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ABSTRACT OF THE DISCLOSURE

Ink tank which enables accurate detection of
exlistence/absence of liquid even 1f a storage
containing liguid such as ink 1s stored under a severe
environment, and a cartridge 1ncluding the ink tank, as
well as a printing apparatus utilizing the cartridge.

A low surface energy processing agent including alkyl
polysiloxane and alcohol 1s coated on prism 180
provided on the bottom portion of ink tank 7, thereby

performing low surface energy processing on the prism

180.
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TITLE OF THE INVENTION

INK TANK, CARTRIDGE INCLUDING THE INK TANK, AND

PRINTING APPARATUS USING THE CARTRIDGE

BACKGROUND OF THE INVENTION

The present 1nvention relates to an ink tank, a
cartridge including the ink tank, and a printing
apparatus using the cartridge, and more particularly,
an 1nk tank supplying ink to a printhead which performs
printing according to an ink-jet printing method, a
cartridge including the ink tank, and a printing

apparatus employing the cartridge.

Conventionally, as a method of detecting the
amount of 1nk residue in an ink tank containing ink or
detecting existence/absence of ink in the ink tank,
optical detection of the amount of ink residue or ink
exlstence/absence is known.

For instance, Japanese Patent Application Laid-
Open (KOKAI) No. 8-112907 discloses an ink-jet printing
apparatus which detects the amount of ink residue in an
1nk tank having a negative pressure generating material
e.g. absorbent material, foaming material or the like,

by transmitting light through a part of the transparent
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wall surface of the ink tank and detecting changes in

optical reflectance in the boundary portion between the
wall surface of the ink tank and the negative pressure
generating material.

Furthermore, Japanese Patent Application Laid-
Open (KOKAI) No. 7-218321 discloses an ink tank
comprising an optical ink detection unit which is
formed with a light-transmitting material made of the
same material as the ink tank, and the boundary surface
between ink and the optical ink detection unit has a
predetermined angle with respect to an optical path.
Still further, Japanese Patent Application Laid-Open
(KOKAI) No. 9-29989 discloses an ink-jet printing
apparatus capable of detecting existence/absence of ink
and existence/absence of an i1nk tank by a single
photosensor serving as both light-emission device and
photoreceptor.

Besides the aforementioned apparatuses, Japanese
Patent Application Laid-Open (KOKAI) No. 7-89090
discloses an apparatus for detecting existence or
absence of liquid in a liquid container comprising: a
negative-pressure-generating-material housing chamber
which houses a negative pressure generating material
and has a liquid supply opening and an air hole; and a
liquid containing chamber which has a channel connected

with the negative-pressure-generating-material housing
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chamber and forms a substantially enclosed space.
Herelin, the conventional 1nk existence/absence
detection mechanism utilizing a light-transmitting
prism 1s explalined with reference to Fig. 6. Fig. 6
shows a positional relation among a light-transmitting
prism provided on the bottom surface of an ink tank, a
light emission device which emits light on the prism,
and a photoreceptor which receives the emitted light.
As shown 1n Fig. 6, a prism 1060 is integrally
molded to the bottom portion 1061 of the ink tank.
Light emitted externally by a light emission device
1062 from the bottom of the ink tank 1s incident on the

prism 1060.

When the ink tank 1s sufficiently filled with ink,

the i1ncident light takes the optical path I — II’' as

shown 1n Fig. 6 and is absorbed by the ink, so that the
light does not return to the photoreceptor 1063. On
the other hand, when the i1nk 1s consumed and the ink
tank contains no ink, the incident light is reflected
by the oblique portion of the prism 1060 and takes the
optical path I —» II — III, then reaches the
photoreceptor 1063 as shown in Fig. 6. In the
foregoing manner, ink existence/absence 1s detected by
whether or not the light emitted by the light emission
device 1062 returns to the photoreceptor 1063.

Note that the light emission device 1062 and
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photoreceptor 1063 are provided 1n the main body of a
printing apparatus.

The above-described 1nk existence/absence
detection mechanism may be regarded as a rational
method of realizing detection of an ink level or ink
exlstence/absence in an ink tank at low cost.

Meanwhile, another configuration 1s also known
for performing such optical ink residue detection.
More specifically, water repellent processing 1is
performed on a component provided in the optical path
so as to avoid an ink droplet from being attached to
the component. By this configuration, even when the
amount of i1nk 1n the i1nk tank decreases, i1t 1is possible
to avoilid erroneous 1nk residue detection caused by the
ink droplet attached to the surface of the component
provided 1n the optical path.

For 1nstance, Japanese Patent Application Laid-
Open (KOKAI) No. 7-237300 discloses a construction
utilizing silicone or Teflon resin as a water repellent
agent 1in order to avoid i1nk droplet attachment to the
side wall surface of the ink tank or light reflector,
serving as a component provided in the optical path.
In addition, Japanese Patent Application Laid-Open
(KOKAI) No. 8-187873 discloses a technique of
performing surface processing such as water repellent

or 01l repellent processing on the inner wall surface
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of an i1nk tank, which serves as a component provided in
the optical path, instead of polishing the inner wall

surface of the 1nk tank to reduce the surface roughness
thereby enlarging the contact angle between ink and the

5 1ink tank inner wall surface.

However, recently, higher image quality and
higher printing quality are required in ink-jet
printing apparatuses, and the types of ink used in
printing apparatuses are diversified. 1Inks used are,

10 for instance, an aqueous pigment ink in which pigment
serving as a colorant is dispersed in water with the
use of a dispersant, or an aqueous pigment ink
utilizing self-dispersing pigment capable of stable
dispersion without using a dispersant by reforming the

15 surface of the pigment, or a dispersing-type ink such
as micro-emulsion ink or the like in which an oil-base
dye 1s dispersed by emulsification.

