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DESCRIPTION

Title of Invention
LIQUID CARTRIDGE AND IMAGE RECORDING DEVICE

Technical Field

The invention relates to a liquid cartridge for storing liquid such as ink and an
image recording device comprising the liquid cartridge and a main body configured to hold

the liquid cartridge therein.

Background Art

An ink cartridge detachably mounted to an inkjet recording device is disclosed by
Japanese laid-open patent publication No. 2007-196664. The ink cartridge includes a
circuit board including a first short detection terminal, a ground terminal, a power supply
terminal, a second short detection terminal, a first sensor drive terminal, a reset terminal, a
clock terminal, a data terminal, and a second sensor drive terminal. The first sensor drive
terminal and the second sensor drive terminal are electrically connected to the sensor
which detects the remaining ink level. The data terminal is electrically connected to the
memory which includes serially accessed memory cells and performs data read/write
operations in sync with a clock signal. The first and second sensor terminals are arranged
to the both ends of the circuit board.

Due to the advancing miniaturization of electrical equipment, a plurality of
terminals has to be arranged on a comparatively narrow area of a substrate of a terminal
chip disposed e.g. on a casing of a liquid cartridge. Due to the narrow arrangement of the
terminals, the likelihood for short circuits between a power terminal on the terminal chip
and e.g. a data terminal increases. In such a case, a need has arisen for preventing or
reducing a short circuit between e.g. a power terminal and a data terminal connected to a
storage, which e.g., stores data read or written from an exterior of the liquid cartridge (e.g.,
image recording device).

A reason for a short circuit between a plurality of terminals includes mist (e.g., ink
mist) or liquid (e.g., ink) droplets. For example, the mist might be caused by ink ejected
from an ink jet head of the image recording device, and adhering to the substrate on which
the plurality of terminals are arranged.

In particular for high speed ink jet printers as e.g. line head ink printers using a
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liquid cartridge with a large amount of liquid, a lot of ink mist might is generated by the
ink jet head of the image recording device because of the high output of printed media.

It is therefore an object of the invention to improve the electrical overall
robustness of a liquid cartridge for a line head printer in respect of electrical short circuits

between the terminals of a substrate.

SUMMARY of Invention
Surprisingly, the inventor found that the likelihood for a short circuit is increased

with the operation time of the high speed image recording device since the last insertion of
the ink cartridge. In particular for high speed ink jet printers as e.g. line head ink printers,
the inventors found out that the humidity within the printer casing increases with an
increasing number of pages per time, because the humidity according to the rapid drying
process of the various liquids (e.g. ink, water as a wetting means or ink pretreatment
liquid) provided from the ink cartridge to the recording medium (e.g. paper) increases.
Therefore, the risk for a short circuit at a contact terminal substrate increases with an
increasing operation time.

Terminals of the substrate repeatedly sending and receiving data during and at the
end of the insertion period are therefore more endangered than terminals sending and
receiving data preferred during or shortly after the insertion of the cartridge into the liquid
ejecting device.

In case, the distance of the terminal for the storage and the terminal for the sensor
to the electric power input terminal is equal, the likelihood for damaging the storage due to
a short circuit caused between the terminal for the storage and the electric power input
terminal is higher than the likelihood for damaging the sensor due to a short circuit caused
between the terminal for the sensor and the electric power input terminal.

Therefore, the protection of the terminals sending and receiving data repeatedly
during the time of usage of the cartridge in the printer has to be improved.

In order to solve the above mentioned problem, embodiments of the present
invention provide a liquid cartridge for a line head printer and an image recording device
according to claims 1 to 15.

Therefore, to improve the electrical overall robustness of a liquid cartridge in
respect of electrical short circuits, the invention provides a liquid cartridge for a line head

printer comprising a casing comprising an outer surface and a liquid reservoir disposed in
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the casing and configured to store more than 100 Milliliter liquid therein and a liquid flow
path is configured to place the liquid reservoir in fluid communication with an exterior of
the liquid cartridge on the outer surface of the casing and a sensor configured to detect a
first and a second position of a movable member and configured to output a signal in
relation to the first and second position of the movable member and a storage configured to
store data and a substrate disposed on the outer surface of the casing and on which a
plurality of terminals are disposed. The plurality of terminals comprises a sensor terminal
connected to the sensor and a data terminal connected to the storage and a power terminal
connected to at least one of the sensor and the storage. The distance between the power
terminal and the data terminal is greater than a distance between the power terminal and
the sensor terminal.

According to one aspect of the invention the liquid reservoir of the liquid
cartridge is configured to provide liquid from the liquid reservoir to the exterior of the
liquid cartridge in such an amount that at certain positions of the line head printer the
humidity increases.

According to another aspect of the invention the sensor of the liquid cartridge is
configured to output the signal in relation to the first and second position of the movable
member during or shortly after installing the liquid cartridge into an installing portion of
the line head printer and the data terminal is configured to transmit data repeatedly during
the time of usage of the cartridge in the line head printer.

According to another aspect of the invention a plurality of terminals of the liquid
cartridge comprise the sensor terminal and the power terminal are arranged in a first line
and a plurality of terminals comprising the data terminal are arranged in a second line
substantially parallel to the first line and a distance between the terminals arranged in the
first line and the terminals arranged in the second line is greater than a distance between
the terminals arranged in the first line.

According to another aspect of the invention the sensor terminal of the liquid
cartridge is positioned adjacent to the power terminal in the first line.

According to another aspect of the invention a ground terminal of the liquid cartridge is
positioned in the second line.

According to another aspect of the invention the plurality of terminals comprise
the sensor terminal, the data terminal, and the power terminal arranged in a line.

According to another aspect of the invention the sensor terminal is positioned
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adjacent to the power terminal.

According to another aspect of the invention a ground terminal, and the sensor
terminal and the data terminal are positioned between the power terminal and the ground
terminal.

According to another aspect of the invention the data stored in the storage
comprises information data relating to an amount of liquid remaining in the liquid
reservoir. According to another aspect of the invention the data stored in the storage of the
liquid cartridge comprises information data relating to the number of sheets that have been
recorded.

According to another aspect of the invention an image recording device is
provided comprising a liquid cartridge as described above and a main body to which the
liquid cartridge is attached, the main body comprises an installing portion into which the
liquid cartridge is installed and a hollow member configured to be inserted into the liquid
cartridge installed in the installing portion and a liquid discharge head configured to be in
fluid communication with the hollow member and to discharge liquid received from the
liquid cartridge via the hollow member and a communication section that performs
communication with the liquid cartridge installed in the installing portion and a sensor
signal receiving terminal configured to establish electric connections with the
communication section and a data receiving terminal configured to establish electric
connections with the communication section and a power supply and an electric power
output terminal configured to establish electric connections with the power supply. The
communication section is configured to read the data stored in the storage via the data
output terminal and the data receiving terminal and is configured to receive the signal from
the sensor via the sensor signal output terminal and the sensor signal receiving terminal.

According to another aspect of the invention the storage is configured to store
data relating to the signal, and the communication section is further configured to
determine whether a read error has occurred during reading of the data and to prohibit the
recording operation when the read error has occurred.

According to another aspect of the invention the communication section writes,
into the storage of the liquid cartridge, at least one of data relating to an amount of liquid
discharged from the liquid discharge head during the recording operation, and data relating
to the number of recording media recorded.

According to another aspect of the invention the communication section receives
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the signal from the sensor during or shortly after installing the liquid cartridge into the
installing portion of the main body and transmits data through the data terminal repeatedly
during the time of usage of the liquid cartridge in the image recording device.

Other objects, features, and advantages will be apparent to persons of ordinary
skill in the art from the following detailed description of the invention and the

accompanying drawings.

Brief Description of Drawings

For a more complete understanding of the present invention, needs satisfied
thereby, and the objects, features, and advantages thereof, reference now is made to the
following description taken in connection with the accompanying drawing.

Fig. 1 is a perspective view showing an appearance of an ink jet printer according
to a first embodiment of the invention;

Fig. 2 is a schematic side view showing an internal structure of the printer;

Fig. 3 is a perspective view showing a cartridge according to the first embodiment
of the invention;

Fig. 4 is a schematic view showing an internal structure of the cartridge of Fig. 3;

Fig. 5A is a partial sectional view of an area designated by arrow V in Fig. 4,
wherein a hollow tube of the printer is not inserted into a plug of the cartridge and a valve
of the cartridge is in a closed position;

Fig. 5B is a partial section view of the area designated by arrow V in Fig. 4,
wherein the hollow tube of the printer is inserted into the plug of the cartridge and the
valve of the cartridge is in an open position and;

Fig. 6 is a partial sectional view taken along a line VI-VI in Fig. 5A;

Fig. 7 is a drawing showing terminals of the cartridge according to the first
embodiment of the invention, and viewed in the direction of the appended arrow VII in
Fig. 4;

Figs. 8A to 8C are schematic plan views showing a process of installing the
cartridge to the printer;

Fig. 9 is a block diagram showing an electrical configuration of the cartridge and
the printer;

Fig. 10 is a functional block diagram showing sections embodied by a controller

of the printer;
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Fig. 11 is a flowchart showing control executed by the controller of the printer
while the cartridge is installed in the printer;

Fig. 12 is a graph showing a relationship between a position of the valve of the
cartridge and an output value from a Hall device of the cartridge;

Fig. 13 is a drawing showing terminals of a cartridge according to a second
embodiment of the invention;

Fig. 14 is a drawing showing terminals of a cartridge according to a third
embodiment of the invention;

Fig. 15 is a drawing showing terminals of a cartridge according to a fourth
embodiment of the invention,;

Fig. 16 is a drawing showing terminals of a cartridge according to a fifth
embodiment of the invention;

Fig. 17 is a drawing showing terminals of a cartridge according to a sixth
embodiment of the invention

Fig. 18 is a drawing showing terminals of the printer according to the first
embodiment of the invention, and viewed in an inserting direction of Fig. 8A; and

Fig. 19 is a partial sectional view taken along a line XIX-XIX in Fig. 18.

