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DESCRIPTION

PRINTING APPARATUS, INK MIST COLLECTING METHOD,

AND PRINTING METHOD
TECHNICAL FIELD

This invention relates to a printing apparatus,
ink mist collecting method, and printing method, and
10 more particularly to a printing apparatus, ink mist
collecting method, and printing method using an inkjet
printhead which prints by, e.g., discharging fine ink

droplets onto a printing medium.
15 BACKGROUND ART

An inkjet printing apparatus forms an image by
fixing small ink droplets serving as a coloring
material onto the surface of a printing medium.

20 Recently, printing is done on a printing medium by
using not only four conventional color inks including
cyan (C), magenta (M), and yellow (Y) color inks and

vblack (Bk) ink, but also low-density inks of similar
colors (e.g., light magenta and light cyan), and

25 orange, blue, green, and skin color inks.

The volume of one ink droplet used in the inkjet

- printing apparatus decreases to 1.0 pl (picoliter) in
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order to meet recent demands for higher image quality.

An ink droplet 1.0 pl in volume is regarded as
mist, énd it becomes difficu;t to control ink droplets
in such a small volume one by one.

From the viewpbintiof high printing quality, it
is desired to attach droplets of, e.g., 1.0 pl or less
onto desired positions on a printing medium at a
precision of micron order. However, it is difficult to
obtain the desired precision under the influence of a
peripheral air flow. Immediately after discharging
ink, fine ink droplets called "satellites” which are
produced when originally one ink droplet is broken into
a plurality of ink droplets may attach to unintended
positions or float in space.

For this reason, it is difficult to accurately
attach all droplets to desired printing positionms.

If the above-mentioned satellites or ink droplets
bounded back from the surface of a printing medium
float in the air to accuﬁulate fine ink droplets, such
fine ink droplets contaminate the interior of the
printing apparatus and/or degrade the movable
characteristic of the movable portion of the printing
apparatus. In addition, the fine ink dréplets cause
various sensors to malfunction. Further, aggregated
floating mist‘dufing printing attaches to the upper and
lower surfaces of a printing medium, or mist left in’

the apparatus attaches to the upper and lower surfaces
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of the next printing medium subjected to printing,
thereby contaminating the printing medium.

In order to solve this problem, there has
conventionally been proposed a method of charging ink
droplets and controlling them in an inkjet printing
apparatus.

For example, in Japanese Patent Publication
Laid-Open No. 5-008392, the electric field is
controlled to be applied between a printhead and a
printing medium and to be stopped during ink discharge.
This control prevents positive or negative charging of
ink droplets by the electric field and a failure of ink
charged to either polarity in attaching to a printing
medium.

Japanese Patent Publication Laid-Open
No. 5-104724 proposes a method of injecting charges
into ink in the printhead and attracting ink toward a
printing medium.

Japanese Patent Publication Laid-Open
No. 5-124187 proposes a method of éontrolling the
electric field and discriminately controlling main
droplets and subsequent satellite droplets.

Japanese Patent Publication Laid-Open
No. 2002-211005 proposes a method of positively or
negatively charging each of plural types of inks and
capturing mist by an electrode.

Japanese Patent Publication Laid-Open
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No. 2003-014773 proposes a method of charging ink byAan
ionizer and collecting ink droplets.

The techniques disclosgd in these prior arts have
the following problems.

In order to imblemént high-speed printing,
control of the electric field according to Japanese
Patent Publication Laid-Open No. 5-008392 must be
performed at a very high frequency. It is practically
difficult to perform such control, or high-speed
printing is limited. Eleqtromagnetic waves are
generated by high-frequency control of the electric
fieid and act as a noise source, degrading the
reliability and séfety of the printing apparatus.

In the method according to Japanese Patent
Publication Laid-Open No. 5-104724, polarization occurs
because, when a fine droplet is discharged from the
printhead, it elongates in the discharge direction and
is broken into a plurality of droplets. Upon
polarization, a fine droplet is charged positively or
negatively. A fine droplet may be éttracted to a
printing medium or repulsed by the printing medium. It
is difficult to control a fine droplet.

In the method according to Japanese Patent
Publication Laid-Open No. 5-124187, polarization as
described above occurs, and separation of satellite

droplets slightly changes one by one. It is,

- therefore, difficult to accurately control a satellite

<
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droplet.

In the method according to Japanese Patent
Publication Laid-Open No. 2092-211005, the structure of
the printing apparatus becomes complicated because a
charging mechanism fér eéch type of ink must be
arranged.

The method according to Japanese Patent
Publication Laid-Open No. 2003-014773 does not intend
to force ink droplets to move toward a printing medium,

and poses a problem in achieving high-quality printing.
DISCLOSURE OF INVENTION

Accordingly, the present invention is conceived
as a response to the above-described disadvantages of
the conventional art.

For example, a printing apparatus, ink mist
collecting method, and printing method according to the
present invention are capable of controlling the
tréveling direction of fine ink dréplets by
eiectrostatic force, collecting unwanted floating ink
droplets (ink mist) or attaching ink mist onto desired
positions on a printing medium, and thereby échieving
high-quality printing.