Inventors of the present invention have used such
1nk, in which a colorant is dispersed, in the above-

20 described conventional examples, and discovered that in
the environment of a high temperature, even if there is
no ink droplet attached to the inner portion of an ink
tank, light emitted by a light emission device for ink
residue detection and incident upon the 1nk tank does

25 not always return to a photoreceptor.

As a result otf careful study of the above problem



CA 02287592 1999-10-26

by the 1nventors, the inventors have discovered that,
particularly in the environment of a high temperature,
dispersion of the colorant becomes unstable and the
colorant adsorbs to the inner wall of the ink tank.

5 When the colorant adsorbs to the inner wall of the ink

tank, the light emitted by the light emission device

for 1nk residue detection and incident upon the ink

tank 1s absorbed by the colorant adsorbed to the inner

wall of the ink tank.

10 Because of this, despite the fact that ink does

not exist i1n the ink tank, determination is made that

1nk sti1ll exists in the ink tank.

SUMMARY OF THE INVENTION
15

The present invention is made in consideration of

the result of the above study, and has an object to
provide an 1nk tank which enables accurate detection of

existence/absence of liquid even when using the type of

ink in which a colorant is dispersed, a cartridge

20 including the ink tank, and a printing apparatus

employing the cartridge.
According to one aspect of the present invention,

the foregolng object is attained by providing an ink

tank, 1n which a part of a storage containing ink where

25 a colorant is dispersed, is coated with a low surface

energy processing agent including alkyl polysiloxane.
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Herein, 1t 1s preferable that acid be included in
the low surface energy processing agent.
Furthermore, 1t 1s preferable that the alkyl
polysiloxane coated on the part of the storage be 1 to
5 15 pg per unit area (1 mm?).
Furthermore, the storage comprises a prism having
a first surface which receives light emitted by an
external device, and a second surface which receives
the light reflected by the first surface and changes an
10 optical path of the light received such that the
optical path of the light is headed to the external
device, the prism formed with a light-transmitting
material, provided on a bottom portion of the storage,
and protruded from the bottom portion of the storage
15 toward an interior of the storage, wherein the prism is
coated with the low surface energy processing agent.
Still further, only the first surface and the

second surface of the prism may be coated with the low

surface energy processing agent.

20 According to another aspect of the present
invention, the foregoing object is attained by
providing an ink tank, in which a part of a light-
transmitting wall surface which forms a storage
containing ink where a colorant is dispersed, has lower

25 surface energy than other portions of the wall surface.

Furthermore, 1t 1s preferable that a low surface
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energy processing agent including alkyl polysiloxane be
coated on the part of the light-transmitting wall
surface having low surface energy.

Furthermore, 1t 1s preferable that the ink tank
comprises a prism having a shape of substantially
polygonal prism where the part of the light-
transmitting wall surface constitutes a plurality of
reflection surfaces having a predetermined angle with
respect to an optical path of light emitted from a
light source located externally at a predetermined
position, wherein a side surface of the prism is coated
with the low surface energy processing agent including
alkyl polysiloxane.

According to still another aspect of the present
invention, the foregoing object is attained by
providing an 1ink tank comprising: a storage containing
ink where a colorant is dispersed; and a residual
amount detector for optically detecting ink residue
contained i1n the storage, wherein the residual amount
detector 1s provided on a part of a wall surface which
forms the storage, and the residual amount detector is
coated with a low surface energy processing agent
including alkyl polysiloxane and acid so as to have
lower surface energy than other portibns of the wall
surface where the residual amount detector is not

provided.
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Herein, 1t 1s preferable that the storage
comprises: a first chamber containing the ink only and
forming a substantially enclosed space; a second
chamber contalning an absorbent which retains ink by
absorbing i1nk and serves as a negative pressure
generating material; and a channel where the first and
second chambers are connected, wherein the first
chamber 1ncludes the residual amount detector, and the
second chamber 1ncludes an outlet for externally
discharging liquid and an opening for introducing
outside air.

According to still another aspect of the present
invention, the foregoing object 1s attained by
providing an 1nk tank, in which a part of a storage
contalning solution i1n which solvent includes insoluble
or slightly soluble fine particles, 1s coated with a
low surface energy processing agent i1ncluding alkyl
polysiloxane.

According to the aforementioned ink tank, since
the surtface of a part of the storage containing liqguid
1in the 1nk tank 1s coated with a low surface energy
processing agent, 1t 1s possible to create a surface
energy difference i1n the inner wall of the ligquid
storage. By virtue of this, even 1n the case of
utilizing an agqueous pigment ink in which pigment

serving as a colorant 1s dispersed in water with the
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use of a dispersant, or an agqueous pigment ink
utilizing self-dispersing pigment capable of stable
dispersion without using a dispersant by reforming the
surface of the pigment, or a dispersing-type ink such
as micro-emulsion ink or the like in which an oil-base
dye 1s dispersed by emulsification, attachment
(adhesion) of the colorant to the surface-processed
portion (having low surface energy) is suppressed, and
the colorant 1s attached preferentially to other
portions (having high surface energy) whose surface is
not processed. As a result, 1t 1s possible to prevent
attachment of the colorant to the surface processed
portion (having low surface energy).

Accordingly, assuming that the surface processed
portion 1s a prism provided in the optical path of
optical ink residue detection, even when using the type
of 1nk where a colorant is dispersed, existence or
absence of liquid (ink) can be accurately detected.

According to still another aspect of the present
invention, the foregoing object is attained by
providing a cartridge including the ink tank having
atforementioned configuration, the cartridge comprising:
a printhead for discharging liquid contained in the ink
tank; and a holder for holding the ink tank.