Description of Embodiments

Embodiments of the invention will be described with reference to the
accompanying drawings.

Referring to Fig. 1, a general structure of an image recording device, e.g., a high
speed ink jet printer 1, according to an embodiment of the invention will be described.

The printer 1 comprises a housing la having a substantially rectangular
parallelepiped shape. A sheet discharge portion 31 is provided at the top of the housing
la. The housing la has three openings 10d, 10b, and 10c formed in one of its vertically
extending outer faces. The openings, 10d, 10b, and 10c are vertically aligned in this
order from above. A sheet feed unit 1b and a cartridge unit 1c are inserted into the
housing la through the opening 10b and the opening 10c, respectively. The printer 1
comprises a door 1d fitted into the opening 10d and configured to pivot about a horizontal
axis at its lower end. When the door 1d is pivoted to be opened and closed, the opening
10d is covered and uncovered. The door 1d is disposed facing a transport unit 21 (See

Fig. 2) in a primary direction of the housing la, e.g., in a direction perpendicular to a
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direction that the vertically extending faces of the housing 1a extend.

Referring to Fig. 2, an internal structure of the printer 1 will be described.

An interior of the housing la is divided into sections A, B, and C in the vertical

direction in this order from above. Two heads 2, e.g. line heads for high speed printing,
the transport unit 21, and a controller 100 are disposed in the section A. The heads 2 are
configured to discharge black ink and pretreatment liquid (hereinafter, the black ink and
the pretreatment liquid are collectively referred to as liquid), respectively.
For high speed ink jet printers as e.g. line head ink printers, the humidity within the printer
casing increases with an increasing number of printed pages per time, because the humidity
according to the rapid drying process of the various liquids (e.g. ink and pretreatment
liquid and water as a wetting means) provided from the ink cartridge to the recording
medium (e.g. paper) increases. The rapid drying process is necessary for high speed ink jet
printers to ensure a clean type face when dumping and stacking the printed recording
media. The transport unit 21 is configured to transport sheets P. The controller 100 is
configured to control operations of each component of the printer 1. The sheet feed unit
1b is disposed in the section B. The cartridge unit 1c is disposed in the section C. A
sheet transport path along which sheets P are transported is formed in the interior of the
printer 1 to extend from the sheet feed unit 1b toward the sheet discharge portion 31, as
shown by bold arrows in Fig. 2.

The controller 100 comprises a central processing unit (CPU), a read-only
memory (ROM), a random access memory (RAM) such as a nonvolatile RAM, and an
interface. The ROM is configured to store programs to be executed by the CPU and
various fixed data. The RAM is configured to temporarily store data, e.g., image data,
necessary for the CPU to execute programs. The controller 100 is configured to transmit
and receive data to and from a memory 141 (See Fig. 4) and Hall devices 71 of a cartridge
40, and transmit and receive data to and from an external device, e.g., a personal computer
connected to the printer 1, via the interface.

The sheet feed unit 1b comprises a sheet feed tray 23 and a sheet feed roller 25.
The sheet feed tray 23 is configured to be attached to and detached from the housing 1a in
the primary direction. The sheet feed tray 23 is a box open upward and is configured to
store sheets P of different sizes. The sheet feed roller 25 is configured to feed out the
topmost sheet P in the sheet feed tray 23 by being driven by a sheet feed motor 125 (See
Fig. 9) that is controlled by the controller 100. The sheet P fed out by the sheet feed roller
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25 is sent to the transport unit 21 while being guided by guides 27a and 27b and nipped by
a pair of feed rollers 26.

The transport unit 21 comprises two belt rollers 6 and 7, and an endless transport
belt 8 wound around the belt rollers 6 and 7. The belt roller 7 is a driving roller
configured to rotate in the clockwise direction in Fig. 2 when a shaft of the belt roller 7 is
driven by a transport motor 127 (See Fig. 9) controlled by the controller 100. The belt
roller 6 is a driven roller configured to rotate in the clockwise direction in Fig. 2 along with
the running of the transport belt 8 caused by the rotation of the belt roller 7.

A platen 19 having a substantially rectangular parallelepiped shape is disposed
within the loop of the transport belt 8 so as to face the heads 2. An outer surface 8a of the
transport belt 8 at an upper portion of the loop faces lower surfaces 2a of the heads 2, and
extends in parallel with the lower surfaces 2a with a slight gap formed between the lower
surfaces 2a and the outer surface 8a. The platen 19 supports an inner surface of the
transport belt 8 at the upper portion of the loop. The lower surface 2a of each head 2 is a
discharge surface where multiple discharge nozzles for discharging liquid are formed.

A silicone layer having a low adhesive property is formed on the outer surface 8a
of the transport belt 8. The sheet P fed out from the sheet feed unit 1b toward the
transport unit 21 is pressed by a pressing roller 4 against the outer surface 8a of the
transport belt 8. While being held on the outer surface 8a by the adhesive property, the
sheet P is transported in a secondary direction as shown by bold arrows in Fig. 2.

The secondary direction is parallel with a transport direction in which the
transport unit 21 transports the sheets P. The primary direction is a direction
perpendicular to the secondary direction. Each of the primary direction and the secondary
direction is a horizontal direction.

When the sheet P held on the outer surface 8a of the transport belt 8 passes
immediately below the heads 2, the heads 2 discharge the black ink or both of the black ink
and the pretreatment liquid, as required, from the lower surfaces 2a toward the upper
surface of the sheet P under control of the controller 100, thereby recording a desired
image on the sheet P. A separating plate 5 is configured to separate the sheet P from the
outer surface 8a of the transport belt 8. The sheet P is then separated from the outer
surface 8a of the transport belt 8 by the separating plate 5 and is transported upward while
being guided by guides 29a, 29b and being nipped by two pairs of discharge rollers 28.
Then, the sheet P is discharged onto the sheet discharge portion 31 from an opening 30
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formed at the top of the housing la. One roller of each discharge roller pair 28 is driven
by a discharge motor 128 (See Fig. 9) controlled by the controller 100.

The pretreatment liquid has various properties, e.g., a property of improving a
density of ink discharged onto the sheet P, a property of preventing the occurrence of ink
blurring or strike-through (i.e., the penetration of ink through the sheet P that is being
recorded), and a property of improving color reproduction and a quick dry property of ink,
and a property of preventing the occurrence of wrinkles or curls on the sheet P after ink is
discharged on the sheet P. For example, liquid containing a polyvalent salt, such as
cationic high polymer or a magnesium salt, may be used as the pretreatment liquid.

The head 2 for discharging the pretreatment liquid is disposed upstream from the
head 2 for discharging the black ink in the transport direction.

Each head 2 is a line type head elongated in the primary direction and has a
substantially rectangular parallelepiped shape. The heads 2 are aligned in the secondary
direction with a predetermined pitch and are supported by the housing la via a frame 3.
A joint (not shown) is disposed at an upper surface of each head 2 for receiving a flexible
tube. Multiple discharge nozzles (not shown) are formed in the lower surface 2a of each
head 2. A flow path is formed inside each head 2 such that liquid supplied from a
corresponding reservoir 42 of the cartridge 40, via a corresponding tube and a
corresponding joint, flows to corresponding discharge nozzles.

The cartridge unit 1c comprises a tray 35, and the cartridge 40 configured to be
disposed in the tray 35. The cartridge 40 comprises the reservoirs 42 (See Fig. 4) for
storing, e.g. black, ink and pretreatment liquid, respectively. The liquid stored in each
reservoir 42 of the cartridge 40 is supplied to the corresponding head 2 via the
corresponding flexible tube and the corresponding joint.

The tray 35 is configured to be detachably attachable to the housing la in the
primary direction in a state where the cartridge 40 is disposed in the tray 35.
Accordingly, the cartridge 40 disposed in the tray 35 can be replaced with a new one in a
state where the tray 35 is detached from the housing 1a.

Referring to Figs. 3 to 7, a structure of the cartridge 40 will be described.

As shown in Figs. 3 and 4, the cartridge 40 comprises a housing 41, a black ink
unit 40B, a pretreatment liquid unit 40P, a memory 141, and a substrate 142.