According to one aspect of the present invention,
preferably, there is provided a printing apparatus

which prints by discharging an ink droplet from a
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printhead onto a printing medium, comprising: charge
removing means for removing charges from the printing
medium before printing: printing means for printing by
discharging ink from the printhead onto the printing
medium; and collectiﬁg méans for collecting, by
electrostatic force, ink mist which is discharged from
the printhead for printing by said printing means and
floats without being used for printing.

'The collecting means desirably comprises a first
electrode having a polarity opposite to a polarity of
the ink mist, and‘a‘reservoi: unit which stores ink
from ink mist collected by the electrode qnd contains
an absorber.

The collecting means is desirably arranged near
an end of a printing area of the printing medium.

The printing apparatus desirably further
comprises a fan which moves .the ink mist toward the
collecting means via the printing area on a side
opposite to a position where the collecting means is
arranged. |

Alternatively, the printing apparatus may further
comprise a fan, which sends air of the printing area to
a position where the collecting means is arrahged,
provided between the printing area and the position
where the collecting means is arranged.

Alternatively, the printing apparatus may further

comprise a second electrode on a side on which the
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second electrode faces an ink discharge surface of the
printhead via the printing medium in the'printing area
for the printing medium by the printhead, and a surface
of the printing medium that faces the ink discharge
surface of the printhead may be charged by applying a
voltage to the second electrode.

In this case, the ink mist is negatively charged,
and a positive voltage is applied to the first
electrode and the second electrode.

Furthermore, the printing apparatus may further
comprise scanning means for reciprocating the
printhead, a platen which supports the printing medium
along a scanning direction of the scanning means, and
an ink absorber which absorbs ink discharged from the
printhead along the platen. The ink absorber desirably
has a third electrode which attracts the ink mist by
electrostatic force.

In a case where a distance between the ink
discharge surface of the printhead and the printing
medium is short and an electric fiéld is generated, a
polarity of the second electrode is desirably
controlled in synchronism with movement of the
printhead and an ink discharge cycle, and reversed in
accordance with a positional relationship with an ink
discharge nozzle of the printhead.

According to another aspect of the present

invention, preferably, there is provided an ink mist
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collecting method for a printing apparatus which prints
by discharging an ink droplet from a printhead onto a
printing medium, comprising:‘a charge removing step of
removing charges from the printing medium before
printing; a printing step of printing by discharging'
ink from the printhead onto the printing medium from
which charges have been removed at the charge removing
step; and a collecting step of collecting, by
electrostatic force, ink mist which is discharged from
the printhead for printing at the printing step, and
floats without béing used for printing.

According to still another aspect of the present
invention, preferably, there is provided a printing
method comprising: a printing step of printing by
discharging ink from a printhead onto a printing
medium; a charging step of charging the printing medium
by electrostatic induction; and a guiding step of
guiding, toward the printing medium by electrostatic
force, satellite ink which is separated from an ink
droplet discharged from the printhéad for printing at
the printing step and charged, wherein a polarity of a
surface of the printing medium and a polarity of the
satellite ink are opposite to each other.

The invention is particularly advantageous since
charged ink mist which is generated upon discharge of
ink droplets is efficiently attracted and collected by

electrostatic force, and the amount of ink mist which
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floats and attaches to unintended portions in the
apparatus decreases.

Hence, the present invention can prevent: (1)
contamination of the interior of the printing apparatus
by attached ink mist} (2) degradation of the movable
characteristic by ink mist which attaches to the
movable portion of the printing apparatus, e.g., the
movable portion of the carriage; (3) a malfunction of a
sensor by ink mist which attaches to the sensor; (4)
contamination of the exterior of the apparatus by
aggregated ink which leaks from the printing apparatus;
and (5) contamination of the next printing medium by
attached ink mist.

According to another invention, the surface of a
printing medium is Qo charged as to have a polarity
opposite to that of charged satellite ink which is
separated from an ink droplet discharged from the
printhead for printing. Satellite ink can be attracted
to the printing medium and used for printing. Thus,
satellite ink can be actively used.for printing. Since
satellite ink does not float to contaminate a printing
medium, high-quality printing can be achieved.

Other features and advantages of the pfesent
invention will be apparent from the following
description taken in conjunction with the accompanying
drawings, in which like reference characters designate

the same or similar parts throughout the figures
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thereof.

BRIEF DESCRIPTION OF DRAWINGS

The accompanyiﬁg dfawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention and, together
with the description, serve to explain the principies
of the invention.

