig. 11A, a high level signal
indicated by "A" is transmitted from the optical sensor
121 to the controller 1.

[0135] As the ink cartridge 30 is inserted into the car-
tridge mounting portion 110 after the cover of the car-
tridge mounting portion 110 is opened, as illustrated in
Fig. 6, during the insertion, the raised portion 74 reaches
between the light emitting portion 122 and the light re-
ceiving portion 123 of the optical sensor 121 and the
raised portion 74 obstructs the path for light emitted from
the light emitting portion 122. Upon arrival of the raised
portion 74 therebetween, the signal transmitted from the
optical sensor 121 to the controller 1 changes from high
level to low level indicated by "B" in Fig. 11A.

[0136] As the ink cartridge 30 is further moved in the
frontward direction 51 from the state of Fig. 6, the raised
portion 74 reaches a position further to the front than the
optical sensor 121 in the frontward direction 51. Thus,
the raised portion 74 does not obstruct the path for the
light emitted from the light emitting portion 122. Upon
termination of the obstruction, the signal transmitted from
the optical sensor 121 to the controller 1 changes from
low level to high level indicated by "C" in Fig. 11A. At that
time, the optical sensor 121 is positioned between the
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raised portion 74 and the remaining amount detecting
portion 75.

[0137] As the ink cartridge 30 is further moved in the
frontward direction 51 from the position where the optical
sensor 121 is positioned between the raised portion 74
and the remaining amount detecting portion 75, as illus-
trated in Figs. 4A and 4B, the remaining amount detecting
portion 75 reaches between the light emitting portion 122
and the light receiving portion 123 of the optical sensor
121. Since the second channel 46 is full of ink when the
remaining amount detecting portion 75 reaches therebe-
tween, the light emitted from the light emitting portion 122
does not reach the light receiving portion 123. Thus, a
low level signal is transmitted from the optical sensor 121
to the controller 1. That is, upon arrival of the remaining
amount detecting portion 75 on the position between the
light emitting portion 122 and the light receiving portion
123, the signal transmitted from the optical sensor 121
to the controller 1 changes from high level to low level
indicated by "D" in Fig. 11A.

[0138] In a state of Figs. 4A and 4B, the circuit board
64 has reached below the contact 116 of the contact unit
160 and the electrode 65 of the circuit board 64 contacts
the contact 161. Contacting of a contact with a corre-
sponding electrode establishes an electrical connection
between the IC of the circuit board 64 and the controller
1. In the state of Figs. 4A and 4B, the ink cartridge 30 is
in a completely mounted position (in a use position) in
which the ink cartridge 30 is completely mounted on the
cartridge mounting portion 110. Finally, the cover of the
cartridge mounting portion 110 is closed.

[0139] Hereinafter, referring to a flowchart of Fig. 12,
detection of insertion of the ink cartridge 30 into its cor-
responding compartment space 103A of the cartridge
mounting portion 110 will be described.

[0140] The controller 1 counts the number of times that
the signal transmitted from the optical sensor 121 to the
controller 1 has changed from low level to high level from
atiming at which the cover of the cartridge mounting por-
tion 110is opened to a timing at which the cover s closed,
and stores the counted number in the RAM (S100).
[0141] Inresponse to closing of the cover (S110:Yes),
the controller 1 refers to the counted number stored in
the RAM (S120). In a case where the counted number
indicates once or more times (S120:Yes), the controller
1 determines that the ink cartridge 30 has been mounted
on the cartridge mounting portion 110 properly (step
S130). In a case where the counted number indicates
zero (S120:No), the controller 1 determines that an in-
appropriate ink cartridge has been mounted on the car-
tridge mounting portion 110 or that no ink cartridge 30 is
present in the cartridge mounting portion 110 (step
S140).

[0142] Next, the ink remainingamountdetection by the
optical sensor 121 will be described. In a state where a
remaining amount of ink stored in the storage chamber
36 is high, as illustrated in Figs. 4A and 4B, the remaining
amount detecting portion 75 obstructs the path for light
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between the light emitting portion 122 and the light re-
ceiving portion 123 of the optical sensor 121. Therefore,
alow level signal indicated by "A" in Fig. 11B is transmit-
ted from the optical sensor 121 to the controller 1 (refer
to Figs. 1 and 10).