Each of the black ink unit 40B and the pretreatment liquid unit 40P comprises the
reservoir 42, an ink outlet tube 43, a plug 50, a valve 60, and a sensor unit 70. The black
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ink unit 40B and the pretreatment liquid unit 40P have the same structure (See Fig. 5).

As shown in Fig. 3, the housing 41 has a substantially rectangular parallelepiped
shape. As shown in Fig. 4, the interior of the housing 41 is divided into two chambers
4la and 41b. The black ink unit 40B and the pretreatment liquid unit 40P are disposed in
the chamber 41a. The ink outlet tubes 43 of the black ink unit 40B and the pretreatment
liquid unit 40P are disposed in the chamber 41b.

Each reservoir 42 is a bag for storing liquid therein and has an opening to which
one end of the ink outlet tube 43 is connected. The reservoir 42 of the black ink unit 40B
is configured to store black ink therein. According to one embodiment of the invention, the
liquid reservoir is configured to store more than 100 Milliliter liquid. The reservoir 42
of the pretreatment liquid unit 40P is configured to store pretreatment liquid therein.
According to another embodiment of the invention, each of the liquid reservoirs 42 and
40P is configured to store more than 100 Milliliter liquid. According to another
embodiment of the invention, the liquid reservoir 42 is configured to store more than 400
Milliliter and the liquid reservoir 40P is configured to store more than 250 Milliliter liquid.

The ink outlet tube 43 defines an ink outlet path 43a for discharging the liquid
stored in the reservoir 42 to the head 2 (See Fig. 5A).

As shown in Fig. 4, the other end of the ink outlet tube 43 protrudes from the
housing 41 of the cartridge 40. The ink outlet tube 43 has an opening 43b at a side
opposite to the reservoir 42. A plug 50 made of an elastic material, e.g., rubber, is
disposed in a compressed state at the other end of the ink outlet tube 43 such that the plug
51 closes the opening 43b of the ink outlet path 43a (See Fig. 5A). A cap 46 is provided
at the other end of the ink outlet tube 43 and outside the plug 50. The cap 46 has an
opening 46a formed substantially in its center. A surface, which is an opposite side of a
surface facing the valve 60, of the plug 50 is partially exposed through the opening 46a.

As shown in Fig. 5A, the valve 60 is disposed in the ink outlet path 43a and
comprises an O-ring 61 and a valve body 62.

As shown in Figs. 5A to 6, the valve body 62 is a cylindrical-shaped magnetic
body having an axis extending in a second direction. When the cartridge 40 is installed in
the housing 1la, a first direction is aligned with the primary direction, the second direction
is aligned with the secondary direction, and a third direction is aligned with the vertical
direction.

As shown in Fig. 6, the ink outlet tube 43 has a substantially cylindrical-shape.
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The valve body 62 is disposed at a portion in the ink outlet tube 43. The portion of the
ink outlet tube 43 comprises flat top and bottom walls and curved side walls. The portion
of the ink outlet tube 43 is elongated in the first direction in cross section which extends in
a direction perpendicular to the second direction. Protrusions 43p are provided at inner
surfaces of the respective side walls of the ink outlet tube 43 in the first direction so as to
protrude toward the inside of the ink outlet tube 43. Each protrusion 43p extends along
the second direction within an area in which the valve body 62 is movable. The valve
body 62 is held by the protrusions 43p and the top and bottom walls of the ink outlet tube
43 such that the valve body 62 is positioned substantially at the center of the ink outlet path
43a when viewed in cross-section. A flow path is defined by a gap between the valve
body 62 and the ink outlet tube 43 at a portion where the valve body 62, the protrusions
43p and the top and bottom walls of the ink outlet tube 43 do not contact with each other.

The O-ring 61 is made of an elastic material, e.g., rubber. The O-ring 61 is fixed
to a surface, facing the plug 50, of the valve body 62.

The valve 60 is pressed toward an opening 43y of a narrowed portion 43x of the
ink outlet path 43 by a coil spring 63. The coil spring 63 is fixed, at its one end, to the
one end of the ink outlet tube 43, and at its other end, is in contact with the other surface of
the valve body 62.

As shown in Fig. 5A, the ink outlet tube 43 comprises a valve seat 43z that
protrudes toward the center of the diameter of the ink outlet tube 43 from one end (which
is provided near the opening 43b) of the narrowed portion 43x. When the valve 60 isin a
closed position, at which the valve 60 closes the ink outlet path 43a, the O-ring 61 is in
contact with the valve seat 43z to seal the opening 43y at the one end of the narrowed
portion 43x of the ink outlet tube 43. Thus, fluid communication between the reservoir
42 and the outside of the reservoir 42 via the ink outlet path 43a is prevented. In this
state, the O-ring 61 is elastically deformed by the biasing force of the coil spring 63.

The sensor unit 70 comprises the Hall device 71 and a magnet 72. The magnet
72 produces a magnetic field. The Hall device 71 is a magnetic sensor that detects a
magnetic field of the magnet 72, converts the detected magnetic field to an electric signal,
and generates the electric signal. In the embodiment, the Hall device 71 generates a
signal, which indicates a voltage proportioned to the magnetic field magnitude that varies
in accordance with the movement of the valve body 62.

The Hall device 71 is disposed at a position where the Hall device 71 is capable of
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detecting the magnetic field produced by the magnet 72 and the valve body 62 (See Fig.
5A).

As shown in Fig. 5A, the Hall device 71 and the magnet 72 are fixed to the top
wall and the bottom wall, respectively, so as to face each other in the third direction.

When the valve 60 is in the closed position, the Hall device 71 and the magnet 72
face each other while sandwiching the valve body 62 therebetween, i.e., the valve body 62
is interposed between the Hall device 71 and the magnet 72. In this state, the magnetic
field produced by the magnet 72 efficiently reaches the Hall device 71 via the valve body
62. Accordingly, the Hall device 71 detects a high magnetic field magnitude and
generates a signal indicating a high voltage.

While the valve 60 moves from the closed position (See Fig, SA) to an open
position (See Fig. 5B), at which the valve 60 opens the ink outlet path 43a, the magnetic
field magnitude detected by the Hall device 71 becomes lower in accordance with the
movement of the valve body 62 to the position where the valve body 62 does not face the
Hall device 71 and the magnet 72 in the vertical direction, i.e., the valve body 62 is not
positioned between the Hall device 71 and the magnet 72. Thus, the voltage indicated by
a signal generated by the Hall device 71 becomes lower.

The controller 100 receives a signal generated by the Hall device 71 and
determines whether the valve 60 is in the closed position or in the open position based on a
voltage indicated by the signal generated by the Hall device 71.

The substrate 142 is provided at an outer surface of a downstream wall of the
housing 41 of the cartridge 40 in a direction that the cartridge 40 is inserted into the section
C (hereinafter, referred to as an inserting direction). The inserting direction is parallel
with the first direction of the cartridge 40.

The memory 141 is provided opposite to the substrate 142. The memory 141
comprises an electrically erasable programmable ROM (EEPROM) or the like and is
configured to store data relating to the cartridge 40. More specifically, the memory 141
prestores a liquid reservoir capacity (an amount of liquid stored in each reservoir 42 of a
brand-new cartridge 40), sensor output values (output values Vmax and Vmin received
from each Hall device 71 (See Fig. 12)), a manufacture date (year, month, and day of
manufacture of a cartridge 40). The controller 100 can read those data from the memory
141 while the cartridge 40 is installed in the printer 1. In addition, while the cartridge 40

is installed in the printer 1, the controller 100 can write, in the memory 141, with various
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data, e.g., a liquid usage amount (an amount of liquid that has been used in each reservoir
42, i.e., an amount of liquid that has been discharged from each head 2), the number of
hollow tube insertions (the number of times the hollow tubes 153 have been inserted into
the respective plugs 50), the number of recorded sheets (the number of sheets P which have
been recorded by using the liquid stored in the cartridge 40), and a cumulative usage time
(a total period of time during which the cartridge 40 is installed in the printer 1, which is
the same as a total period of time during which the hollow tubes 153 are inserted into the
respective ink outlet path 43a). The controller 100 can read those written data stored in
the memory 141 while the cartridge 40 is installed in the printer 1.

As shown in Fig. 7, eight terminals 170c to 177¢ are provided on a surface of the
substrate 142. The terminals 170c to 177¢ have substantially the same size and shape and
are exposed at the outer surface of the cartridge 40. A shape of each of the terminals 170c
to 177c is a substantially rectangle that includes two shorter sides extending in a direction
parallel to the second direction and two longer sides extending in a direction parallel to the
third direction. The terminals 170c to 177c are arranged in two rows.

It is assumed that each distance between centers of the terminal 174c and a
respective one of the terminals 170c to 173c is x0, x1, x2, and x3 and each shortest
distance between edges of the terminal 174c and a respective one of the terminals 170c to
173¢ is y0, y1, y2, and y3. The terminals 170c to 174c are arranged on the substrate 142
such that their positional relationship satisfies x1 <x0 <x2 <x3 and yl <y0 <y2 <y3.
xn (n = 0, 1, 2, or 3) represents a distance between centers of terminals 174¢ and 17nc.
yn (n =0, 1, 2, or 3) represents a shortest distance between edges of terminals 174c and
17nc.