Fig. 1 is a perspective view shewing the
configuration of an inkjet printing apparatus as a
typical embodiment of the present invention;

Fig. 2 is a view showing the configuration of an
ink mist collecting unit 202 and collection of fine ink
droplets:;

Fig. 3 is a block diagram showing the control
configuration of the printing apparatus shown in
Fig. 1;

Fig. 4 is an outer perspective view showing the
structure of a head cartridge inteérating an ink tank
and printhead;

Fig. 5 is a view for explaining the behavior of
fine ink droplets according to the first embodiment of
the present invention;

Fig. 6 is a flowchart showing an ink mist

collecting method according to the first embodiment of

~the present invention;
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Fig. 7 is a perspective view showing the
configuration of an inkjet printing apparatus according
to the second embodiment of the present invention;

Fig. 8 is a view showing a configuration for
collecting ink mist éccofding to the second embodiment
of the present invention;

Fig. 9 is a view showing a configuration for
guidance control of satellites according to the third
embodiment of the present invention; A

Fig. 10 is a view showing a configuration for
guidance control of satellites according to the fourth
embodiment of the present invention; and

Fig. 11 is a view showing a configuration for
collecting ink mist according to the fifth embodiment

of the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention
will now be described in detail in'accordance with the
accompanying drawings.

In this specification, the terms "print" and
"printing" not only include the formation of'
significant informatign such as characters and graphics,
but also broadly includes the formation of images,
figures, patterns, and the like on a print medium, or

the processing of the medium, regardless of whether
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they are significant or insignificant and whether they
are so visualized as to be visually perceivable by
humans.

Also, the term "print medium” not only includes a
paper sheet used in éommbn printing apparatuses, but
also broadly includes materials, such as cloth, a
plastic film, a metal plate, glass, ceramics, wood, and
leather, capable of accepting ink.

" Furthermore, the term "ink" (to be also referred
to as a "liquid" hereinafter) should be extensively
interpreted similar to the definition of "print"
described above. That is, "ink" includes a liquid
which, when applied onto a print medium, can form
images, figures, patterns, and the like, can process
the print medium, and can process ink (e.g., can
solidify or insolubilize a coloring agent contained in
ink applied to the print medium).

Furthermore, unless otherwise étated, the term
"nozzle" generally means a set of a discharge orifice,
a liquid channel connected to the érifice and an
element to generate energy utilized for ink discharge.

<Description of Inkjet Printing Apparatus

(Figs. 1 to 2)> |

Fig. 1 is an ouFer perspective view showing the
schematic configuration of an inkjet printing apparatu§
as a typical embodiment of the present invention.

As shown in Fig. 1, the inkjet printing apparatus
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(to be referred to as a printing apparatus hereinaftei)
has a printhead 3 which prints by discharging ink |
according to the inkjet method. A driving force
generated by a carriage motor Ml is transmitted from a
transmission mechaniém 4Ato a carriage 2, and the
carriage 2 reciprocates in a direction ;ndicated by an
arrow A (in Fig. 1, Q1 represents the leftward
direction, and Q2 represents the rightward direction).
Upoh printing, a printing medium P such as a printing
sheet is fed via a sheet feed mechanism 5, and conveyed
to a printing position. At the printing position, the
printhead 3 discharges ink from downward orifices in
Fig. 1 to the printing medium P to print.

In order to maintain a good state of the
printhead 3, the carriage 2 is moved to the position of
a recovery device 10, and a discharge recovery process
for the printhead 3 is performed intermittently.

The carriage 2 of a printing apparatus 1 has not
only the printhead 3, but also an ink cartridge 6 which
stores ink to be supplied to the pfinthead 3. The ink
cartridge 6 is detachable from the carriage 2.

The printing apparatus 1 shown in Fig. 1 can
print in color. For this purpose, the carriage 2 holds
four ink cartridges which respectively store magenta
(M), cyan (C), yellow (Y), and black (Bk) inks. These
four ink cartridges are independently detachable.

The carriage 2 and printhead 3 can achieve and
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maintain a predetermined electrical connection by
properly bringing their contact surfaces into contact
with each other. The printhead 3 selectively
discharges ink from a plurélity of orifices and prints
by applying energy ih acéordance with the printing
signal. In particular, the printhead 3 according to
this embodiment employs an inkjet method of discharging
ink by using thermal energy. For this purpose, the
printhead 3 comprises an electrothermal transducer for
generating thermal energy, and electric energy applied
to the electrothermal transducer is converted into
thermal enérgy. Ink is discharged from orifices by
using a change in pressure upon growth and shrinkage of
fubbles created by film boiling generated by applying
the thermal energy to ink. The electrothermal
transducer is arranged in correspondence with each
orifice, and ink is discharged from a corresponding
orifice by applying a pulse voltage to a corresponding
electrothermal transducer in accordance with the
printing signal. |

As shown in Fig. 1, the'carriage 2 is coupled to
part of a driving belt 7 of the transmission mechanism
4 which transmits the driving force of the cérriage
motor M1l. The carriage 2 is slidably guided and
supported along a guide shaft 13 in the direction
indicated by the arrow A. The carriage 2 reciprocates

along the guide shaft 13 by normal rotation and reverse
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rotation of the carriage motor Ml. A scale 8 used for
indicating the absolute position of the carriage 2 is
arranged along the moving di;ection (direction
indicated by the arrow A) of the carriage 2. In this
embodiment, the scalé 8 is prepared by printing black
bars (slits) on a transparent PET film at a necessary
pitch. One end of the scale 8 is fixed to a chassis 9,
and its other end is supported'by a leaf spring (not
shown). The carriage 2 comprises an encoder (not
shown) for reading the slits of the scale 8.