[0143] Inresponse to reduction of ink stored in the ink
channel 44 due to use of ink stored in the ink cartridge
30 in the state of Figs. 4A and 4B, the light emitted from
the light emitting portion 122 of the optical sensor 121
reaches the light receiving portion 123 of the optical sen-
sor 121 asindicated by a solid line in Fig. 4B. Upon arrival
of the light on the light receiving portion 123, the signal
transmitted from the optical sensor 121 to the controller
1 changes from low level to high level indicated by "B" in
Fig. 11B. As a result of this, the controller 1 detects that
the remaining mount of ink stored in the storage chamber
36 is low.

[First Variation]

[0144] In the embodiment, the remaining amount de-
tecting portion 75 is raised upward from the upper surface
of the inner upper wall 133 defining the lower surface of
the second channel 46 of the ink channel 44. Neverthe-
less, the configuration of the remaining amount detecting
portion 75 is not limited to such a configuration.

[0145] In one example, as illustrated in Figs. 7A and
7B, the remaining amount detecting portion 75 may pro-
trude downward relative to a lower surface of the outer
upper wall 130 defining the upper surface of the second
channel 46 of the ink channel 44. In another example,
the remaining amount detecting portion 75 may protrude
in the rightward direction 55 relative to the left wall 126
defining the left surface of the second channel 46 of the
ink channel 44.

[0146] In the configuration illustrated in Figs. 7A and
7B, in a case where the second channel 46 is full of ink
and ink contacts both the first inclined surface 78A and
the second inclined surface 78B, light emitted in the left-
ward direction 56 from the light emitting portion 122 of
the optical sensor 121 penetrates the first inclined sur-
face 78A of the prism 78 as indicated by a dashed line
in Fig. 7B. Nevertheless, light does not penetrate ink and
thus does not reach the second inclined surface 78B.
Therefore, a low level signal is transmitted from the op-
tical sensor 121 to the controller 1.

[0147] Inacasewhereinkstoredinthe secondchannel
46 has reduced and ink does not contact the firstinclined
surface 78A and the second inclined surface 78B, as
indicated by a solid line in Fig. 7B, light emitted from the
light emitting portion 122 of the optical sensor 121 is re-
flected off the first inclined surface 78A in the downward
direction 53, and is then reflected off the reflector 77 in
the leftward direction 56 and is further reflected off the
reflector 77 in the upward direction 54. Thereafter, the
reflected light is further reflected off the second inclined
surface 78B in the leftward direction 56 and reaches the
light receiving portion 123 of the optical sensor 121. Upon
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arrival of the signal on the light receiving portion 123, the
signal transmitted from the optical sensor 121 to the con-
troller 1 changes from low level to high level. As a result,
the controller 1 detects that the remaining mount of ink
stored in the storage chamber 36 is low.

[Second Variation]

[0148] The configurations of the ink channel 44 and
the differential pressure regulating valve 57 are not lim-
ited to the configurations of the embodiment. For exam-
ple, the ink channel 44 and the differential pressure reg-
ulating valve 57 may have configurations illustrated in
Figs. 8A and 8B.

[0149] In a second variation, as illustrated in Figs. 8A
and 8B, the ink channel 44 is defined in a front portion
of the ink cartridge 30 and the storage chamber 36 is
defined in a rear portion of the ink cartridge 30.

[0150] The ink channel 44 includes one channel 151
and the other channel 152. The one channel 151 is in
communication with the ink supply portion 34. The other
channel 152 is defined to the rear of the first channel 151
in the rearward direction 52. The other channel 152 is in
communication with the one channel 151 via an opening
154 and is in communication with one storage chamber
36A of the storage chamber 36 via an second commu-
nication opening 155 and a passage 162. A second
sphere 156 is proximate the second communication
opening 155. The second communication opening 155
is configured to be opened and closed by the second
sphere 156 that is movable along the upward direction
54 and the downward direction 53.

[0151] The storage chamber 36 includes the one stor-
age chamber 36A and the other storage chamber 36B.
The other storage chamber 36B is defined to the rear of
the other channel 152 in the rearward direction 52. The
other storage chamber 36B is in communication with the
one channel 151 via an first communication opening 158
and a passage 157 and is in communication with the first
storage chamber 36A via a passage 153. A first sphere
159 is proximate the first communication opening 158.
The first communication opening 158 is configured to be
opened and closed by the first sphere 159 thatis movable
along the upward direction 54 and the downward direc-
tion 53. In the second variation, the storage chamber 36
is in communication with an air communication portion
(notillustrated), and air is supplied into the storage cham-
ber 36 as ink is used.