Herein, 1t 1s preferable that the ink tank be

detachable from the holder.
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Furthermore, it 1is preferable that the printhead
be an ink-jet printhead which performs printing by
discharging ink. In this case, the ink-jet printhead
includes heat energy transducers for generating heat
energy to be applied to the ink so that the printhead

discharges ink by utilizing the heat energy.

According to still another aspect of the present
invention, the foregoing object is attained by
providing a printing apparatus for printing an image on

a print medium by using the ink tank having

aforementioned configuration, the printing apparatus
comprising: a printhead for performing printing by
discharging ink contained in the ink tank; optical
means for emitting light to the residual amount
detector and receiving reflection light from the
residual amount detector; detection means for detecting
a residual amount of liquid contained in the ink tank
based on the optical means; and control means for
controlling printing operation performed by the

printhead based on the detection result obtained by the

detection means.

Note that in the specification of the present

invention, “weight” or “%” indicates a percentage by

welght unless specified otherwise.

Moreover, the prism according to the present

invention is formed with a light-transmitting material,
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and comprises a surface which constructs a part of an
external wall surface of a liquid container such as an
ink tank, and a plurality of reflection surfaces which
are different from the aforementioned surface, and
whose boundary surface with contents (e.g., ink) of the
storage has a predetermined angle with respect to the
optical path. The prism is structured such that the
amount of light reflected by the reflection surfaces
differs depending on existence or absence of the
contents of the liquid storage. Therefore, the
plurality of reflection surfaces are protruded toward
the 1nterior of the container. Note that instead of
the plurality of reflection surfaces, a curved surface
may be provided.

The present invention is particularly
advantageous because, by coating the low surface energy
processing agent not on the entire inner wall surface
of the 1ink tank, but on the prism provided in an
optical path of optical ink residue detection, it is
possible to create a lower surface energy portion
compared to other portions of the inner wall surface of
the i1nk tank, which are in contact with ink. Therefore,
even under a severe 1nk storage condition, a part of
the composition of the liguid, e.g., colorant or the
like, does not attach to remain on the prism surface.

Accordingly, the prism is always kept in an excellent
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state for reflecting light, and therefore liquid

exlstence/absence can be accurately detected.
Furthermore, by virtue of including acid in the
low surface energy processing agent having alkyl
5 polysiloxane, it is possible to increase the adsorbent
of the alkyl polysiloxane which has adsorbed tb the
inner wall surface of the liquid container such as an
ink tank.
Other features and advantages of the present

10 1invention will be apparent from the following
description taken in conjunction with the accompanying
drawings, 1in which like reference characters designate

the same or similar parts throughout the figures

thereof.

15

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated
1n and constitute a part of the specification,
1llustrate embodiments of the invention, and together

20 with the description, serve to explain the principles

of the i1invention.

Fig. 1 1s a perspective view showing a schematic
construction of a printing apparatus, as a typical
embodiment of the present invention, which includes a

25 printhead for performing printing in accordance with an

ink-jet printing method;
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Fig. 2 1is a block diagram showing a structure of
a control circuit of the printing apparatus;

Figs. 3A and 3B are block diagrams showing
detaliled configuration of an ink detection unit 25:

Figs. 4A and 4B are perspective views showing an
external appearance of a head holder 200 holding an ink
tank 7 and printhead 1;

Fig. 5 1s a sectional side view showing an
internal structure of the ink tank 7; and

F1g. 6 shows a positional relation among a
conventional light-transmitting prism provided on the
bottom surface of an ink tank, a light emission device
which emits light on the prism, and a photoreceptor

which receives the emitted light.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention
will be described in detail in accordance with the
accompanylng drawlings.

Fig. 1 1s a perspective view showing a schematic
construction of a printing apparatus, as a typical
embodiment of the present invention, which includes a
printhead for performing printing in accordance with an
ink-jet printing method. 1In the present embodiment, a
printhead 1 connected with an ink tank 7 which supplies

ink thereto construct an ink cartridge 20 as shown in
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Fig. 1. Note, in the present embodiment, although the
1nk cartridge 20 is configured such that the printhead
1 and ink tank 7 are separable as will be described
later, an 1nk cartridge where a printhead and ink tank
are 1ntegrated as a unit may be used.

On the bottom surface of the ink tank 7, a prism
for detecting existence/absence of ink is provided.
The configuration thereof will be described later.

The printhead comprises means (e.g.,

electrothermal transducer or laser beam generator or

the like) for generating heat energy as energy utilized
upon execution of ink discharge, and employs a method
which causes a change in state of ink by the heat
energy, among 1ink-jet printing methods. According to
this method, a high-density, high-precision printing
operation can be attained.

Referring to Fig. 1, the printhead 1 is attached
to a carriage 2 in the manner such that the printhead
discharges ink downward in Fig. 1. While the carriage
2 moves along a guide 3, the printhead 1 discharges ink
droplets to form an image on a print medium (not shown)
e.g. print paper. Note that the lateral movement
(reciprocal movement) of the carriage 2 is realized by
rotation of a carriage motor 4 via a timing belt 5.

The carriage 2 has an engagement latch 6 which engages

with an engagement slot 7a of the ink tank, fixing the
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ink tank 7 to the carriage 2.

Upon printing for one scan by the printhead, the
printing operation is suspended, a print medium
positioned on a platen 8 is conveyed a predetermined

> amount by driving a feed motor 9, and image forming for
the subsequent scan is performed by moving the carriage
2 along the guide 3.

