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Description

[0001] The present invention relates to an image
forming method and an apparatus for forming an image
on a printing medium by ejecting a liquid from a liquid
ejecting head. More particularly, the invention is suitable
for application to an ink-jet printer mounted a full-line
type ink-jet head, in which a plurality of ejection open-
ings for liquid are arranged over entire width of an image
forming region of the printing medium.
[0002] An ink-jet printer for forming a desired image
by ejecting ink droplet onto a paper, a cloth, a resin, a
metal and the like, is featured in noncontact with respect
to a printing medium and thus is superior in low noise,
high printing speed, capability of high resolution printing,
easiness of color printing, and capability of down-sizing
of the overall apparatus.
[0003] As one of such ink-jet printers, as eg shown in
document EP-A-0 376 309, there has been known a
printer shown in Fig. 10, in which a plurality of elongated
so-called full-line type ink-jet heads each having a plu-
rality of ejection openings arrayed over the entire width
of an image forming region of a printing medium, are
arranged in a feeding direction of the printing medium.
[0004] Namely, the printer includes four ink cartridges
33Y, 33M, 33C and 33B respectively storing an yellow
ink, a magenta ink, a cyan ink, and a black ink (herein-
after referred to as ink cartridge 33) and four ink-jet
heads 21Y, 21M, 21C and 21B (hereinafter referred to
as ink-jet head 22) connected to respective ink cartridg-
es 33 via ink supply tubes 32, respectively.
[0005] The ink-jet heads 21, each of which is switched
power supply between ON and OFF for respective of
not shown electrothermal transducers by a head driver
61 connected to a control unit 60, are arranged with a
predetermined interval along a feeding direction of an
endless feeding belt 62 so as to face with a platen 63
via the feeding belt 62. By head moving means 64 for
recovery process, which is controlled an operation by
the control unit 60, the ink-jet heads 21 are moved up
and down with respect to the platen 63. On the side por-
tion of each ink-jet head 21, capping members 22 for
performing recovery process of the ink-jet heads 21 by
performing preliminary ejection of old inks within not
shown ink passages provided within the ink-jet heads
21 from the ejection openings in advance of printing op-
eration with respect to a printing paper 65, are arranged
in a condition shifted for half pitch with respect to ar-
rangement interval of the ink-jet heads 21. By moving
means 66 which is controlled an operation by the control
unit 60, the capping members 22 are moved to positions
immediately below the ink-jet heads 21 at recovery proc-
ess position so as to receive waste inks ejected from the
ejection openings.
[0006] The feeding belt 62 feeding the printing paper
65 is wound around a driving roller 68 connected to a
belt driving motor 67. Driving direction of the feeding belt
62 is switched by a motor driver 69 connected to the