As shown in Fig. 9, the sensor signal output terminal (SB) 170c is electrically
connected with the Hall sensor 71 of the black ink unit 40B. The sensor signal output
terminal (SP) 171c is electrically connected with the Hall sensor 71 of the pretreatment
liquid unit 40P. The data output terminal (DO) 172c and the data input terminal (DI)
173c are electrically connected to the memory 141. The ground terminals (G) 175c,
176¢, 177¢c are electrically connected with the memory 141, the Hall device 71 of the
pretreatment liquid unit 40P, and the Hall device 71 of the black ink unit 40B, respectively.

A substrate 182 is provided on a surface of the wall that extends in a direction
perpendicular to the inserting direction (the primary direction) and is one of the walls

defining the section C in the housing 1a of the printer 1, as shown in Fig. 8A.
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The substrate 182 has substantially the same size as the substrate 142. The
substrate 182 is disposed so as to face the substrate 142 of the cartridge 40 when the
cartridge 40 is installed in a predetermined position (See Fig. 8B) in the section C. A
base material 201 is disposed on a surface of the substrate 182 as shown in Figs. 18 and 19.
Eight terminals 170p to 177p are provided on a surface of the base material 201 such that
the terminals 170p to 177p correspond to the terminals 170c to 170c, respectively.

As shown in Fig. 19, each of the terminals 170p to 177p is made of a leaf spring
having a substantially C-shape in cross section, and has a first end 205, a second end 203,
and a top portion 202. In each of the terminals 170p to 177p, the first end 205 is a fixed
end that is fixed to the substrate 182 to establish electric connections therebetween and the
second end 203 is a free end that can bend at a portion 204. The second end 203 is urged
in the primary direction and in a direction that the second end 203 approaches the terminals
170c to 177c of the cartridge 40 installed in the predetermined position in the section C.

The terminals 170p to 177p are arranged in a mirror image of the terminals 170c
to 177c¢ such that the terminals 170p to 177p make contact with the terminals 170c to 177c,
respectively, when the cartridge 40 is installed in the predetermined position in the section
C.

Specifically, the terminals 170p to 177p are arranged such that their top portions
202 make contact with the centers of the terminals 170c to 177c, respectively, when the
cartridge 40 is installed in the predetermined position in the section C.

As shown in Fig. 9, the sensor signal receiving terminal (SB) 170p, the sensor
signal output terminal (SP) 171p, the data receiving terminal (DO) 172p, and the data
transmitting terminal (DI) 173p are electrically connected with the controller 100. The
electric power output terminal (V) 174p is electrically connected with a power supply 158.
The ground terminals 175p, 176p, 177p are grounded. The power supply 158 is provided
inside the housing la.

A process of installing the cartridge 40 into the printer 1 will be described with
reference to Figs. 5SA to 12, 18 and 19. The tray 35 is not illustrated in Figs. 8A to 8C for
sake of simplicity. In Fig. 9, electric power supply lines are shown by thick lines and
signal lines are shown by thin lines.

While the cartridge 40 is separated from the printer 1, hollow tubes 153 of the
printer 1 are not inserted into the respective plugs 50 of the black ink unit 40B and the

pretreatment liquid unit 40P. Therefore, the valves 60 are held at the open positions (See
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Fig. SA). In this state, electric connections between the terminals 170c to 177c and the
corresponding terminals 170p to 177p are not established. Thus, the electric power is not
supplied to the Hall devices 71 or the memory 141, and the controller 100 is not capable of
performing signal transmission and reception with the Hall devices 71 and the memory
141.

For installation of the cartridge 40 into the printer 1, the cartridge 40 is placed in
the tray 35 first (See Fig. 2) and the tray 35 is inserted into the section C of the housing 1a
in the primary direction (in a direction shown by an open arrow in Fig. 8A) such that the
terminals 170c to 177c of the cartridge 40 are in contact with the corresponding terminals
170p to 177p of the housing 1a as shown in Fig. 8B.

In the state shown in Fig. 8B, the centers of the terminals 170c to 177¢ are in
contact with the top portions 202 of the corresponding terminals 170p to 177p to establish
electric connections therebetween. Thus, the electric power is supplied from the power
supply 158 to the Hall devices 71 and the memory 141 via the terminals 174p and 174c.
Further, the controller 100 becomes capable of receiving signals from the Hall device 71 of
the black ink unit 40B via the terminals 170c and 170p, receiving signals from the Hall
device 71 of the pretreatment liquid unit 40P via the terminals 171c and 171p, reading data
from the memory 141 via the terminals 172c and 172p, and writing data into the memory
141 via the terminals 173c and 173p.

In a process of installing the cartridge 40 into the printer 1, first, the centers of the
terminals 170c to 177c¢ contact the top portions 202 of the corresponding terminals 170p to
177p immediately before the cartridge 40 is completely installed in the printer 1. Then,
until the cartridge 40 is completely installed in the printer 1, the terminals 170c to 177c
press the corresponding terminals 170p to 177p to change states of the terminals 170p to
177p from a state shown in a solid line to a state shown in a dashed line as shown in Fig.
19. That is, the terminals 170p to 177p bend at their portions 204 in the primary direction
and in a direction that the second ends 203 distance from the terminals 170c to 177c of the
cartridge 40 installed in the predetermined position in the section C. The terminals 170c
to 177¢ have contact portions (shown by dot and dashed lines in Fig. 7), respectively, to
which the top portions 202 of the corresponding terminals 170p to 177p contact after the
cartridge 40 is completely installed in the printer 1. The contact portions include the
centers of the terminals 170c to 177c, respectively. The contact portions in the terminals

175¢, 170c 171c, 174c arranged in the top row gradually shift upward in the vertical
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direction from a position slightly below the contact portions shown in Fig. 7 and the
contact portions in the terminals 176¢, 173c, 172c, 177c arranged in the bottom row
gradually shift downward in the vertical direction from a position slightly above the
contact areas shown in Fig. 7 in a period of time from immediately before and until after
the cartridge 40 is completely installed in the printer 1.

A support member 154 is provided to a wall, which extends in the direction
perpendicular to the secondary direction, faces the caps 46 of the cartridge 40 when the
cartridge 40 is installed in the predetermined position in the section C, and is one of the
walls defining the section C of the housing la. The support member 154 is configured to
be movable in the secondary direction with respect to the housing 1a while supporting the
hollow tubes 153. The hollow tubes 153 correspond the head 2 for discharging the black
ink and the head 2 for discharging the pretreatment liquid, respectively. The hollow tubes
153 are in fluid communication with the respective flexible tubes attached to the joints of
the corresponding heads 2.

In the state shown in Fig. 8B, the cartridge 40 is separated from the hollow tubes
152 so that the reservoirs 42 are not in fluid communication with the corresponding flow
paths of the corresponding heads 2.

The printer 1 comprises an installation detection switch 159 that is configured to
detect an installation of the cartridge 40 in the predetermined position in the section C (See
Fig. 9).

The installation detection switch 159 comprises a protrusion at the wall that
extends in the direction perpendicular to the inserting direction and is one of the walls
defining the section C of the housing la. The protrusion is disposed near the substrate
182, for example. Before the cartridge 40 is installed into the section C, the protrusion
protrudes from the wall. When the cartridge 40 is inserted into the section C and is
placed at the position shown in Fig. 8B, the protrusion retracts in the wall by the pressing
of the housing 41 of the cartridge 40. The installation detection switch 159 is configured
to output OFF signals when the protrusion protrudes from the wall and ON signals when
the protrusion retracts in the wall.

The controller 100 determines whether the cartridge 40 has been installed in the
predetermined position in the section C, based on a signal received from the installation
detection switch 159 (S1 in Fig. 11. Hereinafter, S stands for a step). When the
controller 100 detects that the cartridge 40 has been installed in the predetermined position
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in the section C by the receipt of an ON signal from the installation detection switch 159
(S1:YES), the controller 100 records the time at which the cartridge 40 is installed in the
predetermined position (the installation time) (S2) and reads, from the memory 141 of the
cartridge 40, the data of the liquid reservoir capacity, the sensor output values, the
manufacture date, the liquid usage amount, the number of hollow tube insertions, the
number of recorded sheets, and the cumulative usage time (S3).

After S3, the controller 100 determines whether a read error has occurred (S4).
When the controller 100 could not perform a reading procedure normally, the controller
100 determines that a read error has occurred (S4:YES) and notifies the error via an output
device 160, e.g., a display or a speaker of the printer 1 (S5) (See Fig. 9). After S5, the
controller 100 stops operations of each component of the printer 1 (S6).

The read error may occur due to damage to the memory 141 caused by a short
circuit occurred between the terminal 172c the terminal 174c or due to a malfunction in
communications capabilities of the controller 100 caused by a short circuit occurred
between the terminal 173c¢ and the terminal 174c.