On the right side of the main body of the

printing apparatus, a recovery device 10 which performs
10 recovery operation for maintaining a good ink discharge

condition 1s provided. The recovery device 10 includes

a cap 11 for capping the printhead 1, a wiper 12 for

wiping the ink discharge surface of the printhead 1,

and a suctlon pump (not shown) for sucking ink from the
15 1ink discharge nozzle of the printhead 1.

The driving force of the feed motor 9 for
conveylng a print medium, which is normally transmitted

not only to the print medium conveyance mechanism, but

also to an automatic sheet feeder (ASF) 13.

20 Moreover, on the side of the recovery device 10,
an optical unit 14, consisting of an infrared LED
(light emission device) 15 and phototransistor
(photoreceptor) 16, is provided for detecting
exlstence/absence of ink and existence/absence of an

25 1ink tank. These light emission device 15 and

_ photoreceptor 16 are arrayed in the convevance
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direction of a print medium (direction indicated by the
arrow F). The optical unit 14 is attached to a chassis
17 of the main body of the printing apparatus. Upon
attaching the ink cartridge 20 to the carriage 2, if

5 the carriage 2 moves to the right from the position
shown 1n Fig. 1, the ink cartridge 20 comes to the
position above the optical unit 14. In this position,
1t 1s possible to detect the ink existence or absence
from the bottom surface of the ink tank 7 by using the

10 optical unit 14 (details will be described later).

Next, the configuration for executing print

control of the above-described apparatus will be

described.

Fi1g. 2 1s a block diagram showing the structure

IS5 of a control circuit of the printing apparatus. In Fig.
2, reference numeral 1700 denotés an interface for
inputting a print signal; 1701, an MPU; 1702, a ROM for
storing control programs to be executed by the MPU
1701; and 1703, a DRAM for storing various data

20 (aforementioned print signal, print data supplied to
the printhead 1 and so on). Reference numeral 1704
denotes a gate array (G.A.) which controls supplying
print data to the printhead 1, and also controls data
transfer among the interface 1700, MPU 1701 and RAM

25 1703. Reference numeral 1705 denotes a head driver for

driving the printhead 1; 1706 and 1707, motor drivers
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for driving the feed motor 9 and carriage motor 4
respectively.

The operation of the foregoing control structure
wlill now be described. When the interface 1700
recelves a print signal, the print signal is converted
to print data for printing in between the gaté array
1704 and the MPU 1701. Then, as the motor drivers 1706
and 1707 are driven, the printhead 1 is driven in
accordance with the print data transmitted by the head
driver 1705, performing printing.

Note that reference numeral 1710 denotes a
display portion comprising an LCD 1711 which displays
various messages related to a condition of printing
operation or the printing apparatus, and an LED lamp
1712 1ncluding various colors for informing the
conditions of printing operation or the printing
apparatus.

Moreover, the MPU 1701 controls the operation of
an ink detection unit 25 which detects ink
exlstence/absence in the ink tank 7. The ink
detection unit 25 is described below in detail.

Figs. 3A and 3B are block diagrams showing
detailed configuration of the ink detection unit 25.

In the configuration shown in Fig. 3A, the
controller 32 outputs a pulse signal having a

predetermined duty ratio (DUTY) (%) to an LED driving
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circult 30 based on a control signal sent by the MPU
1701, and drives the light emission device 15 which
constructs a part of the optical unit 14 in accordance
with the duty ratio so as to emit infrared light upon
the bottom portion of the ink tank 7.

The infrared light is reflected upon the optical
prism 180 (hereinafter réferred to as the prism)
provided on the bottom portion of the ink tank 7 and
returned to the photoreceptor 16 which constructs the
rest of the optical unit 14. The photoreceptor 16, i.e.
a phototransistor, converts the received light into an
electrical signal and outputs the electrical signal to
a low-pass filter (LPF) 31. The low—pass filter (LPF)
31 transmits only the signal having a low frequency
component of the received electrical signal to the
controller 32, eliminating high frequency noise. The
controller 32 performs A/D conversion on the signal
transmitted by the low-pass filter (LPF) 31, converting
1t into a digital signal. Then, the converted digital
signal 1s transferred to the MPU 1701.

Note that the light emission device 15 is an LED
emitting infrared light 28, and the photoreceptor 16 is
a phototransistor for receiving infrared light 29 and
outputting an electrical signal in accordance with the
intensity of the received light, as shown in Fig. 3B.

These LED and phototransistor are arranged along the
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conveyance direction of a print medium as shown in Fig.
1.

Next, an overall configuration of the ink tank

preterably applicable to the preéent embodiment will be
5 described with reference to Figs. 4 and 5.

Figs. 4A and 4B are perspective views showing an
external appearance of a head holder 200 holding the
ink tank 7 and the printhead 1. Fig. 4A shows the
state where the i1nk tank 7 is detached from the head

10 holder 200, while Fig. 4B shows the state where the ink
tank 7 1s held by the head holder 200. Fig. 5 is a
sectional side view showing an internal structure of
the ink tank 7.

The 1nk tank 7 according to the present

15 embodiment has a shape approximate of a rectangular

-4

parallelepiped, and has an air hole 120 on the upper

wall 7U, which connects with the internal portion of
the ink tank 7.
On the bottom wall 7B of the ink tank 7, an ink
20 supply pipe 140 having an ink supply opening is
protruded in the pipe-like form. In the shipping stage,
the air hole 120 is sealed with a film or the like, and
the i1ink supply pipe 140 is sealed with a cap, whiCh 1s
an 1nk supply opening sealing material.
25 Reference numeral 160 denotes a resilient lever

formed integrally on the outer portion of the ink tank




10

15

20

25

CA 02287592 1999-10-26

7, and a latch 160A 1s provided in the middle of the
lever.