The printing apparatus has a platen (not shown)
facing the orifice sﬁrface of the printhead 3, which
has orifices (not shown). The carriage 2 holding the
printhead 3 reciprocates by the driving force of the
carriage motor M1l. At the same time, a printing signal
is supplied to the printhead 3 to discharge ink and
print on the entire width of the printing medium P
conveyed onto the platen.

In Fig. 1, reference numeral 14 denotes a
conveyance roller which is driven ﬁy a conveyance motor
M2 in order to convey the printing medium P; 15, a
pinch roller which makes the printing medium P contact
with the convey roller 14 by a spring (not shown); 16,
a pinch roller holder which rotatably supports the
pinch roller 15; and 17, a conveyance roller gear which
is fixed to one end of the conveyance roller 14. The

conveyance roller 14 is driven by rotation of the
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conveyance motor M2 that is transmitted to the
conveyance roller gear 17 via an intermediate gear (not
shown).

Reference numeral 20 denotes a discharge roller
which discharges the.prihting medium P bearing an imége
formed by the printhead 3 outside the printing
apparatus. The discharge roller 20 is driven by
tfansmitting rotation of the conveyance motor M2. The
diécharge roller 20 contacts with the printing medium P
by a spur roller (not shown) which presses it by a
spring (not shown). Reference numeral 22 denotes a
spur holder which rotatably supports the spur roller.

As shown in Fig. 1, in the printing apparatus,
the recovery device 10 which recovers the printhead 3
from a discharge failure is arranged at a desired |
position (e.g., a position corresponding to the home
position) outside the reciprocation range (printing
area) for printing operation of the carriage 2 holding
the printhead 3.

The reéovery device 10 comprises a capping
mechanism 11 which caps the orifice surface of the
printhead 3, and a wiping mechanism 12 which cleans the
orifice surface of the printhead 3. The recoVery
device 10 uses a suction means (suction pump or the
like) within the recovery device to forcibly discharge
ink from orifices in synchronism with capping the

orifice surface by the capping mechanism 11.
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Accordingly, the recovery device 10 achieves a
discharge recovery process of‘removing ink with a high
viscosity or bubbles in the ink channel of the
printhead 3.

In non—printiné opération or the like, the
orifice surface of the printhead 3 is capped by the
capping mechanism 11 to protect the printhead 3 and
prevent evaporation and drying of ink. The wiping
mechanism 12 is arranged near the capping mechanism 11,
and wipes ink droplets attached to the orifice surface
of the printhead 3.

The capping mechanism 11 and wiping mechanism 12
can maintain a normal ink discharge state of the
printhead 3.

Fig. 2 is a view showing the configuration of an
ink mist collecting unit 202 and collection of fine ink
droplets.

As shown in Fig. 2, the ink mist collecting unit
202 is made up of an electrode 205 and collecting
vessel 206. Since the electrode 205 which is
vertically arranged keeps a positive potential with
respect to ground of the printing aﬁparatus, negatively
charged fine ink droplets (ink mist) are gathered to
the electrode 205, dr;p to the collecting vessel 206,
and are collecfed. The collecting vessel 206 has a

spongy ink absorber. The printing apparatus has a

- suction pump (not shown) for cleaning and recovering
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the printhead, as described above. Thus, the ink
absorber of the collecting vessel 206 can have a large
total recéption amount by communicating with a
reservoir for waste ink which comes from the wiping
mechanism 12 for cleéning.

Note that Fig. 1 shows the inside of the printing
apparatus for descriptive convenience. In practical
use, the printing apparatué is covered with an outer
coVering to form a substantially closed space against
outside air of the printing apparatus. Hence, charged
floating mist generated upon ink discharge is stirred
in the whole interior of the printing apparatus by
reciprocation of the carriage 2 holding the printhead
3. Accordingly, even ink mist generated at a portion
apart from the ink mist collecting unit 202 floats
around the ink mist collecting unit 202 soon or later
upon the lapse of time, and is captured by the ink mist
collecting unit 202.

Referring back to Fig. 1, reference numeral 210
denotes a charge removing brush coﬁnected to ground of
the printing apparatus. When fed or conveyed, the
printing medium P causes frictional electrification or
peeling electrification, and may involuntariiy adsorb
charged floating misthin the apparatus. To preventl
this, when thé printing medium P is conveyed in the
direction indicated by the arrow B and fed into the

apparatus, the potential of the printing medium P is
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reduced to 0 V by the charge removing brush 210
immediately before the printing medium P reaches the
printing area of the printhead 3. This can prevent
charged ink mist from attaching to and contaminating
the printing medium f.