When the controller 100 could not perform a reading procedure normally in S4,
the controller 100 determines that a read error has not occurred (S4:NO). Then, the
controller 100 controls a moving mechanism 155 (See Fig. 9) to move the support member
154 holding the hollow tubes 153 in the secondary direction (a direction indicated by a
thick arrow in Fig. 8C).

In accordance with the movement of the hollow tubes 153 in S7, the hollow tubes
153 penetrate the substantially centers of the respective plugs 50 via the openings 46a in
the primary direction as shown in Fig. 5B.

Each hollow tube 153 has an opening 153b formed therethrough at its one end.
Therefore, in this state, the opening 153b is positioned in the ink outlet path 43b, so that a
flow path 153a provided in the hollow tube 153 and the ink outlet path 43a are in fluid
communication with each other via the opening 153b. The plug 50 is perforated with a
hole by the penetration of the hollow tube 153. A portion surrounding the hole of the
plug 50 intimately contacts the circumference of the hollow tube 153 by the elasticity of
the plug 50. Therefore, leakage of liquid from é. gap between the hole of the plug 50 and
the hollow tube 153 is prevented.

Then, a tip of the hollow tube 153 contacts the valve body 62, and the valve body
62 moves together with the O-ring 61 by the further insertion of hollow tube 153 into the
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ink outlet path 43a. Thus, the O-ring 61 is separated from the valve seat 43z (See Fig.
5B), and the valve 60 changes to the open position from the closed position.

When the valve 60 is in the open position, the fluid communication between the
reservoir 42 and the outside of the reservoir 42 is allowed via the ink outlet path 43a.
That is, as shown in Fig. 5B, when the hollow tube 153 penetrates the plug 50 and the
valve 60 is in the open position, the reservoir 42 and the flow path of the head 2 are in fluid
communication with each other via the ink outlet path 43a and the flow path 153a.

After S7, the controller 100 receives signals from the Hall devices 71 of the black
ink unit 40B and the pretreatment liquid unit 40P (S8). After S8, the controller 100
determines whether the valves 60 of the black ink unit 40B and the pretreatment liquid unit
40P are in the open positions, i.e., the reservoirs 42 and the corresponding heads 2 are in
fluid communication with each other and the liquid is allowed to flow from the reservoirs
42 to the corresponding heads 2 via the corresponding hollow tubes 153, based on the
signals received in S8 and the output values Vmax and Vmin read from the memory 141 in
S3 (S9). The determination in S9 is made in a manner described below.

Fig. 12 is a graph showing a relationship between a position of the valve 60 and
an output value from the Hall device 71. The horizontal axis represents the position of
the valve 60 in the first direction. The vertical axis represents output values from the Hall
device 71. Vmax is an output value from the Hall device 71 to which a predetermined
drive voltage is applied when the valve 60 is in the closed position shown in Fig. 5A.
Vmin is an output value from the Hall device 71 to which the predetermined voltage is
applied when the valve 60 is in the open position shown in Fig. 5B. A threshold value Vt
(e.g., Vt = (Vmax + Vmin)/2)) is obtained based on the output values Vmax and Vmin read
by the controller 100 in S3. When the output value from the Hall device 71 received in
S8 is smaller than or equal to the threshold value Vt, the controller 100 determines that the
valve 60 is in the open position. When the output value from the Hall device 71 received
in S8 is larger than the threshold value Vt, the controller 100 determines that the valve 60
is in the closed position.

When a predetermined time has elapsed while the valves 60 of the black ink unit
40B and the pretreatment liquid unit 40P are not in the open positions (S10:YES), the
controller 100 notifies an error (S5) and the controller 100 stops operations of each
components of the printer 1 (S6).

The open error may occur due to a breakage of the Hall device 71 of the black ink
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unit 40B caused by a short circuit occurred between the terminal 170c and the terminal
174c, due to a breakage of the Hall device 71 of the pretreatment liquid unit 40P caused by
a short circuit occurred between the terminal 171a and the terminal 174c¢, due to a
malfunction in communications capabilities of the controller caused by a short circuit
occurred between the terminal 173c and the terminal 174c, or due to existence of a
defective condition in the plugs 50 or the valves 60 of the cartridge 40, or the hollow tubes
153 or the moving mechanism 155 of the printer 1.

When the controller 100 determines that the valves 60 of the black ink unit 40B
and the pretreatment liquid unit 40P are in the open positions (S9:YES), the controller 100
writes, in the memory 144, data of a value that obtained by adding 1 (one) to the number of
hollow tube insertions read in S3 (S11). Then, the controller 100 determines whether a
recording command has been received from the external device (S12).

When the controller 100 determines that the recording command has been
received (S12:YES), the controller 100 performs recording of a page of a sheet P by
controlling the sheet feed motor 125, the transport motor 127, the discharge motor 128, and
the heads 2 (S13). After S14, the controller 100 calculates a current liquid usage amount
for one page of a sheet, i.e., an amount of black ink and an amount of pretreatment liquid
that were discharged onto the page of the recorded sheet P during the current recording
operation (S11).

After S14, the controller 100 writes, into the memory 141, data of the liquid usage
amount of the black ink and the liquid usage amount of the pretreatment liquid (the total
amount of liquid that has been used in each reservoir 42 since the cartridge 40 is in a
brand-new condition, i.e., a value obtained by adding the current liquid usage amount for
one page of the sheet P obtained in S14 to the liquid usage amount read in S3 with respect
to each of the black ink and the pretreatment liquid) and data of the number of recorded
sheets (the number of sheets P that have been recorded by using the cartridge 40 since the
cartridge 40 is in a brand-new condition, i.e., a value obtained by adding 1 (one) to the
number of recorded sheets read in S3) (S15). Therefore, as it is evident e.g. from Fig. 11,
while the controller reads and writes data into and from the memory repeatedly during the
whole operation, the signal of the sensor is only read in step S8 during or shortly after
insertion of the cartridge.

After S12, the controller 100 determines whether a write error has occurred (S16).

When the controller 100 could not perform a writing procedure normally, the controller
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100 determines that a write error has occurred (S16:YES). Then, the controller 100
notifies the error (S5) and stops operations of each component of the printer 1 (S6).

The write error may occur due to damage to the memory 141 caused by a short
circuit occurred between the terminal 172c the terminal 174c or due to a malfunction in
communications capabilities of the controller 100 caused by a short circuit occurred
between the terminal 173¢ and the terminal 174c.

When the controller 100 could perform a writing procedure normally, the
controller 100 determines that a write error has not occurred (S16:NO), and determines
whether the recording command includes data of a next page based on the image data
included in the recording command received in S12 (S17).

When the recording command includes data of a next page (S17:YES), the
controller 100 returns the routine to S13 and executes the processing of S13 to S16.
When the recording command does not include data of a next page (S17:NO), the
controller 100 returns the routine to S12 and waits until the controller 100 determines that
a recording command is received.

The printer 1 comprises a lock mechanism (not shown) configured to lock the
cartridge 40 in the predetermined position. When the controller 100 determines that the
cartridge 40 has been installed in the predetermined position in the section C (S1:YES), the
controller 100 drives the lock mechanism simultaneously with the processing of S2, for
example, to lock the cartridge 40 in the predetermined position together with the tray 35.

To remove the cartridge 40 from the printer 1, a release button is pressed. When
the controller 100 detects the pressing of the release button, first, the controller 100
controls the moving mechanism 155 (See Fig. 9) to move the support member 154 in a
direction reverse to the direction indicated by the bold arrow (See Fig. 8C). Thus, the
support member 154 moves from the position shown in Fig. 8C to the position shown in
Fig. 8B. At that time, in accordance with the movement of the hollow tube 153 leftward
in Fig. 5B in each of the black ink unit 40B and the pretreatment liquid unit 40P, the valve
60 also moves leftward in Fig. 5B and contacts the valve seat 43z by the urging force of
the coil spring 63. Thus, the valve 60 changes from the open position to the closed
position. When the output values received from the Hall device 71 exceed the threshold
value Vt in each of the black ink unit 40B and the pretreatment liquid unit 40P, the
controller 100 determines that the valves 60 are in closed positions and obtains the current

usage time (the period between the installation time and a removal time at which the
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controller 100 determines that the valves 60 are in closed positions) based on the
installation time recorded in S2 and the removal time. The controller 100 writes, into the
memory 141, data of a value obtained by adding the cumulative usage time read in S3 (i.e.,
the total period of time during which the cartridge 40 has been installed in the printer 1
since the cartridge 40 is in brand-new condition) to the obtained current usage time. After
that, the hollow tube 35 is removed from the plug 50. At that time, the hole formed in the
plug 50 by the hollow tube 153 becomes smaller by the elasticity of the portion
surrounding the hole so as to prevent the leakage of liquid from the gap between the hole
of the plug 50 and the hollow tube 153.