Reference numeral 200 denotes a head holder
integrating a printhead, where the aforementioned ink
tank 7 1s to be attached. In the present embodiment,
ink tank 7 including three containers (7C, 7M and 7Y),
each having e.g. cyan, magenta or vellow ink, are held
in the head holder 200. On the bottom of the head
holder 200, the printhead 1 which discharges each of
the color ink 1s integrally formed. Note that an ink
tank containing black (Bk) ink only may be attached'to
the head holder to construct a printhead for monochrome
printing. A window 1s provided on the bottom of the
head holder 200 so that an ink existence/absence
detection portion, which will be described later, can
detect whether or not there i1s residual ink, in
cooperation with the optical unit 14 and ink detection

unit 25.

The printhead 1 is formed such that the plural
discharge orifices of the printhead face downward
(hereinafter the surface of the printhead where the
plural discharge orifices are formed will be referred
to as discharge-orifice surface).

From the state shown in Fig. 4A, the ink tank 7
1s pressed into the head holder 200 such that the ink

supply pipe 140 1s engaged with an ink supply pipe
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receptor (not shown) provided in the printhead 1 and an
ink passage pipe of the printhead 1 is inserted into
the 1nk supply pipe 140. As a result, the latch 160A
of the lever 160 is engaged with a projection (not
shown) formed in a predetermined portion of the head
holder 200, and the ink tank 7 is properly inserted in
the head holder 200 as shown in Fig. 4B. The head
holder 200 integrating the ink tank 7 is attached to
e.g., the carriage 2 of the printing apparatus shown in
Fig. 1, and become ready for printing. In this state,
there 1s a liquid level difference (H) between the
level of liquid on the bottom portion of the ink tank 7
and the level of liquid on the discharge-orifice
surface of the printhead 1.

Next, the internal structure of the ink tank 7
will be described with reference to Fig. 5.

The 1nk tank 7 according to the present
embodiment lets air in through the air hole 120
pfovided on the ceiling portion of the ink tank, and
the bottom portion of the ink tank 7 is connected to
the 1nk supply opening. Inside the ink tank 7, a
negative-pressure-generating-material housing chamber
340 1ncluding an absorbent material 320 serving as a
negative pressure generating material, and a
substantial-closed liquid storage 360 containing liquid

ink are separated by a partition wall 380. The
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negative-pressure-generating-material housing chamber
340 and liquid storage 360 are connected only through a
channel 400 of the partition wall 380 formed near the
bottom portion of the ink tank 7.

On the upper wall 7U of the ink tank 7 which
forms the negative-pressure-generating-material housing
chamber 340, plural ribs 420 projected into the ink
tank 7 are formed, and the plural ribs are 1n contact
with the absorbent material 320 housed in the negative-
pressure-generating-material housing chamber 340 in the
compressed form. Between the upper wall 7U and the top
surface of the absorbent material 320, an air buffer
room 440 1s formed. The absorbent material 320 is
formed with heat-compressed urethane foam, and housed
in the negative-pressure-generating-material housing
chamber 340 1n the compressed form so as to produce a
predetermined capillarity which will be described later.
An absolute value of the pore size of the absorbent
material 320 for producing the predetermined
capillarity differs depending on the type of the ink
used, dimension of the ink tank 7, position of the
discharge-orifice surface of the printhead 1 (liquid
level difference H) and so on.

In the 1nk supply pipe 140 forming the ink supply
opening 140A, a disc-shape or cylindrical-shape

pressured solid body 460 is provided. The pressured
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solid body 460 1s formed with a felt made of e.qg.
polypropylene, and 1s not deformed easily by external
force. In the state shown in Fig. 4A where the ink
tank 1s not inserted in the head holder 200, the

5 pressured solid body 460 is pushed into the absorbent
material 320 so as to partially compress the absorbent
material 320. Therefore, at the upper end portion of
the 1nk supply pipe 140, a flange is formed around the
pressured solid body 460.

10 In the 1nk tank, configured with the negative-
pressure-generating-material housing chamber which
houses a negative-pressure material and includes the
liquid supply opening and air hole, and the liquid
storage which forms substantial enclosed space and has

15 a passage connected to the negative-pressure-
generating-material housing chamber, when ink absorbed
by the absorbent material 320 1s consumed by the
printhead 1, ink is supplied to the absorbent material
320 1n the negative-pressure-generating-material

20 housing chamber 340 from the liquid storage 360 through
the channel 400 of the partition wall 380. At this
time, although the pressure inside the liquid storage
360 1s reduced, air from the air hole 120, coming
through the negative—pressure—generating—material

25 housing chamber 340, is supplied to the liquid storage

360 through the channel 400 provided on the partition
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wall 380, and the reduced pressure in the liquid
storage 360 1s compensated. Therefore, even if ink is
consumed by the printhead 1, ink is provided to the
absorbent material 320 in accordance with the consumed
amount, enabling the absorbent material 320 to keep a
constant amount of ink and maintain a substantially
constant negative pressure to the printhead 1.
Accordingly, 1ink supplied to the printhead is kept
stable. As the i1nk absorbed by the absorbent material
320 1s consumed, ink in the liquid storage 360 is
consumed.

Accordingly, by virtue of providing the liquid
storage 360 of the ink tank with the prism 180 which
becomes a part of the ink existence/absence detection
mechanism to inform a user that ink in the liquid
storage 360 has been consumed, thus letting the user
exchange the i1nk tank, the printing apparatus can be
used without concern of ink shortage.

According to the present embodiments, the prism

180 serves as the above-described ink existence/absence

detection portion.
The prism 180 is a triangular prism having a

shape of an 1sosceles triangle whose apical angle is

90°. Therefore, if the length (a) of the base of the

1sosceles triangle and the length (b) of the prism in

the direction perpendicular to the drawing sheet of Fig.
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5 are known, the area (S) of the prism’s oblique planes
exposed 1nside the ink tank 7 is obtained by
(V2) X a X b.