<Control Configuration of Inkjet Printing

Apparatus (Fig. 3)>

Fig. 3 is a block diagram showing the control
configuration of the printing apparatus shown in
Fig. 1.

As shown in Fig. 3, a controller 600 comprises an
MPU 601, ROM 602, ASIC (Application Specific Integrated

Circuit) 603, RAM 604, system bus 605, and A/D

converter 606. The ROM 602 stores a program

corresponding to a cohtrol sequeﬁce (to be described
later), é predetermined table, and other fixed data.
The ASIC 603 generates control signals for controlling
the carriage motor M1, conveyance motor M2, and
printhead 3. The RAM 604 is used as an image data
rasterizing area, a work area for éxecuting.a program,
and the like. The system bus 605 connects the MPU 601,
ASIC 603, and RAM 604 to each other, and allows
exchanging data. The A/D converter 606 receiVes analog
signals from a sensor group (to be described below),
A/D-converts fhe analog signals, and supplies digital
signals to the MPU 601.

In Fig. 3, reference numeral 610 denotes a
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computer (or an image reader, digital camera, or the
like) which serves as an image data supply source and
is generally called a host apparatus. The host
apparatué 610 and printing apparatus 1 transmit/receive
image data, commands; stétus signals, and the like via
an interface (I/F) 611.

Reference numeral 620 denotes a switch group
which is formed from a power switch 621, print switch
622, recovery switch 623, and the like. The print
switch 622 is used for designating the start of
printing. The recovery switch 623 is used for
designating the activation of a process (recovery
process) of maintaining good ink discharge performance
of the printhead 3. These switches are formed from
buttons for receiving instruction inputs from the
operator.

Reference numeral 630 denotes a sensor group
which detects the state of the apparatus and includes a
position sensor 631 such as a photocoupler for
detecting a home position and a teﬁperature sensor 632
arranged at a proper portion of the printing‘apparatus
in order to detect the ambient temperature.

Reference numeral 640 denotes a carriage motor
driver which drives the carriage motor M1l for
reciprocating‘the carriage 2 in the direction indicated
by the arrow A; and 642, a conveyance motor driver

which drives the conveyance motor M2 for conveying the



WO 2006/068281 PCT/JP2005/023987

-10

15

20

25

printing medium P.

In printing and scanning by the printhead 3, the
ASIC 603 transfers driving data (DATA) for a printing
element (heater) to the printhead while directly
accessing the storagé aréa of the RAM 604.

An encoder signal from an encoder (not shown)
attached to the carriage 2 is transferred to the MPU
601 oé the controller 600 via a position detecting
mechanism (not shown).

Reference numeral 644 denotes a charging control
unit which controls application of a voltage to the
electrode 205 of the ink mist collecting unit 202.

As described above, the ink cartridge 6 and
printhead 3 may be configured to be separated from each
other. Alternatively, the ink cartridge 6 and
printhead 3 may be integrated into an exchangeable head
cartridge IJC.

Fig. 4 is an outer perspective view showing the
structure of the head cartridge IJC integrating an ink
tank and printhead. In Fig. 4, a ﬁroken line K is a
boundary between an ink tank IT and a printhead IJH.
The head cartridge IJC has an electrode (not shown) for
receiving an electrical signal supplied fromAthe
carriage 2 when the hgad cartridge IJC is mounted on
the carriage 2. This electrical signal drives the
printhead IJH to discharge ink, as described above.

In Fig. 4, reference numeral 500 denotes an ink
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orifice array. The ink tank IT is equipped with a
fibrous or porous ink absorber in order to hold ink.
Several embodiments of an ink mist collecting
method and printing method performed by the printing
5 apparatus having the>abo§e configuration will now be
described.
[First Embodiment]
Most of ink droplets about 5 pl (picoliter) in
volume discharged from a printhead 3 attach to a

10 printing medium P and form an image. However, small
satellites generated around the tail ends of ink
droplets, and fine ink droplets bounded back from.the
printing medium P float in the apparatus. If such
satellites and fine ink droplets are left to stand,

15 they contaminate unlimited portions in the apparatus.
Especially, satellites and fine ink droplets tend to
deposit at electrostatically charged portions such as a
sliding portion (e.g., guide shaft 13). There is known
a phenomenon (Lenard effect) in which droplets tend to

20 be charged either positively or neéatively, especially
negatively when an internally polarized droplet is
broken into particles or droplets collide against each
other in a process of forming (spraying) smail droplets
containing water.

25 For this reason, fine ink droplets (e.g.,
satellites) generated when ink droplets are discharged

- from the printhead 3 tend to be charged negatively.
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As described with reference to Fig. 2, an
electrode 205 of an ink mist collecting unit 202 has a
positive potential, and most of fine ink droplets tend
to travel toward the positively charged ink mist
collecting unit 202.. Fig. 2 conceptually shows the
flow of ions and ink droplets from generation of
charged mist to collection of mist.

Fig. 5 is a schematic view for explaining the
behavior of fine ink droplets according to the first
embodiment.