Then, the controller 100 drives the lock mechanism to release the cartridge 40.
Therefore, the tray 35 can be removed from the section C. When the tray 35 is removed
from the section C, the substrate 142 of the cartridge 40 is separated from the substrate 182
of the printer 1. Therefore, electric connections between the terminals 170c to 177c and
the corresponding terminals 170p to 177p are released, and the electric power is not
supplied to the Hall devices 71 and the memory 141. Accordingly, the controller 100 is
not capable of performing signal transmission and reception with the Hall devices 71 and
the memory 141.

The controller 100 controls to display a value obtained by reducing the liquid
usage amount written into the memory 141 in S15 from the liquid reservoir capacity, on the
output device 160, such as a display, of the printer 1, as an amount of liquid remaining in
each reservoir 42.

The controller 100 embodies a communication section for performing
communications with the cartridge 40 installed in the section C as shown in Fig. 10 and
also embodies each section corresponding to the processing of Fig. 11.

A cartridge installation detecting section M1 embodies the processing of S1. A
reading section M2 embodies the processing of S3. A read error determining section M3
embodies the processing of S4. A notification control section M4 embodies the
processing of S5. A recording prohibiting section M5 embodies the processing of S5. A
moving control section M6 embodies the processing of S7. A receiving section M7
embodies the processing of S8. A receiving error determining section M8 embodies the
processing of S9 and S10. A writing section M9 embodies the processing of S11. A
write error determining section M10 embodies the processing of S16. A recording control

section M11 embodies the processing of S13. A fluid communication determining section
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M12 embodies the processing of S9.

Referring to Figs. 13 to 17, second to sixth embodiments of the invention will be
described. Printers and cartridges of the second to sixth embodiments of the invention
have substantially the same structure as the printer 1 and the cartridge 40 of the first
embodiment of the invention except arrangements or structures of terminals provided to
the cartridges and the housings of the printers.

As compared with the cartridge 40 according to the first embodiment shown in
Fig. 7, a cartridge 40 according to the second embodiment comprises terminals 170c, 171c,
172¢c, 173¢, 174¢, 175¢, 177¢ as shown in Fig. 13, i.e., the ground terminal 176c is omitted
from the cartridge 40.

As compared with the cartridge 40 according to the first embodiment shown in
Fig. 7, a cartridge 40 according to the third embodiment comprises terminals 170c, 171c,
172¢, 173¢, 174c, 177c as shown in Fig. 14, i.e., the ground terminals 175¢ and 176¢ are
omitted from the cartridge 40.

As compared with the cartridge 40 according to the first embodiment shown in
Fig. 7, a cartridge 40 according to the fourth embodiment comprises terminals 170c to
177c as shown in Fig. 15. The data output terminal 172¢ of the cartridge 40 of the fourth
embodiment has an L-shaped extended portion 172cl. The extended portion 172cl
extends from one end toward the terminal 171¢, and bends and further extends toward the
electric power input terminal 174c.

As compared with the cartridge 40 according to the first embodiment shown in
Fig. 7, a cartridge 40 according to the fifth embodiment comprises terminals 170c, 171c,
174c, 176c, 177c and a data input/output terminal 574c as shown in Fig. 16. The data
input/output terminal 574c has functions of the data output terminal 172c and the data
input terminal 173c. The ground terminal 175¢ is omitted from the cartridge 40. The
terminals 170c, 171c, 174c, 176¢, 177c, 574c are arranged in two rows each of which
includes three terminals. A substrate 542 of the cartridge 40 of the fifth embodiment of
the invention has a width narrower than the substrate 142 of the cartridge 40 the first
embodiment of the invention.

It is assumed that each distance between centers of the terminal 174c and a
respective one of the terminals 170c, 171¢, 574c is x0, x1, x4 and each shortest distance
between edges of the terminal 174c¢ and a respective one of the terminals 170c, 171c, 574¢

is y0, y1, y4. The terminals 174c, 170c, 171c, 574c are arranged on the substrate 542
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such that their positional relationship satisfies x1 <x0 <x4 and yl <y0 <y4. xn(n=0
or 1) represents a distance between centers of terminals 174c and 17nc. yn (n =0 or 1)
represents a shortest distance between edges of terminals 174c and 17nc. y4 represents a
distance between edges of the terminal 574c and the terminal 174c.

As compared with the cartridge 40 according to the first embodiment shown in
Fig. 7, a cartridge 40 according to the sixth embodiment comprises the terminals 170c to
175¢ aligned in a row as shown in Fig. 17. The ground terminals 176¢c and 177c are
omitted, and the cartridge 40 of the sixth embodiment comprises the ground terminal 175¢
only. A substrate 642 of the cartridge 40 the sixth embodiment of the invention is shorter
in height and wider in width than the substrate 142 of the cartridge 40 of the first
embodiment.

In each of the second to sixth embodiments of the invention, terminals and
substrates provided to the housing 1a of the printer 1 are configured to correspond to the
terminals and the substrates provided to the cartridge 40. ‘

As described above, according to the first to sixth embodiments of the invention,
the distance between the data output terminal 172c (the data input/output terminal 574c in
the fifth embodiment) and the electric power input terminal 174c is greater than the
distance between the electric power input terminal 174c and the respective one of the
sensor signal output terminals 170c and 171c.

In the fourth embodiment, each distance between a specific terminal and a
respective one of specific terminals is defined without consideration of the existence of the
extended portion 172c1 that has no potential for contacting with any of the terminals of the
housing la even if the cartridge 40 is displaced in the predetermined position. The
extended portion 172c1 of the terminal 172c is not a main portion of a terminal according
to the invention. A main portion of each terminal of the cartridge refers to a portion that
has a potential for contacting a corresponding one of the terminals of the housing la. In
the first, second, third, fifth, and sixth embodiments, the main portion refers to the entire
portion of each terminals. In the fourth embodiment, the main portion refers to the entire
portion of each terminals other than the terminal 172c, and refers to a portion of the
terminal 172¢ except the extended portion 172¢1.

In the first to sixth embodiments, each shortest distance between edges of a main
portion of a specific terminal and a respective one of main portions of specific terminals

and each distance between centers of a main portion of a specific terminal and a respective
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one of main portions of specific terminals provided on each substrate 142, 542, 642 are
defined as described above.

In the first to fifth embodiments, the main portions of the terminals are arranged
in a matrix in the second direction and the third direction on each substrate 142, 542. The
sensor signal output terminals 170c and 171c and the electric power input terminal 174c
are arranged in this order in the second direction such that their main portions are adjacent
to each other. The data output terminal 172¢ (the data input/output terminal 574c in the
fifth embodiment) and the electric power input terminal 174c are arranged such that their
main portions are not adjacent to each other in either the second direction or the third
direction, i.e., their main portions are arranged in positions oblique to each other.

In the first to fourth embodiments, the substrate 142 has areas 161 to 168 arranged
in a matrix with rows and columns in the second direction and the third direction. The
substrate 542 has areas 561 to 566 arranged in a matrix with rows and column in the
second direction and the third direction. The terminals of the cartridge 40 are arranged
such that each terminal includes the center of the corresponding area 161 to 168. The
area 164 on which the electric power input terminal 174c is disposed at its center, the area
163 on which the sensor signal output terminal 171c is disposed at its center, and the area
162 on which the electric power input terminal 174c is disposed at its center, are arranged
in this order adjacent to each other in the second direction. The area 164 and the area 167
on which the data output terminal 172 is disposed at its center are arranged such that they
are not located adjacent to each other in either the second direction or the third direction,
i.e., they are arranged in positions oblique to each other. In the fifth embodiment, the
substrate 542 has areas 561 to 566 arranged in a matrix with rows and column in the
second direction and the third direction. The terminals of the cartridge 40 are arranged
such that each terminal includes the center of the corresponding area 561 to 566. The
area 563 on which the electric power input terminal 174c, the area 562 on which the sensor
signal output terminal 171c is disposed at its center, and the area 561 on which the electric
power input terminal 174c is disposed at its center, are arranged in this order adjacent to
each other in the second direction. The area 563 and the area 565 on which the data
input/output terminal 574c is disposed at its center are arranged such that they are not
located adjacent to each other in either the second direction or the third direction, i.e., they
are arranged in positions oblique to each other.

In the sixth embodiment, the main portions of the terminals are arranged in the
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second direction on the substrate 642. The sensor signal output terminals 170c and 171¢
and the electric power input terminal 174c are arranged in this order in the second direction
such that their main portions are adjacent to each other. The data output terminal 172¢
and the electric power input terminal 174c are arranged such that their main portions are
not adjacent to each other in the second direction, i.e., other terminal is interposed between
the data output terminal 172c¢ and the electric power input terminal 174c.

The substrate 42 has areas 661 to 666 arranged in a row in the second direction.
The terminals of the cartridge 40 are arranged such that each terminal includes the center
of the corresponding area 661 to 666. The area 666 on which the electric power input
terminal 174c is disposed at its center, the area 665 on which the data output terminal 171c
is disposed at its center, and the area 664 on which the data output terminal 170c is
disposed at its center, are arranged in this order adjacent to each other in the second
direction. The area 666 and the area 663 on which the data output terminal 172c is
disposed at its center are arranged such that they are not located adjacent to each other in
the second direction, i.e. other area is interposed between the area 666 and the area 663.