Next, description will be provided on the
processing of improving water repellency to prevent
attachment of a colorant to the prism 180, employed in
the printing apparatus having the above-described
configuration for detecting ink existence/absence.

This processing is performed to lower the surface
energy on the prism surface relatively to other areas
of the i1nk tank, and will be referred to as low surface
energy processing hereinafter.

A processing agent emploved in the low surface
energy processing according to the present embodiment
has a composition specified in the embodiments 1 and 2
which will be described later. Although each of the
embodiments 1 and 2 assumes that the density of alkyl
polysiloxane is 4 weight %, the alkyl polysiloxane
content in the low surface energy processing agent is
in the range of 1 to 20 weight %, more preferably, 2 to
8 weight %.

The reason 1s that, although it depends upon the
coated amount of the low surface energy processing
agent, 1f the alkyl polysiloxane content is excessive,
alkyl polysiloxane which does not adsorb to the surface

of the prism 180 may elute in the ink and cause
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deterioration of ink discharge capability, whereas if
the alkyl polysiloxane content is small, the surface of
the prism 180 1is not sufficiently processed to achieve
low surface energy processing and the expected effect
cannot be attained.

Furthermore, although 2-propanol and 2-methyl-2-
propanol are employed as alcohol to serve as a solvent
of alkyl polysiloxane, the present invention is not
limited to this, but may employ volatile alcohol or
water soluble volatile organic solvent.

Moreover, although the embodiment 1 to be
described below employs benzenesulfonic acid as an acid
substance, a strongly acidic substance, e.g., sulfuric
acid, nitric acid, hydrochloric acid, aromatic sulfonic
acid, aliphatic sulfonic acid or the like, may be used.

The aforementioned low surface energy processing
1s performed by applying a droplet (about 3 mg) of the
low surface energy processing agent having the
foregoing composition onto the vertex of the prism 180
with a needle (injection needle) having a diameter of
26G, and naturally drying it after the application.
Note that the prism 180 used i1n the present embodiment
1s a triangular prism having a shape of an isosceles
triangle whose apical angle is 90°, wherein the length
(a) of the base of the isosceles triangle is 7 mm and

the length (b) of the prism in the direction
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perpendicular to the drawing sheet of Fig. 5 is 2.6 mm.

By performing the low surface energy processing,
since the area of the prism’s oblique planes exposed to
the interior of the ink tank 7 is 25.7 mm?, 4.7 pg/mm?
of alkyl polysiloxane per unit area (1 mm?) is coated
on the prism.

Herein, as mentioned above, if the low surface
energy processing agent is coated excessively, the
processing agent may not completely be adsorbed to the
prism surface, whereas if the coated amount of the low
surface energy processing agent 1is too small,
sufficient low surface energy processing may not be
pertformed. Therefore, it 1is preferable that the amount
of alkyl polysiloxane coated in the portion (in this
case, prism) subjected to the low surface energy
processing with the low surface energy processing agent
be in the range of 1 to 15 pg/mm’.

By the above-described method, low surface energy
processing using the low surface energy processing
agent having alkyl polysiloxane is performed on the
surface of the prism in the liquid container according
to the present invention, which is provided in the
optical path of optical ink existence/absence detection.
Therefore, the surface energy on the prism surface
becomes relatively lower than other areas of the inner

wall of the storage. The liquid container, on which
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such processing has been performed, is used as an ink
tank for which i1nk existence/absence detection is

performed.

S [Embodiments]

In order to verify the effect of the low surface
energy processing, the following comparative experiment
was conducted.

In the experiment, agqueous pigment ink having the

10 following composition was used.

-Composition of agueous pigment ink
-surface functionalized carbon black dispersion
(product name: Microjet C-type CW1,
15 Orient Chemical Co.) . 5 weight %
-diethylene glycol (water soluble organic
solvent) .. 5 weight %

-glycerin (water soluble organic solvent)

7 welght %
20 -thiodiethyleneglycol (water soluble organic
solvent) . 7 weight %

-Acetylenol EH (trade name: product of Kawaken
Fine Chemicals Co., Ltd.) (surface active agent)

0.1 weight %
25 -potassium sulfate (additive) ... 0.3 weight %

-water .. remainder weight %
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The pigment employed in thilis embodiment is of a
self-dispersing type, which does not use a dispersant
and thus clogging in an 1nk discharge nozzle of a
printhead caused by the resin forming the dispersant is
improved.

Next, the prism of an ink tank such as that shown
1in Fig. 5 was subjected to the low surface energy
processing which will be described below as embodiments
and the ink tank was filled with agueous pigment ink
having the aforementioned composition. Then, the ink
tank was stored for a month under the environment where
temperature was 60°C, then ink was extracted from the
ink tank, and ink residue detection was performed by
using the printing apparatus having the above-described
construction.

Herein, an 1nk tank, upon which ink residue
detection was performed according to the above-
described procedure with the use of the processing
agent of the following embodiment 1, will be referred
to as an experimental sample 1, and an ink tank, upon
which the detection was similarly performed with the
use of the processing agent of the following embodiment

2, will be referred to as an experimental sample 2.