As represented in a of Fig. 5, C, M, Y, and Bk
ink droplets 501 discharged from the printhead 3 and
represented by black points travel toward the printing
medium P in the direction indicated by the arrow C, and
attach to the printing medium to form a character or
image. Simultaneously when the ink droplets 501 are
discharged, fine satellites 502 are also generated
following the ink droplets 501 along the discharge-
direction. The fine satellites 502 are negatively
charged and float as ink mist. InIFig. 5, the
printhead 3 moves above the printing medium P in the
left-and-right direction indicated by the arrows Q1 and
02 in accordance with the illustration of4Fi§. 1.

A state is reprgsented by b in Fig. 5 in which
negatively chérged ink mist is attracted by

electrostatic force to the ink mist collecting unit 202

- outside the printing area. Negatively charged fine ink
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droplets are attracted to the surface of the positively
charged electrode 205, are accelerated, and travel.

The above-described method can be summarized into
the flowchart shown in Fig. 6.

Fig. 6 is a fléwchért showing a summary of the
ink mist collecting method according to the first
embodiment.

In step S10, the ion collecting unit is driveq by
applYing a positive voltage to the electrode 205 of the
ink mist collecting unit 202. In step S20, the

printing medium P is fed and conveyed into the printing

' apparatus. At this time, in step S30, the charges of

the printing medium are removed by a charge removing
brush 210 immediately before the printing medium P
enters the printing area.

In step S40, the printhead 3 is driven to
discharge ink and print. At this time, in step S50,
ink mist is generated upoh discharge of ink droplets,
and starts diffusing and floating in the apparatus.

In step S60, since ink mist is negatively
charged, as described above, ink mist is collected by
electrostatic force between ink mist and the positive
voltage-applied electrode of the ink mist coilecting
unit.

As descfibed above, according to the first
embodiment, ink mist can be collected by electrostatic

force generated between negatively charged ink mist and
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the positive voltage-applied electrode. As a result,
the amount of fine ink mist floating in the printing
apparatus decreases, and the interior of the printing
apparatus is less contaminated by attached ink mist.
For example, mist caﬁ bevprevented from attaching to
the movable portion of the carriage and degrading the
movable characteristic. For example, mist can be
prevented from attaching to the sensor unit and causing
the sensor to malfunction. Further, for example, mist
can be prevented from floating out from the printing
apparatus, contaminating the exterior of the apparatus,
and contaminating the next printing medium subjected to
printing.

Particles collectable by the ink mist collecting
unit include not only negatively charged ink mist but
also shaving (dust) of a printing medium and dirt which
externally enters the printing apparatus as far as they
are electrically negatively charged.

[Second Embodiment]

For example, in a large-scalé printing apparatus
for commercial use or the like that prints on a
printing medium as large as A0 or BO, it is difficult
to efficiently collect ink mist in the entiré apparatus
by the ink mist colleqting method which only depends on
spontaneous diffusion of ink mist and electrostatic

force, as described in the first embodiment, because

- the distance to the ink mist collecting unit is long.
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Téking this into consideration, the second
embodiment will explain a configuration in which ink
mist floating in the apparatus is forcedly moved by an
air current toward the ink mist collééting unit.

Fig. 7 is an outer.perspective view showing the
schematic configuration of a printing apparatus
according to the second embodiment. As is apparent
from a comparison between Figs. 7 and 1, their
configurations are almost the Same. The same reference
numerals denote the same parts, and a description
thereof will be omitted.

A characteristic feature of the printing
apparatus according to the second embodiment is that a
fan 204 is arranged on a side opposité to an ink mist
collecting unit 202 via the printiﬁg area of a printing
medium P in the moving direction of the carriage.

Fig. 8 is a schematic view for explaining the
behavior of fine ink droplets according to the second
embodiment.

As shown in Fig. 8, in the sécond embodiment, ink
mist floating in the scanning range of the printhead is
forcedly moved by an air flow generated by the fan 204.
Charged ink mist generated at an area apart from the
ink mist collecting qpit 202 can be moved close to the
ink mist collecting unit 202.

Hence, ink mist can be efficiently collected even

in the above-mentioned printing apparatus which has a
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wide printing area in the scanning direction of the |
printhead.

Note that the position where the fan is arranged
is not limited to the configuration shown in Fig. 8.
For example, the faﬁ maj be interposed between the ink -
mist collecting unit 202 and the area where the
printhead prints, and create an air flow toward the ink
mist collecting unit 202. With this configuration, ink
mist'floating in the area where printing is performed
can be moved by an air flow to the ink mist collecting
unit 202 and efficiently collected.

The fan described in the second embodiment can be
obviously applied to a smaller-size printing apparatus.
Particularly when a spéce where ink mist floats becomes
complicated, as in a printing apparatus in which a
printhead and ink tank are séparated and ink is
supplied via a tube, ink mist can be moved to the ink
mist collecting unit without attaching ink mist to
unintended positions.