In the first to sixth embodiments, the influence of a short circuit can be prevented
by which the positional relationship of the terminals is specified as described above.

The memory 141 is configured to store data, which relates to signals generated by
the Hall devices 71 (the output values Vmax and Vmin from the Hall devices 71) and is
used for the determination of positions (the open position or the closed position) of the
valves 60 (the determination of establishment of fluid communication between the heads 2
and the corresponding reservoirs 42). Accordingly, if one of the memory 141 and the
Hall devices 71 is damaged due to a short circuit while the cartridge 40 is installed in the
section C (before a recording control is started), the controller 100 cannot determine
whether the heads 2 and the corresponding reservoirs 42 are in fluid communication with
each other. Thus, the controller 100 cannot perform the recording control. As compared
with the case where the Hall device 71 is damaged, if the memory 141 is damaged due to a
short circuit, more inconvenience situations may occur in addition to the above problem.
For example, a manufacturer may not provide timely service to a user based on the data
stored in the memory 141. The manufacturer keeps track of the length of time each
reservoir 42 of a cartridge 40 will provide liquid based on the cumulative usage time and
the number of recorded sheets stored in the memory 141. The grasping of the cartridge

conditions makes the manufacturer provide a new cartridge 40 to the user at about the time
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the reservoirs become empty of liquid. However, the manufacturer cannot provide such a
timely service to the user if the memory 141 is damaged.

Recycle efficiency of the cartridge 40 may be decreased in a case where the
cartridge 40 is recycled based on the data stored in the memory 141. For example, it
cannot be determined whether the life of each plug 50 of the cartridge 40 is within its
useful time if the data of the number of hollow tube insertions stored in the memory 141 is
lost. Thus, a plug 50, which is unnecessary to be replaced because its life is within the
useful time, needs to be undesirably replaced with a new one.

The manufacturer may not charge a user based on the data stored in the memory
141, e.g., the liquid usage amount and/or the number of recorded sheets.

In the first to sixth embodiments, the protection of the memory 141 takes priority
over the protection of the Hall devices 71 by which the positional relationship of the
terminals is specified as described above. Accordingly, the influence of a short circuit,
such as the inconvenience situations described above, can be prevented.

The controller 100 of the printer 1 performs the writing of the liquid usage amount
and the number of recorded sheets into the memory 144 (S15) and the determination on the
presence or absence of an error in the writing into the memory 141 (S16) in a period
between the recording of a page of a sheet (S13) and the recording of the next page of a
sheet (S13). Therefore, if the memory 141 is damaged due to a short circuit occurred
between the data output terminal 172c¢ (the data input/output terminal 574c in the fifth
embodiment) and the electric power input terminal 174c during the recording of a page of
a sheet, the controller 100 determines that a write error has occurred (S16:YES), notifies
the error (S5) to prohibit the further recording operation, and stops operations of each
components of the printer 1 (S6).

On the other hand, the controller 100 does not perform the determination on the
presence or absence of an error in receipt of signals from the Hall devices 71 in a period
between the recording of a page of a sheet (S13) and the recording of the next page of a
sheet (S13). Therefore, if either or both of the Hall devices 71 are damaged due to a short
circuit occurred between the electric power input terminal 174c and the sensor signal
output terminal 170c and/or between the electric power input terminal 174c¢ and the sensor
signal output terminal 171c, the controller 100 continues to perform the recording
operation.

That is, the recording operation can be continued even if either or both of the Hall
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devices 71 are damaged during the execution of the recording control although the
recording operation cannot be continued if the memory 141 is damaged during the
execution of the recording control.

In the first to sixth embodiments, the protection of the memory 141 takes priority
over the protection of the Hall devices 71 by which the positional relationship of the
terminals is specified as described above. Accordingly, the influence of a short circuit on
the recording operation can be prevented.

The terminals of the cartridge 40 and the terminals of the housing 1a are usually
designed such that their centers contact with each other, respectively (the centers of the
terminals of the cartridge 40 have contact portions, respectively). Accordingly, the
influence of the short circuit caused by foreign matters adhered to the contact portion (e.g.,
foreign matters sandwiched between the terminal of the cartridge 40 and the terminal of the
housing 1a) can be efficiently prevented by which the positional relationship is defined
with reference to each distance between the centers of the contact portions of the specific
terminals.

As described above, according to the first to fourth, and sixth embodiments of the
invention, the distance between the data input terminal 173c and the electric power input
terminal 174c is greater than the distance between the data output terminal 172¢ and the
electric power input terminal 174c (both of the distance between the centers of the
terminals and the shortest distance of the edges of the terminals).

The memory 141 may be damaged if a short circuit occurs between the data
output terminal 172¢ and the electric power input terminal 174c. The controller 100 may
be damaged if a short circuit occurs between the data input terminal 173¢ and the electric
power input terminal 174c. Replacement of the controller 100 costs higher than
replacement of the memory 141. Accordingly, the controller 100 is prevented from being
damaged by which the positional relationship between the terminals is defined as described
above, and the costs for replacement of the components due to the short circuit can be
reduced.

In the fifth embodiment, the data input/output terminal 574¢ functions as both of
the data 6utput terminal and the data input terminal. Therefore, the configuration of the
terminals and the wiring on the substrate can be simplified.

While the invention has been described in detail with reference to the specific

embodiments thereof, it would be apparent to those skilled in the art that various changes,
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arrangements and modifications may be applied therein without departing from the spirit
and scope of the invention.

The terminals to be provided to the liquid cartridge may be modified as described
below. The terminals may be separately provided on a plurality of substrates. The
shape of the terminals may not be limited to a rectangle, but any shape, e.g., a circle, may
be acceptable. The terminals may be arranged in random pitches. Although the
terminals of the above-described embodiments are provided on the surface that extends in
the direction perpendicular to the inserting direction of the cartridge 40, the terminals may
be provided on other surface, e.g., a surface that extends in parallel to the inserting
direction. The number of sensor signal output terminals to be provided may be changed
along with the number of sensors to be provided. An arbitrary number of ground
terminals may be provided, or otherwise, the ground terminals may be omitted. The
electric power input terminal may be electrically connected with at least one of the sensor
and the storage so as to supply electric power to at least one of the sensor and the storage,
e.g., electric power may be supplied to the storage via the data input terminal. At least
one electric power input terminal may be provided. Two or more electric power input
terminals may be acceptable to be provided if the positional relationship of the electric
power input terminals satisfies the distance conditions. The terminals may be arranged
such that their positional relationships satisfy at least one of the distance conditions of the
distance between the centers of the terminals and the shortest distance between the edges
of the terminals. The arrangements or size of the terminals may be changed if their
positional relationships satisfy the distance conditions. For example, in Fig. 7, the data
input terminal 173c and the data output terminal 172¢ may be switched their positions.
The sensor signal output terminal 170c and the sensor signal output terminal 171¢ may be
switched their positions. The electric power input terminal 174c may be disposed at the
left right corner, at the upper left corner, or at the lower left corner, on the substrate 142, or
may be disposed at any positions other than the corners. The number of rows including
the terminals and the number of terminals to be included in each row may be arbitrarily
determined. The terminals may be arranged in a circle or in a random fashion.

The terminals to be provided to the housing of the printer may be modified as
described below. The terminals may have the substantially same or larger size than the
terminals of the liquid cartridge. The number of terminals may not be equal to the

number of terminals to be provided to the liquid cartridge. The arrangement of the
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terminals may not be partially correspond to that of the terminals to be provided to the
liquid cartridge. For example, the terminals of the liquid cartridge may be arranged in
two rows, each of which includes three terminals as shown in Fig. 14, and the terminals of
the housing may be arranged in two rows, each of which includes four terminals. In this
case, a few of the terminals of the housing do not contact the terminals of the liquid
cartridge. Similar to this configuration, the number of terminals of the liquid cartridge
may not be equal to the number of terminals of the housing and the arrangement of the
terminals of the liquid cartridge may not be partially correspond to that of the terminals of
the housing. In this case, also, a few of the terminals of the liquid cartridge do not contact
the terminals of the housing. The terminals may be made of leaf springs (the terminals
urged toward a direction that the terminals approach the terminals of the liquid cartridge by
their urging forces) or may be made of other materials. The terminals of the housing and
the terminals of the liquid cartridge may be designed such that the terminals of the housing
contact the corresponding terminals of the liquid cartridge at portions other than their
centers if their positional relationships satisfy the distance conditions with reference to the
contact portions.