[0152] The differential pressure regulating valve 57 in-
cludes the second sphere 156 and the first sphere 159.
The second sphere 156 is disposed in the second chan-
nel 152. The second sphere 156 has a higher specific
gravity than ink. Therefore, in a state where the other
channel 152 is full of ink, the second sphere 156 is po-
sitioned at a lower position in the downward direction 53
to close the second communication opening 155. The
first sphere 159 is disposed in the other storage chamber
36B. The first sphere 159 has a lower specific gravity
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than ink. Therefore, in a state where the other channel
152 is full of ink, the first sphere 159 is positioned at an
upper position in the upward direction 54 by its buoyancy
based on ink to open the first communication opening
158.

[0153] The remaining amount detecting portion 75 is
disposed at an upper end portion of the one channel 151.
The configuration of the remaining amount detecting por-
tion 75 is similar to that of the embodiment, and therefore,
an explanation for the remaining amount detecting por-
tion 75 will be omitted.

[0154] Hereinafter, behavior of the differential pres-
sure regulating valve 57 according to the second varia-
tion will be described. As illustrated in Fig. 8A, in a state
the storage chamber 36 and the ink channel 44 are both
full of ink, the sphere second 156 is positioned at the
lower position and closes the second communication
opening 155 and the first sphere 159 is positioned at the
upper position and opens the first communication open-
ing 158. Therefore, when ink is supplied from the ink car-
tridge 30 to the ink tube 20, ink stored in the first storage
chamber 36A is supplied to the ink tube 20 via the other
storage chamber 36B, the one channel 151, and the ink
supply portion 34.

[0155] As illustrated in Fig. 8B, in a state where the
storage chamber 36 is empty of ink, there is no buoyancy
basedonink, and therefore, the first sphere 159is located
at the lower position in the downward direction 53 and
closes the first communication opening 158. Thus, com-
munication between the ink channel 44 and the storage
chamber 36 is not established. Therefore at the time of
supplying ink from the ink cartridge 30 to the ink tube 20,
ink stored in the ink channel 44 is supplied to the ink tube
20 via the ink supply portion 34.

[0156] As ink stored in the ink channel 44 reduces,
negative pressure occurs in the ink channel 44 (refer to
Fig. 9A). In Fig. 9A, the occurrence of negative pressure
is indicated by increase of density of dashed lines in the
ink channel 44.

[0157] When the negative pressure becomes lower
than the pressure in the storage chamber 36 by a pre-
determined amount or more, as illustrated in Fig. 9B, the
second sphere 156 starts moving upward by the negative
pressure. That is, when the pressure in the ink channel
44 becomes lowerthan the pressurein the storage cham-
ber 36 by the predetermined amount or more, the second
sphere 156 opens the second communication opening
155. The predetermined amount is specified appropri-
ately such thatink stored in the ink channel 44 surely and
effectively flows therefrom, by adjusting material and size
of the second sphere 156 and a size of the second com-
munication opening 155.

[0158] As the second communication opening 155 is
opened, communication between the one storage cham-
ber 36A and the other channel 152 becomes established.
Thus, the pressure in the ink channel 44 returns to at-
mospheric pressure (the pressure in the storage cham-
ber 36) from the negative pressure. In response to this,
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the second sphere 156 closes the second communica-
tion opening 155 again.

[0159] Subsequent to this, while the opening and clos-
ing of the second communication opening 155 is repeat-
ed, ink stored in the ink channel 44 is consumed.
[0160] The configuration of the differential pressure
regulating valve 57 is not limited to the configuration in
which the body 58 and the coil spring 62 of the differential
pressure regulating valve 57 are disposed inside the stor-
age chamber 36 for closing the first communication open-
ing 66. For example, the body 58 and the coil spring 62
of the differential pressure regulating valve 57 may be
disposed inside the ink channel 44 for closing the first
communication opening 66. The differential pressure
regulating valve 57 is not limited to the configuration in
which the body 58 and the coil spring 62 are used. For
example, the differential pressure regulating valve 57
may have a configuration in which a flexible film, which
is deformable in accordance with pressure difference
caused between the storage chamber 36 and the ink
channel 44, is used for closing the first communication
opening 66.