[Third Embodiment]

Ink droplets discharged from theAprinthead
generally travel straight and attach to a printing
medium. However, if the printhead moves at é high
speed, ink droplets may attach to unintended positions
because of an air flow generated by the movement of the
printhead or an air flow generated by ink droplets

themselves which are successively discharged from the
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printhead. To solve this problem, a method of
increasing the initial velocity of ink droplets to
suppress the influence of the air resistance and air
flow and increase the precision of attaching poéitions
on a printing medium has-conventionally been employed.

However; as schematically shown in a of Fig. 5 .in
connection with the first embodiment, ink mist.
(satellites) which is a problem in the present
invention is generated by a phenomenon in which the
shape of an ink droplet is deformed into a teardrop
shape, and a tail part of the droplet is torn off upon
ink discharge. It is, therefore, difficult to increase
the initial velocity of satellites.

The third émbodiment will describe an example in
which satellites are moved toward a printing medium by

using electrostatic force and accurately attached to

"the printing medium.

Fig. 9 is a schematic view for explaining control
of the behavior of fine ink droplets (satellites).

As shown in Fig. 9, in the third embodiment, an
electrode 207 similar to an ink mist collecting unit
202 is set on the lower surface of a printing medium P.
In general, the printing medium P is a dieledtric
material, and its surface opposite to a printhead 3 is
positively biased when the electrode 207 is positively
charged. |

As described above, satellites serving as fine
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ink droplets tend to be charged negatively. Satellites
are attracted to the surface of the printing medium P
by positive potential generated on the surface of the
printing medium P, and can reach the printing medium P
even under the influénce.of an.air flow or the like.

According to the third embodiment, even
satellites which are low in initial velocity and poor
in the precision of attaching positions on a printing
medium can be accurately attached to a printing medium
by using electrostatic force.

Consequently, satellites can be prevented from
accidentally attaching to unintended portions on a
printing medium to degrade the printing quality or
contaminating the printing medium. This contributes to
improvement of the printing quality.

[Fourth Embodiment]

The third embodiment assumes a case where the
distance between the printing medium P and the
printhead 3 is long enough and no electric field is
generated between the ink dischargé surface of the
printhead and the printing medium. However, in a
printing apparatus which utilizes fine ink droplets of
1 pl or less in volume, evaporation in the air must be
taken into considerat}on in order to attach ink
droplets to a brinting medium at high precision. For
this purpose, the ink discharge surface and printing'

medium must be brought extremely close to each other.
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Fig. 10 is a schematic view for explaining
control of the behavior of fine ink droplets
(satellites) in a case where the distance between the
printhead and a printing medium is short.

Formation of iﬁk dfoplets is represented by a in
Fig. 10 in a case where an electrode 207 and printhead
3 are brought extremely close to each other.

At a short distance between the printhead and a
printing medium, if an electrode is set below a
printing medium so that a surface of the printing
medium P that faces the printhead is positively biased,
the ink discharge surface of the printhead is
negatively biased by electrostatic induction, thus
creating an electric field in the space between the
printhead and the printing medium P.

In this environment, ink is dielectrically
polarized by the electric field between the printhead
and a printing medium in the initial stage of ink
droplet formation. As a result, a main ink droplet 501
is negatively charged, and its taii part (which changes
into a satellite mist 502 soon or later) is positively
charged. In this state, satellite mist is repulsed by
the positively biased surface of the printing medium P,
and the image quality_is most likely to degrade.

Taking this situation into consideration,
according to the fourth embodiment, the polarity of the

electrode 207 is controlled to be reversed at a timing
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corresponding to the movement of satellite mist so as
to assist attachment of positively charged satellite
mist, as represented in b of'Fig. 10. In other words,
the polarity reversal timing of the electrode 207 is
synchronized with thé ink discharge timing of the
printhead 3.

According to the above-described embodiment,
high-resolution printing can be achieved by accurately
attédhing fine ink droplets of 1 pl or less in volume
to a printing medium and also attaching, to desired
positions, satellite mist of an electrically opposite
polarity which is generated together with main droplet
formation.

[Fifth Embodiment]

The fifth embodiment will explain an example in
which a groove-shaped ink receptor is arranged in the
moving direction of the printhead in a platen which
holds a printing medium in opposition to the printhead
when printing is performed on the entire area of a
printing medium P (marginless prinfing).

Fig. 11 is a schematic view showing a
configuration near the printhead and platen of a
printing apparatus which performs marginless‘printing.

In Fig. 11, ref?rence numeral 37 denotes a
platen; 38, aﬁ ink absorber which is disposed in the
ink receptor; and 207a, an electrode which is arranged

below the ink absorber 38. This configuration can
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electrify the ink absorber.

In the first to fourth embodiments, as shown in
Figs. 1 and 7, the ink mist collecting unit 202 is
arranged at an end in the moving direction of the
printhead. In the fifth'embodiment, the ink absorber
38 which absorbs ink discharged outside a printing
medium along with marginless printing is further
electrified to effectively collect ink mist.