(Embodiment 1)
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-Composition of low surface energy processing agent A

alkyl polysiloxane 4 weight %
2-propanol (alcohol) 45.7 weight %
2-methyl-2-propanol (alcohol) 50 weight %

5 benzenesulfonic acid (acid) 0.3 weight %

(Embodiment 2)

-Composition of low surface energy processing agent B

alkyl polysiloxane 4 weight %
10 2-propanol (alcohol) 46 weight %
2-methyl-2-propanol (alcohol) 50 weight %

The processing agent of each embodiment was
coated on the prism with a needle, as described above,
15 for a desired amount, and naturally dried. In each
embodiment, the amount of alkyl polysiloxane coated on
the prism was 1n the range of 1 to 15 Ug per unit area
(1 mm?) .
For the purpose of comparison, the following two
20 ink tanks were prepared: (1) an ink tank, whose prism
was not processed by low surface energy processing, but
was filled with the agqueous pigment ink having the
aforementioned composition and stored under the same
environment (temperature of 60°C for a month):; and (2)
25 an 1ink tank, whose entire inner wall surface was coated

with the low surface energy processing agent A of the
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foregoing embodiment 1, which was then filled with the
agqueous pigment 1ink having the aforementioned
composition, and stored under the same environment
(temperature of 60°C for a month). After the storage
period, 1nk was extracted from each of the above ink
tanks, and the ink residue detection was similarly
performed using the printing apparatus having the
above-described construction. Herein, the former ink
tank (1) on which ink residue detection was performed
according to the aforementioned procedure will be
referred to as a comparative reference sample 1, and
the latter 1ink tank (2) will be referred to as a
comparative reference sample 2.

As a result, on the prism of the experimental
sample 1, there was no colorant attachment found even

atter the month of storage under the environment where

temperature was 60°C, thus ink residue detection was

'effectively performed. On the other hand, in the

comparative reference samples 1 and 2, the colorant was
attached obviously to the prism after the month of
storage under the environment where temperature was
60°C, and ink residue detection was not effectively
performed (1n other words, despite the empty ink tank,
1t was determined that ink still exists because of the

colorant attached to the prism).

On the contrary, although colorant attachment was
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found 1n the experimental sample 2, in a case where the
same low surface energy processing agent B as in the
experimental sample 2 was applied and the period of ink
storage was reduced (e.g., a couple of days or less),
ink attachment was not found. From the foregoing
comparative experiment, it was verified that, although
acid 1s dispensable as the component of low surface
energy processing agent, including acid as the
component of the low surface energy processing agent
having alkyl polysiloxane can prevent alkyl
polysiloxane, adsorbed to the liquid storage, from
falling off the container and eluting in the ink. In
other words, an effect of improved adsorption is
attained.

Therefore, according to the above-described
embodiments, by coating the low surface energy
processing agent not on the entire inner wall surface
of the i1nk tank, but on a prism provided in the optical
path of the optical ink residue detection, it is
posslible to create a lower surface energy portion
compared to other portions of the inner wall of the ink
tank, which are in contact with ink. Therefore, even
under a severe 1nk storage condition, the colorant does
not attach to the prism, and accurate ink
exlistence/absence detection can be performed.

Note that in the foregoing embodiments, although
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descriptions have been provided assuming that a droplet
discharged from a printhead is ink and that the ligquid
contained in the ink tank i1s 1nk, the contents in the
ink tank 1s not limited to ink. For example, the 1ink
tank may contalin dispersing type solution such as
processing ligquid or the like to be discharged on a
print medium for enhancing fixation of a printed image,
water-proofing a printed 1mage, or i1mproving image
quality.

Furthermore, although the foregoing embodiments
have provided an example of performing water repellent
processing on a prism used for ink residue detection,
the present embodiment may preferably employ the
specific structure of a prism and sequence of ink
exlistence/absence detection which are disclosed 1n
Japanese Patent Application Laid-Open No. 10-323993
filed by the same patent applicant as the present
invention. In addition, the subject upon which the low
surface energy processing agent 1s coated 1s not
limited to the aforementioned prism, but the ink
storage portion of an ink tank which merely contains
ink may be formed with a light-transmitting material
and a part of the storage portion may be coated with

the above-described low surface'energy processing agent.
Furthermore, also i1n the case of performing ink residue

detection of an i1nk tank as disclosed in Japanese
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Patent Application Laid-Open No. 8-11290, in which the
residual amount in an ink tank having a negative
pressure generating material such as an absorbent
material 1s detected by transmitting light through a
part of the transparent wall of the ink tank and
determining changes in optical reflectance in the
boundary portion between the wall surface of the ink
tank and the negative pressure generating material, the
above-described low surface energy processing may be
performed on the portion of the ink tank wall surface,
through which light i1s transmitted. In this case, even
1f the aforementioned aqueous pigment ink is used, the
residual amount can be visually confirmed with ease.
As mentioned above, the prism shown in Fig. 6 1is
formed with a light-transmitting material, and
comprises a surface which constructs a part of the
external wall surface of the ligquid container such as
an i1nk tank, and a plurality of reflection surfaces
which are different from the aforementioned surface,
and whose boundary surface with contents (e.g., ink) of
the contalner has a predetermined angle with respect to
the optical path. The prism is structured such that
the amount of light reflected by the reflection
surfaces differs depending on existence or absence of
the contents of the container. By virtue of using such

prism having the foregoing configuration, ink
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exlstence/absence can be detected by utilizing the

difference 1n a refractive index in the ink tank, which
depends upon the existence/absence of substance on the
reflection surfaces.

Therefore, applying the present invention to the
above-described prism 1is particularly advantagéous
because, 1n the case of using ink in which colorant
such as aqueous pigment 1nk 1s dispersed, an 1ink
droplet does not attach to the prism provided on the
bottom of the ink tank shown i1n Fig. 5 when there 1s no
ink in the ink tank. Furthermore, even 1f the
dispersion of the colorant 1s unstable under the high-
temperature environment, the colorant does not attach
to the prism.