[Other Variations]

[0161] In the embodiment, the remaining amount de-
tecting portion 75 is disposed at a higher level than the
ink supply portion 34 in the upward direction 54 and fur-
ther to the rear than the ink supply portion 34 in the rear-
ward direction 52. Nevertheless, the remaining amount
detecting portion might not necessarily be disposed at a
higher level than the ink supply portion 34 in the upward
direction 54 and further to the rear than the ink supply
portion 34 in the rearward direction 52. For example, the
remaining amount detecting portion 75 may be disposed
atalower level than the ink supply portion 34 in the down-
ward direction 53.

[0162] In the embodiment, ink stored in the storage
chamber 36 is allowed to flow to the exterior of the ink
cartridge 30 via the ink channel 44. Nevertheless, for
example, ink may be allowed to flow to the exterior of the
ink cartridge 30 via a second storage chamber provided
separately from the storage chamber 36. In contrast to
the ink channel 44, the second storage chamber might
not be elongated along an ink flow direction.

[0163] In the embodiment, the remaining amount de-
tecting portion 75 includes the reflector 77. Nevertheless,
the remaining amount detecting portion 75 might not nec-
essarily include the reflector 77. In a case that the re-
maining amount detecting portion 75 does not include
the reflector 77, the prism 78 has a different shape from
the prism 78 of the embodiment. More specifically, the
prism 78 includes inclined surfaces at its lower surface
similar to the reflector 77 of the embodiment.

[0164] More specifically, as illustrated in Fig. 13, the
prism 78 includes a first lower inclined surface 78E, a
second lower inclined surface 78F, and a third horizontal
surface 78G at its lower surface. The first lower inclined
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surface 78E diagonally extends in the upward direction
54 from the right end of the prism 78 as the first lower
inclined surface 78E extends in the leftward direction 56.
The first lower inclined surface 78E is parallel to the first
inclined surface 78A. The second lower inclined surface
78F diagonally extends in the upward direction 54 from
the left end of the prism 78 as the second lower inclined
surface 78F extends in the rightward direction 55. The
second lower inclined surface 78F is parallel to the first
inclined surface 78B. The third horizontal surface 78G
connects between a left end of the first lower inclined
surface 78E and a right end of the second lower inclined
surface 78F. The third horizontal surface 78G is parallel
to the first horizontal surface 78C. The first lower inclined
surface 78E, the second lower inclined surface 78F, and
the third horizontal surface 78G face the storage cham-
ber 36.

[0165] In a state where ink stored in the ink cartridge
30 has reduced to a particular level that the remaining
amount of ink stored in the ink channel 44 is detected,
an upper end portion (a position where the storage cham-
ber 36 contacts the prism 78) of the storage chamber 36
is filled with air but not ink. Therefore, light emitted in the
leftward direction 56 from the light emitting portion 122
is reflected off the first lower inclined surface 78E and
the second lower inclined surface 78F of the prism 78.
That is, the light emitted from the light emitting portion
122 travels in a similar route to the light that travels in
the configuration in which the remaining amount detect-
ing portion 75 includes the reflector 77.

[0166] In the embodiment, the ink cartridge 30 is
mounted to the cartridge mounting portion 110 while be-
ing moved along the horizontal direction. Nevertheless,
the moving direction of the ink cartridge 30 at the time of
mounting the ink cartridge 30 to the cartridge mounting
portion 110 is not limited to the horizontal direction. For
example, anink cartridge may be inserted into a cartridge
mounting portion along the vertical direction. At that time,
the locations and configurations of, for example, the ink
channel 44, the differential pressure regulating valve 57,
and the remaining amount detecting portion 75, may be
appropriately changed in accordance with the insertion
direction of the ink cartridge.

[0167] In the embodiment, the description has been
made by taking ink as an example of liquid. Nevertheless,
the present invention is not limited to the specific exam-
ple. Forexample, instead of ink, pretreatmentliquid eject-
ed prior to ink at the time of printing may be another ex-
ample of liquid.

[Example Effects]

[0168] According to the embodiment, the liquid supply
port 71 is below the inner upper wall 133 and the prism
78 is above the inner upper wall 133. Additionally, the
prism 78 is between the outer front wall 128 and the outer
rear wall 129. So the firstinclined surface 78Ais disposed
at a higher level than the ink supply port 71 in the upward
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direction 51 and further to the rear than the ink supply
port 71 in the rearward direction 52. Therefore, this con-
figuration may reduce a risk of splashes of ink adhering
the ink supply port 71 onto the inclined surface 78A of
the prism 78 or the prism 78. Accordingly, in a case where
the remaining amount of ink stored in the ink cartridge
30 is detected by light emission from the light emitting
portion 122 toward the firstinclined surface 78A, this con-
figuration may reduce a risk that whether the ink remain-
ing amount is low or not is detected incorrectly.