The structures of the liquid cartridge may be modified as described below. The
sensors are not limited to the magnetic sensors such as the Hall devices 71. Sensors of
different types, e.g., photosensors of reflection type or transmission type, or mechanical
sensors configured to determine whether or not to contact an object to detect the presence
or absence of the object, may be used instead. The sensor may be configured to directly
or indirectly detect the presence or absence of the object that is to be inserted into the flow
path. Although the Hall devices 71, which are configured to detect the opening or closing
of the valves 60, are used as such the sensor in the above-described embodiments, for
example, an installation detecting sensor, which is configured to detect the installation of
the liquid cartridge in a cartridge installation portion, may be used as such the sensor when
the object is inserted into the flow path and exists therein at the substantially same time of
the installation of the liquid cartridge in the cartridge installation portion. For example,
the installation detection switch 159 or the photosensors used in the above-described
embodiments may be used as the installation detecting sensor. At least one sensor may be
provided in the liquid cartridge. The liquid cartridge may store one kind of liquid only
although the cartridge 40 according to the above-described embodiments stores two
different kinds of liquid (i.e., the black ink and the pretreatment liquid) individually. Data
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to be stored in the storage may not be limited to specific data. The storage may store data
that can lead to the output values and the amount of liquid remaining in the liquid
reservoir, instead of the output values and the amount of liquid remaining in the liquid
reservoir themselves, as data relating to the signals generated by the sensors and the
amount of liquid remaining in the liquid reservoir. The structures, e.g., shapes or
arrangements, of the components of the liquid cartridge, e.g., the housing 41, the reservoirs
42, the ink outlet tubes 43, the plugs 50, the valves 60, the sensor units 70, the memory
141, and the substrate 142, may be changed as necessary, other components may be added
to the liquid cartridge, or some of the components may be partially omitted from the liquid
cartridge, without departing from the spirit and scope of the invention.

The controls performed in the main body of the image recording device may be
modified as described below. The operations (e.g., discharging operations from the
heads) of each component may be stopped without notification of an error. The timing at
which signal transmission and reception becomes available between the liquid cartridge
and the image recording device or the timing at which supply of electric power from the
image recording device to the liquid cartridge becomes available may not be limited to the
timing as described above. Those timings may be arbitrarily changed. In the
above-described embodiments, the installation detection switch 159 of a mechanical sensor
type is used as an installation detecting section configured to detect the installation of the
liquid cartridge in the installing portion. The sensor type may not be limited to the
specific embodiments, and may be a photosensor, or a switch configured to output ON
signals while electric connections are established between the image recording device and
the liquid cartridge. The writing of data by the writing section and the determination on
the presence or absence of an error by the write error determining section may be
performed also before a recording command is received from an external device. The
timings at which each section implements the functions, e.g., the timing at which the
reading section reads data stored in the storage of the liquid cartridge, the timing at which
the writing section writes data into the storage of the liquid cartridge, the timing at which
the receiving section receives signals from the sensors, the timing at which the write error
determining section determines the presence or absence of a write error, the timing at
which the receiving error determining section determines the presence or absence of a
receiving error, and the timing at which the moving section moves the hollow members,

may be arbitrarily changed without departing from the spirit and scope of the invention.
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The hollow members may not have pointed tips like needles.

The liquid to be stored in the liquid cartridge may not be limited to the ink or the
pretreatment liquid. The liquid may be, for example, aftertreatment liquid to be
discharged onto a recording medium for improving image qualities, or cleaning liquid for
cleaning the transport belt.

At least one liquid cartridge may be provided to the image recording device.

The number of heads to be provided may not be limited to two. At least one
head may be provided. The image recording device may be a color inkjet printer
comprising heads for discharging inks of black, magenta, cyan, and yellow.

The image recording device according to the invention may be a line-type image
recording device or a serial-type image recording device. The image recording device
may be applied to not only printers but also facsimile machines or copying machines, for
example.

The substrate to be provided to the liquid cartridge may be an adaptor substrate
detachably attachable to the liquid cartridge. The positional relationships of terminals
provided on the substrate need to satisfy the distance conditions as described above.
However, the positional relationships of the terminals of the liquid cartridge to which the

substrate is attached may not be limited.
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CLAIMS

1. A liquid cartridge (40) for a line head printer (1) comprising:

a casing (41) comprising an outer surface;

a liquid reservoir (40B, 40P) disposed in the casing (41) and configured to store
more than 100 Milliliter liquid therein;

a liquid flow path configured to place the liquid reservoir (40B, 40P) in fluid
communication with an exterior of the liquid cartridge on the outer surface of the casing
(41);

a sensor (70) configured to detect a first and a second position of a movable
member (60) and configured to output a signal in relation to the first and second position of
the movable member (60);

a storage (141) configured to store data;

a substrate (142) disposed on the outer surface of the casing (41) and on which a
plurality of terminals (170c — 177¢) are disposed;

wherein the plurality of terminals comprises:

a sensor terminal (170c, 171c¢) connected to the sensor (70);

a data terminal (172¢, 173c) connected to the storage (141);

a power terminal (174c) connected to at least one of the sensor (70) and the
storage (141); and

wherein a distance between the power terminal (174c) and the data terminal (172c,
173c) is greater than a distance between the power terminal (174c) and the sensor terminal

(170c, 171c).

2. The liquid cartridge according to claim 1, wherein the liquid reservoir (40B, 40P)
is configured to provide liquid from the liquid reservoir (40B, 40P) to the exterior of the
liquid cartridge (40) in such an amount that at certain positions of the line head printer (1)

the humidity increases.

3. The liquid cartridge according to any one of claims 1 to 2, wherein the sensor (70)
is configured to output the signal in relation to the first and second position of the movable
member (60) during or shortly after installing the liquid cartridge (40) into an installing
portion (35) of the line head printer and the data terminal (172c, 173c¢) is configured to
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transmit data repeatedly during the time of usage of the liquid cartridge (40) in the line
head printer (1).

4, The liquid cartridge according to any one of claims 1 to 3, wherein a plurality of
terminals comprising the sensor terminal (170c, 171c) and the power terminal (174c) are

arranged in a first line,

wherein a plurality of terminals comprising the data terminal (172¢, 173¢) are
arranged in a second line substantially parallel to the first line, and

wherein a distance between the terminals arranged in the first line and the
terminals arranged in the second line is greater than a distance between the terminals

arranged in the first line.

5. The liquid cartridge according to claim 4, wherein the sensor terminal (170c,

171c¢) is positioned adjacent to the power terminal (174c¢) in the first line.

6. The liquid cartridge according to any of claims 4 to 5, further comprising a

ground terminal (175¢, 176¢, 177¢) positioned in the second line.

7. The liquid cartridge according to any of claims 1 to 3, wherein the plurality of
terminals comprising the sensor terminal (170c, 171c¢), the data terminal (172¢, 173c), and

the power terminal (174c) are arranged in a line.

8. The liquid cartridge according to claim 7, wherein the sensor terminal (170c,

171c¢) is positioned adjacent to the power terminal (174c).

9. The liquid cartridge according to claim 7, further comprising a ground terminal
(175c, 176¢, 177c), and the sensor terminal (170c, 171¢c) and the data terminal (172¢, 173¢)
are positioned between the power terminal (174c) and the ground terminal (175¢c, 176c,

177¢).

10. The liquid cartridge according to any of claims 1 to 9, wherein the data stored in

the storage (141) comprises information data relating to an amount of liquid remaining in
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the liquid reservoir (40B, 40P).

11. The liquid cartridge according to any of claims 1 to 10, wherein the data

comprises information data relating to the number of sheets that have been recorded.

12. An image recording device (1) comprising:
the liquid cartridge according to any one of claims 1 to 11;
a main body to which the liquid cartridge (40) is attached, the main body
comprising:
an installing portion (35) into which the liquid cartridge is installed;
a hollow member (153) configured to be inserted into the liquid cartridge
(40) installed in the installing portion (35);
a liquid discharge head (2) configured to be in fluid communication with
the hollow member (153) and to discharge liquid received from the liquid cartridge (40)
via the hollow member (153);
a communication section that performs communication with the liquid
cartridge installed in the installing portion (35);
a sensor signal receiving terminal (170p) configured to establish electric
connections with the communication section;
a data receiving terminal (172p) configured to establish electric
connections with the communication section;
a power supply (158); and
an electric power output terminal (174p) configured to establish electric
connections with the power supply (158),
wherein the communication section is configured to read the data stored in the
storage (141) via the data output terminal (173p) and the data receiving terminal (172p)
and is configured to receive the signal from the sensor (70) via the sensor signal output

terminal (171p) and the sensor signal receiving terminal (170p).

13. The image recording device according to claim 12, wherein the storage (141) is
configured to store data relating to the signal, and wherein
the communication section is further configured:

to determine whether an read error has occurred during reading of the data; and
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to prohibit the recording operation when the read error has occurred.

14. An image recording device according to any of claim 12 or 13, wherein the
communication section writes, into the storage (141) of the liquid cartridge (40), at least
one of data relating to an amount of liquid discharged from the liquid discharge head (2)
during the recording operation, and data relating to the number of recording media

recorded.

15. The image recording device according to any one of claims 12 to 14, wherein the
communication section receives the signal from the sensor (70) during or shortly after
installing the liquid cartridge (40) into the installing portion (35) of the main body and
transmits data through the data terminal (172c, 173c¢) repeatedly during the time of usage
of the liquid cartridge (40) in the image recording device (1).
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