control unit 60. On upstream side of the feeding belt 62,
an electrostatic charger 70 is provided for electrostatic
charging the feeding belt 62 for sticking the printing pa-
per 65 on the feeding belt 62. The electrostatic charger
70 is switched ON and OFF by a driver 71 connected to
the control unit 60. To a pair of paper feeding rollers 72
for supplying the printing paper 65 on the feeding belt
62, a paper feeding motor 73 for rotatingly driving the
pair of paper feeding rollers 72, is connected. The paper
feeding motor 73 is switched the operation by a motor
driver 74 connected to the control unit 60.
[0007] Accordingly, in advance of printing operation
for the printing paper 65, the ink-jet heads 21 is elevated
to the recovery process position away from the platen
63. Then, the capping member 22 is moved immediately
below the ink-jet heads 21. Then, after recovery opera-
tion for the ink-jet heads 21, the capping member 22 is
returned to an initial position. Also, the ink-jet heads 21
are moved toward the platen up to the image forming
position. Then, the electrostatic charger 70 is actuated
while the feeding belt 62 is driven. Also, the printing pa-
per 65 is mounted on the feeding belt 62 by the paper
feeding roller 72, and a desired color image is formed
on the printing paper 65 by the ink-jet heads 21.
[0008] In the full-line type ink-jet printer shown in Fig.
10, the ink-jet heads 21 is located on the upper side of
the ink cartridges 33. A problem to cause leakage of the
ink through the ejection openings of the ink-jet heads 21
due to a liquid pressure of the ink stored in the ink car-
tridges 33 can be successfully prevented.
[0009] Because of the construction set forth above,
when the ink-jet heads 21 are elevated from the image
forming position to the recovery process position, as il-
lustrated a sectional structure of the lower end portion
of the ink-jet heads 21 in Fig. 11, an ink surface (ink me-
niscus) M of the ejection openings 40 is located at a po-
sition shown by a two dotted line at the image forming
position, namely at an ejection opening surface 44
where the ejection openings 40 are formed, and where-
as, at the recovery process position above the image
forming position, a waterhead difference between the
ink surface M and the ink cartridge 33 becomes large to
cause recession of the ink surface M into the ink pas-
sage 58, as shown by the solid line.
[0010] As a result, a foreign matter W, such as dust
and the like depositing in the vicinity of the ejection
openings 40 can be sucked into the ink passage 58 to
be held within the ink passage 58 even if the recovery
process is performed. In such case, ejection failure can
be caused to form a good quality of image.
[0011] Such drawback may be caused not only in the
ink but also in treatment liquid for adjusting printing abil-
ity of the ink on and/or in the printing medium.
[0012] An object of the present invention is to provide
an image forming method which can successfully pre-
vent drawback of sucking foreign matter, such as dust
or the like from the ejection openings into ink passages
even when a liquid ejection head ejecting a liquid is el-
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evated from an image forming position to a recovery
process position.
[0013] Another object of the present invention is to
provide an image forming apparatus which can imple-
ment the image forming method set forth above.
[0014] The first aspect of the present invention is an
image forming method forming an image on a printing
medium in an image forming position utilizing a liquid
ejection head for forming the image on the printing me-
dium by ejecting liquid in the image forming position,
comprising:

step of performing a recovery process at a recovery
process position set on upper side of the image
forming position for recovering ejecting condition of
liquid from the liquid ejecting head; and
step of closing a liquid supply passage for supplying
liquid to the liquid ejection head during movement
of the liquid ejection head from the image forming
position to the recovery process position.

[0015] The second aspect of the present invention is
an apparatus for forming an image on a printing medium
utilizing a liquid ejection head provided with an ejection
opening for ejecting liquid, comprising:

a liquid supply passage connected to the liquid ejec-
tion head;
recovery process means for recovering ejecting
condition of liquid from the liquid ejection head;
head moving means for moving the liquid ejection
head between the recovery process position for
performing recovery process of the liquid ejection
head by the recovery process means and an image
forming position for forming an image on the printing
medium by the liquid ejection head; and
closing means for closing the liquid supply passage
during movement of the liquid ejection head at least
to the recovery process position by the head moving
means.

[0016] According to the present invention, when the
image is formed on the printing medium, the liquid ejec-
tion head is moved into the image forming position by
the head moving means to form the image on the print-
ing medium using the liquid ejection head at the image
forming position.
[0017] When recovery process of the liquid ejection
head is performed, the liquid supply passage is closed
by operating the closing means to restrict flow of liquid
between the ejection opening of the liquid ejection head
and the liquid supply passage. At this condition, after
moving the liquid ejection head from the image forming
position to the recovery process position by the head
moving means, the closure means is again operated to
open the liquid supply passage, and recovery process
of the liquid ejection head is performed by the recovery
process means at the recovery process position.