[0169] Generally, the prism 78 is disposed, in the ink
cartridge 30, at a position where it can be detected that
the ink remaining amount of the ink cartridge 30 has be-
come a predetermined amount. In the embodiment, the
prism 78 is disposed at the ink channel 44. The amount
of ink stored in the ink channel 44 may be obtained more
precisely as compared with the amount of ink stored in
the storage chamber 36. Therefore, according to the em-
bodiment, the predetermined amount may be estab-
lished precisely.

[0170] According to the embodiment, the first buffer
chamber 48 is configured to store ink therein. Therefore,
a larger amount may be established for the predeter-
mined amount.

[0171] [fairis presentin the remaining amount detect-
ing portion 75 where ink is present, the ink remaining
amount may be detected incorrectly when light is emitted
to the firstinclined surface 78A. According to the embod-
iment, the differential pressure regulating valve 57 may
shut communication between the storage chamber 36
and the ink channel 44. Therefore, this configuration may
avoid intrusion of air included in the storage chamber 36
into the ink channel 44, which may result in avoiding the
incorrect detection.

[0172] According to the embodiment, even if air in-
trudes into the ink channel 44 from the storage chamber
36, the second buffer chamber 49 may trap the intruded
air therein. Therefore, this configuration may reduce a
risk that air intrudes into the remaining amount detecting
portion 75. As a result, this configuration may reduce the
risk of incorrect detection that may be caused when light
is emitted toward the prism 78.

[0173] According to the embodiment, the cross-sec-
tional area of the communication port 63 cutin a direction
orthogonal to the flow direction is smaller than a cross-
sectional area of the second buffer chamber 49 cut in a
direction orthogonal to the flow direction. And also, the
cross-sectional area of the communication port 63 of cut
in a direction orthogonal to the flow direction is smaller
than a cross-sectional area of the remaining amount de-
tecting portion 75cut in a direction orthogonal to the flow
direction. Therefore, even if airintrudes into the ink chan-
nel 44 from the storage chamber 36, this configuration
may reduce a risk that the air moves to the remaining
amount detecting portion 75.

[0174] According to the embodiment, the remaining
amount detecting portion 75 is disposed at the lower por-
tion of the second channel 46. Even if air is present in



33 EP 3 753 737 A1 34

the second channel 46, the air may be positioned at the
upper portion of the second channel 46 in many cases.
Therefore, this configuration may reduce the risk of in-
correct detection that may be caused when light is emit-
ted toward the prism 78.

[0175] According to the embodiment, the reflector 77
reflects light in the upward direction 54. With this config-
uration, the prism 78 may be disposed at the position
where the prism 78 is positioned at a far higher level from
the ink supply port 71, irrespective of the location of the
light emitting portion of the optical sensor 121.

[0176] Normally, while the ink cartridge 30 is being in-
serted into or removed from the cartridge mounting por-
tion 110, the electrode of the circuit board 64 contacts
the contact 161 of the cartridge mounting portion 110.
However, the contact there-between while the ink car-
tridge 30 is being inserted into or removed from the car-
tridge mounting portion 110 may produce shavings of the
electrode. According to the embodiment, the prism 78 is
disposed at a higher level than the circuit board 64 in the
upward direction 54. Therefore, this configuration may
reduce a risk of adhesion of the shavings to the prism 78.

Claims
1. Aliquid cartridge (30) comprising:

a liquid supply port (71) configured to provide
communication between an interior and an ex-
terior of the liquid cartridge;

a first storage chamber (36) having a first com-
munication opening (66, 158);

a second storage chamber (44) extending be-
tween the first communication opening of the
first storage chamber and the liquid supply port;
and

a prism (78) including a first inclined surface
(78A) configured to change the state of received
light in response to a level of liquid contained in
the second storage chamber,

wherein: a higher portion (46) of the second stor-
age chamber is positioned above the first stor-
age chamber,

the liquid supply port is at a lower level than the
higher portion of the second storage chamber,
the prism (78) is in the higher portion (46) of the
second storage chamber and is above the first
storage chamber.

2. The liquid cartridge of claim 1, wherein:

the second storage chamber (44) is a liquid
channel that connects between the first storage
chamber (36) and the liquid supply port(71), and
the second storage chamber has a longerlength
along a flow direction that liquid flows than a
perimeter of a cross-section of the second stor-
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age chamber cutin a direction orthogonal to the
flow direction.