Of inkjet printing methods, the above embodiments
employs a method which uses a means (e.g.,
electrothermal transducer) for generating thermal
energy as energy used to discharge ink and changes the
ink state by thermal energy. The present invention can
also be applied to a method which generates energy to
discharge ink by using a piezoelectric element instead
of the electrothermal transducer.

In the above embodiments, droplets discharged
from the printhead are ink, and a liquid contained in
the ink tank is ink. The content of the ink tank is
not limited to'ink. For example, fhe ink tank may
contain a processing liquid which is discharged onto a
printing medium in order to increase the fixing
properties, water repellency, or quality of é printed
image.

In addifion, the present invention is also
effective when the serial scan type inkjet printing

apparatus as described in the above embodiments uses a
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printhead which is fixed to the apparatus body, or an
exchangeable cartridge type printhead which can be
electrically connected to the apparatus body and
receive ink from the apparatus body when attached to
the apparatus body.v | |

Further, the present invention can be applied to
a full line type printhead having a printing width
corresponding to the width of a printing medium.

Moreover, the inkjet printing apparatus according
to the present invention may take the form of an image
output apparatus for an information processing device
such as a computer. The inkjet printing apparatus may
also take the form of a copying machine combined with a
reader, or a facsimile apparatus having a
transmission/reception function.

As many apparently widely different embodiments
of the present invention can be made without departing
from the spirit and scope thereof, it is to be
understood that the invention is not limited to the
specific embodiments thereof excepf as defined in the
appended claims.

This application claims the benefit of Japanese
Application No. 2004-371883, filed on Decembér 22,
2004, which is hereby incorporated by reference herein

in its entirety.
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CLAIMS

1. A printing apparatus which prints by discharging
an ink droplet from a printhead onto a printing medium,
comprising:

charge removing meéns for removing charges from
the printing medium before printing;

printing means for printing by discharging ink
from the printhead onto the printing medium; and

" collecting means for collecting, by electrostatic

force, ink mist which is discharged from the printhead
for printing by said printing means and floats without

being used for printing.

2. The apparatus according to claim 1, wherein said
collecting means comprises:

a first electrode having a polarity opposite to a
polarity of the ink mist; and

a reservoir unit which stores ink from ink mist
collected by said first electrode and contains an

absorber.

3. The apparatus according to c¢claim 1 or 2, wherein
said collecting means is arranged near an end of a

printing area of the printing medium.

4. The apparatus according to any of claims 1 to 3,

further comprising a fan which moves the ink mist
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toward said collecting means via the printing area on a
side opposite to a position where said collecting means

is arranged.

5. The apparatus accofding to any of claims 1 to 3,
further comprising a fan, which sends air of the
printing area to a position where said collecting means
is arranged, provided between the printing area and the

position where said collecting means is arranged.

6. The apparatus according to any of claims 1 to 5,
further comprising a second electrode provided on a
side on which said second electrode faces an ink
discharge surface of the printhead wvia the printing
medium in the printing area for the printing medium by
the printhead,

wherein a surface 6f the printing medium that
faces the ink discharge surface of the printhead is
electrified by applying a voltage to said second

electrode.

7. The apparatus according to any of claims 1 to 6,

wherein the ink mist is negatively charged.

8. The apparatus according to any of claims 1 to 7,

wherein a positive voltage is applied to said first

- electrode and said second electrode.
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9. The apparatus according to any of-claims 1 to 8,
further comprising:

scanning means for reciprocating the printhead;

a platen which.supports the printing medium albng
a scanning direction of said scanning means; and

an ink absorber which absorbs ink discharged from

the printhead along said platen.

10. The apparatus according to claim 9, wherein said
ink absorber has a third electrode which attracts the

ink mist by electrostatic force.

11. The apparatus according to claim 6, wherein, in a
case where a distance between the ink discharge surface
of the printhead and the printing medium is short and
an electric field is generated, a polarity of said
second electrode is controlled in synchronism with-
movement of the printhead aﬂd an ink discharge cycle,
and is reversed in accordance with.a positional
relationship with an ink discharge nozzle of the

printhead.

12. An ink mist collecting method for a printing
apparatus which prints by discharging an ink droplet
from a printhead onto a printing medium, comprising:'

a charge removing step of removing charges from
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the printing medium before printing;

a printing step of printing by discharging ink
from the printhead onto the printing medium from which
charges have been removed at said charge removing step:
and |

a collecting step of collecting, by electrostatic
force, ink mist which is discharged from the printhead
for printing at said printing step, and floats without

being used for printing.

13. A printing method comprising:

a printing step of printing by discharging ink
from a printhead onto a printing medium;

a charging step of charging the printing medium
by electrostatic induction; and

a guiding step of guiding, toward the printing
medium by electrostatic force, satellite ink which is -
separated from an ink droplet discharged from the
printhead for printing at said printing step and
charged,

wheréin a polarity of a surface of the printing
medium and a polarity of the satellite ink are opposite

to each other.
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FIG. 9
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