[0018] The liquid ejection head effected the recovery
process is again returned to the image forming position
by the head moving means and image formation on the
printing medium is performed.
[0019] According to the present invention, when re-
covery process is performed in order to recover ejecting
condition of liquid from the liquid ejection head at the
recovery process position set on the upper side of the
image forming position, since the liquid supply passage
for supplying liquid to the liquid ejection head is closed
during movement of the liquid ejection head from the
image forming position to the recovery process position,
even when the liquid ejection head for ejecting liquid is
elevated from the image forming position to the recovery
process position, a problem of suction of foreign matter,
such as dust or the like into the ink passage from the
ejection opening can be successfully prevented.
[0020] In the image forming method by the first aspect
of the present invention, the recovery process position
may include a capping position for covering an ejection
opening surface provided with an ejection opening of the
liquid ejection head for ejecting liquid, and a wiping po-
sition set on upper side of the capping position for wiping
the ejection opening surface.
[0021] The recovery process may include at least one
of steps of performing preliminary ejection of liquid from
the ejection opening of the liquid ejection head at the
capping position, expelling liquid from the ejection open-
ing of the liquid ejection head by pressurizing the liquid
supply passage, and sucking liquid from the ejection
opening of the liquid ejection head.
[0022] Liquid may be ink or treatment liquid for adjust-
ing printing ability of the ink on and/or in the printing me-
dium.
[0023] In the image forming apparatus by the second
aspect of the present invention, the recovery process
position may include a capping position and a wiping
position located above the capping position, the recov-
ery process means having a capping member for cov-
ering the ejection opening surface provided with an ejec-
tion opening of the liquid ejection head ejecting liquid at
the capping position and a wiping member for wiping the
ejection opening surface at the wiping position. The re-
covery process means may preliminary eject liquid from
the ejection opening of the liquid ejection head at the
capping position, expelling liquid from the ejection open-
ing of the liquid ejection head by actuating the liquid sup-
ply means or sucking liquid from the ejection opening of
the liquid ejection head via the capping member.
[0024] The liquid ejection head may have an ejection
energy generating portion for ejecting liquid from the
ejection opening. In this case, the ejection energy gen-
erating portion may have an electrothermal transducer
for generating thermal energy.
[0025] The ejection openings may be provided for the
liquid ejection head and may be arranged over the entire
width of a printing region of the printing medium.
[0026] The above and other objects, effects, features
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and advantages of the present invention will become
more apparent from the following description of embod-
iments thereof taken in conjunction with the accompa-
nying drawings.

Fig. 1 is a conceptual illustration showing a principle
of an ink supply system of a preferred embodiment
shown in Fig. 2;
Fig. 2 is a perspective view showing one embodi-
ment, in which an image forming apparatus accord-
ing to the present invention is applied to a card print-
er;
Fig. 3 is a side elevation of a head unit in the em-
bodiment of Fig. 2;
Fig. 4 is a partly extracted and enlarged sectional
perspective view of an ink-jet head in the embodi-
ment of Fig. 2;
Fig. 5 is a perspective view showing a main portion
of the ink supply system in the embodiment of Fig. 2;
Fig. 6 is a perspective view showing a pump driving
system in the embodiment of Fig. 2;
Fig. 7 is a front elevation showing a general con-
struction of an ink supplying pump in the embodi-
ment of Fig. 2;
Fig. 8 is a conceptual illustration showing a relative
position of the ink-jet head and a capping member
in a capping position;
Fig. 9 is a conceptual illustration showing a condi-
tion where the ink-jet head is elevated from the cap-
ping position to a wiping position;
Fig. 10 is a conceptual illustration showing a gen-
eral construction of a full-line type ink-jet printer, to
which the present invention is directed; and
Fig. 11 is a section showing a construction of a tip
end portion of the ink-jet head.

[0027] It should be appreciated that while an image
forming apparatus according to the present invention
will be described in terms of an embodiment, in which a
full-line type ink-jet head is applied for a card printer with
reference to Figs. 1 to 9, the present invention is not
limited to the card printer but can be applicable for any
image forming methods and/or and image forming ap-
paratus containing the similar problem.
[0028] An external appearance of the preferred em-
bodiment is shown in Fig. 2. The reference numeral 11
denotes a feeder cover storing cut-sheet 20 as a printing
medium, 12 denotes an upper cover for storing a head
unit and opening and closing a feeding portion for the
cut-sheet 20, 13 denotes a front cover for loading and
unloading ink cartridges 33 (see Figs. 1 and 5) storing
respective colors of inks. The reference numeral 14 de-
notes a power switch of the card printer, 15 denotes a
ready lamp which is lighted when the card printer can
be used, 16 denotes a liquid crystal panel notifying con-
dition of the card printer, such as error message and the
like, 17 denotes an error lamp which lighted when ab-
normality is caused in the card printer, 18 denotes an