3. The liquid cartridge of claim 1 or 2,
wherein the second storage chamber includes:

a first channel (45) located behind the second
storage chamber;

asecond channel (46) located above the second
storage chamber and contiguous to the first
channel and corresponding to the higher potion
of the second storage chamber; and

athird channel (47)located in front of the second
storage chamber and contiguous to the second
channel, and

wherein the third channel is in communication with
the liquid supply port.

4. The liquid cartridge of one of claims 1 to 3, wherein
the prism is positioned in the second channel.

5. The liquid cartridge of one of claims 1 to 4, wherein:

the third channel defines a first buffer (48) cham-
ber between the prism and the liquid supply port,
and

the first buffer chamber extends farther towards
the first channel than a remaining portion of the
third channel.

6. Theliquid cartridge of claim 5, wherein the first buffer
chamber is positioned below the prism.

7. The liquid cartridge of one of claim 3 to 6, wherein:

the second channel defines a second buffer
chamber (49) between the prism and the first
communication opening, and

the second buffer chamber extends higher than
a remaining portion of the second channel.

8. The liquid cartridge of one of claims 3 to 7, wherein:

the second channel defines a remaining amount
detection portion (75) having the prism therein;
the second channel defines a communication
port between the second buffer and the remain-
ing amount detection portion;

a cross-sectional area of the communication
port of the second channel is smaller than a
cross-sectional area of the second buffer cham-
ber; and

the cross-sectional area of the communication
port of the second channel is smaller than a
cross-sectional area of the remaining amount
detecting portion.
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The liquid cartridge of claim 8, further comprising a
raised portion (76) protruding upwards into the re-
maining amount detection portion from an inner low-
er surface (133) of the second channel.

The liquid cartridge of claim 9, wherein the raised
portion includes a surface positioned to face the first
inclined surface of the prism.

The liquid cartridge of claim 9 or 10, wherein the
raised portion includes a reflector (77) positioned to
face the first inclined surface.

The liquid cartridge of claim 11, wherein the reflector
is positioned below the first inclined surface of the
prism.

The liquid cartridge one of claims 1 to 12, further
comprising a differential pressure regulating valve
(57) configured to open and close the first commu-
nication opening in accordance with pressure differ-
ence caused between the first storage chamber and
the second storage chamber.

The liquid cartridge of claim 13, wherein:

the first storage chamber has a second commu-
nication opening (155),

the second storage chamber extends between
the second communication opening and the lig-
uid supply port,

the pressure regulating valve includes:

a first sphere (159) proximate the first com-
munication opening (158) and configured to
open the first communication opening by
moving due to buoyancy based on liquid
stored in the first storage chamber ;and

a second sphere (156) proximate the sec-
ond communication opening and config-
ured to open the second communication
opening in accordance with the pressure in
the second storage chamber becoming less
than the pressure in the first storage cham-
ber.

The liquid cartridge of claim 13, further comprising
a film (134) defining a portion of the first storage
chamber,

wherein the differential pressure regulating valve is
configured to open the first communication opening
by moving in accordance with deformation of the film.

The liquid cartridge one of claim 1 to 15, further com-
prising a circuit board (64) including an electrode,
wherein the first inclined surface of the prism is po-
sitioned at a higher level than the circuit board.
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17.

18.

19.

20.

36
The liquid cartridge one of claim 1 to 16, wherein:

the prism further includes a second inclined sur-
face (78B) configured to change the state of re-
ceived light in response to a level of liquid con-
tained in the second storage chamber; and

the second inclined surface is perpendicular to
the first inclined surface.

The liquid cartridge of one of claim 1 to 17, further
comprising a bottom wall positioned below both the
first and second storage chambers,

wherein a surface of the bottom wall intersects the
first inclined surface of the prism.

The liquid cartridge of claim 18, wherein an angle
between the first inclined surface of the prism and
the surface of the bottom wall is 45°.

The liquid cartridge of one of claims 1 to 19, further
comprising:

a first wall (128) having the liquid supply port;
a second wall (129) spaced rearward from the
first wall,

a third wall (133) between the first and second
walls,

wherein;

the first and second storage chambers are be-
tween the first and second walls,

the first storage chamber is positioned above
the third wall,

the second storage chamber is partially above
the third wall,

the liquid supply port is below the third wall, and
the prism is above the third wall.
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