Furthermore, since the printing apparatus
described in the foregoing embodiments 1s capable of
printing at high density and high speed, the apparatus
may be used as output means of a data processing system,
such as a printer serving as an output terminal such as
a copy machine, facsimile, electronic typewriter, word
processor, work station, or as a handy or portable
printer which accompanies a personal computer, optical
disk apparatus, video apparatus or the like. In this
case, the printing apparatus 1s realized 1n the form
adaptive to the unique function and usage configuration

of each apparatus.
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Therefore, the application range of the ink tank
as the liquid container according to the present
invention is not limited to a printing apparatus, but
may be extended to various apparatuses such as a
facsimile apparatus or a copy machine or the like.
Furthermore, the present invention can be applied to a
system constituted by a plurality of devices (e.qg.,
host computer, interface, reader, printer) or to an
apparatus comprising a single device (e.g., copy
machine, facsimile).

The present i1nvention 1s not limited to the above
embodiments and various changes and modifications can
be made within the spirit and scope of the present
invention. Therefore, to apprise the public of the
scope of the present invention, the following claims

are made.
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CLAIMS:

1. An ink tank, comprising a storage portion containing ink in which a
colorant is dispersed,

wherein only a part of said storage portion is coated with a low surface
energy processing agent including alkyl polysiloxane,

wherein said storage portion comprises a prism having a first surface
which receives light emitted by an external device, and a second surface which
receives the light reflected by said first surface and changes an optical path of
the light received such that the optical path of the light is directed to the external
device, said prism being formed from a light-transmitting material, being
provided on a bottom portion of said storage portion, and being protruded from
said bottom portion of said storage portion toward an interior of said storage
portion,

wherein said prism is coated with said low surface energy processing
agent, and

wherein said prism is constructed as a member for detecting ink residue
of said ink tank.

2. The ink tank according to claim 1, wherein the low surface energy

processing agent includes acid.

3. The ink tank according to claim 1, wherein said alkyl polysiloxane

coated on said part of said storage portion is 1 to 15 ug per mm?2.

4, The Ink tank according to claim 1, wherein low surface energy

processing Is performed only on said first and second surfaces of said prism.

S. An Ink tank comprising a storage portion containing ink in which a
colorant is dispersed, and a light-transmitting wall surface for forming said
storage portion, said light-transmitting wall surface including a surface of a prism
having a shape of a substantially polygonal prism,

wherein said prism comprises a plurality of reflection surfaces having

- 38 -
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predetermined angles with respect to an optical path of light emitted from a light
source located externally to said storage portion at a predetermined position,
and at least one of said retlection surfaces is coated with a low surface energy
processing agent including alkyl polysiloxane so as to have a surface energy
lower than that of other portions of said wall surface, and

wherein said prism is constructed as a member for detecting ink.

o. An ink tank comprising:
a storage portion containing ink in which a colorant is dispersed; and
a residual amount detector, which optically detects ink residue contained
in said storage portion,

wherein said storage portion comprises

a first chamber containing the ink only and forming a substantially
enclosecl space,

a second chamber containing an absorbent which retains ink by
absorbing ink and serves as a negative pressure generating material, and

a channel connecting said first and second chambers,

wherein said first chamber includes said residual amount detector,
and said second chamber includes an outlet for externally discharging
liquid and an opening for externally introducing air, and

wherein said residual amount detector is provided on a portion of a
wall surface which forms said storage portion, and said residual amount
detector comprises a prism having a shape of a substantially polygonal
prism and comprising a plurality of reflection surfaces having
predetermined angles with respect to an optical path of light emitted from
a light source located externally to said storage portion at a
predetermined position, and at least one of said reflection surfaces is
coated with a low surface energy processing agent including alkyl

polysiloxane and acid so as to have a surface energy lower than that of

other portions of said wall surface.

/. An Ink tank, comprising a storage portion containing ink in which a

colorant is dispersed, wherein only a part of said storage portion, containing

-39 .
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solution in which solvent includes insoluble or slightly soluble fine particles, Is
coated with a low surface energy processing agent including alkyl polysiloxane,

wherein said storage portion comprises a prism having a first surface
which receives light emitted by an external device, and a second surface which
receives the light reflected by said first surface and changes an optical path of
the light received such that the optical path of the light is directed to the external
device, said prism being formed from a light-transmitting material, being
provided on a bottom portion of said storage portion, and being protruded from
said bottom portion of said storage portion toward an interior of said storage
portion, .

wherein said prism is coated with said low surface energy processing
agent, and

wherein said prism is constructed as a member for detecting ink residue

of said ink tank.

8. A printing apparatus for printing an image on a print medium by
using the ink tank according to claim 6, said printing apparatus comprising:

a printhead for performing printing by discharging ink contained in said
INk tank;

optical means for emitting light to said residual amount detector and
receiving light reflected from said residual amount detector;

detection means for detecting a residual amount of liquid contained In
sald ink tank based on the reflected light received by said optical means; and

control means for controlling printing operation performed by said

printhead based on a detection result obtained by said detection means.

9. A cartridge inciuding said ink tank according to any one of claims
1-3, 4, 5, 6 or /7, said cartridge comprising:
a printhead for discharging liquid contained in said ink tank; and

a holder for holding said ink tank.

10.  The cartridge according to claim 9, wherein said ink tank is

detachable frorm said holder.

- 40 -
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11.  The cartridge according to claim 9, wherein said printhead is an

ink-jet printhead which performs printing by discharging ink.

12.  The cartridge according to claim 11, wherein said ink-jet printhead
iIncludes heat energy transducers for generating heat energy to be applied to the
INk so that said printhead discharges ink by utilizing the heat energy.

RIDOUT & MAYBEE LLP
Toronto, Canada
Patent Agents
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