on-line lamp which is lighted when the card printer is in
on-line condition with a not shown host system, and 18a
is a data lamp which is blinking when a printing data is
stored in a not shown memory in the card printer.
[0029] A shape of the side surface of the head unit in
the shown embodiment is shown in Fig. 3 and the inner
structure of an ink-jet head in the head unit is shown in
Fig. 4. Namely, a head unit 19 includes a plurality of ink-
jet heads 21 respectively arranged ejection openings 40
(see Fig. 1) over the entire width of an image forming
region in a width direction perpendicular to a feeding di-
rection (left and right direction in Fig. 3) of the cut-sheet
20, in order to form an image on the cut-sheet 20 placed
on the not shown platen. Each of these ink-jet heads 21,
a part of which is illustrated in extracted, enlarged and
partially cut-out form in Fig. 4, has an electrothermal
transducer 60 generating thermal energy for causing
film boiling in the ink as an energy to be utilized for eject-
ing the ink, in an intermediate position of each individual
ink passage 58 communicating between each ejection
opening 40 and a common liquid chamber 59.
[0030] The head unit 19 has the capping member 22
for receiving the ink ejected from the ejection openings
40 of each ink-jet head 21 and preventing the ink from
drying in the vicinity of the ejection opening 40 and a
recovering unit 24 (see Fig. 1) having a wiping blade 23
removing residual ink and the like on the ejection open-
ing surface 44 (see Fig. 1), in which the ejection opening
40 opens, by wiping.
[0031] Also, the head unit 19 includes a driving unit
which vertically moves upward a head holder unit 25
supporting each ink-jet head 21 from the image forming
position opposing the cut-sheet 20 to the recovery proc-
ess position and also horizontally moves the recovering
unit 24 along the feeding direction of the cut-sheet 20 in
a predetermined magnitude, a cooling unit 26 for cooling
the ink-jet head 21, and so on. In the shown embodi-
ment, the recovery process position includes a capping
position, in which the ejection opening surface 44 of the
ink-jet head 21 is covered with the capping member 22
and a wiping position located on the upper side of the
capping position, in which the ejection opening surface
44 of the ink-jet head 21 is wiped by the wiping blade
23. In the capping position, the preliminary ejection by
the ink-jet head 21 and discharging of the ink through
the ejection opening 40 of the ink-jet head 21 by an ink
circulation pump 41 (see Fig. 1) which will be explained
later, are performed.
[0032] In the lower portion of the head unit 19, spurs
27 for feeding the cut-sheet 20 are provided on both
sides of each ink-jet head 21.
[0033] While the basic construction of a printing ap-
paratus per se to be housed within a housing of the card
printer is substantially the same as that shown in Fig.
10, a construction of the major portion is shown in Fig.
1 and a concept of an ink supply system thereof is illus-
trated in Fig. 5. Namely, the shown embodiment of the
card printer includes a sub-tank 29 temporarily storing
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the ink to be supplied to the ink-jet head 21 and having
an atmosphere communication aperture 28, a commu-
nication opening closing valve 30 for opening or closing
the atmosphere communication opening 28 of the sub-
tank 29, an ink supply tube 32 connecting the ink-jet
head 21 and the sub-tank 29 and having a check valve
31 at the intermediate position thereof, a branched pipe
36 connected to the ink supply tube 32 at the position
between the sub-tank 29 and the check valve 31 at one
end and connected to a supply ink storage portion 34 of
the ink cartridge 33 storing the ink at the other end, an
ink supply pump 37 attached to the ink supply tube 32
at the position between a joining position of the
branched tube 36 and the ink supply tube 32, which ink
supply pump 37 can selectively supply the ink within the
supply ink storage portion 34 of the ink cartridge 33 to
the sub-tank 29 or the ink in the sub-tank 29 to the ink-
jet head 21, an ink return tube 38 connected to the sub-
tank 29 and the supply ink storage portion 34 of the ink
cartridge 33 at both ends and adapted to return an ex-
cess ink exceeding a predetermined amount in the sub-
tank 29 to the supply ink storage portion 34 of the ink
cartridge 33, an in circulating tube 39 connected to the
ink-jet head 21 and the sub-tank 29 at both ends and
adapted to circulate the ink within the sub-tank 29
through the ink-jet head 21, and an ink circulating pump
41 provided in the ink circulating tube 39 for flowing out
the ink within the sub-tank 29 from the ejection opening
40 of the ink-jet head 21 or for returning the ink supplied
from the ink supply tube 32 to the ink-jet head 21 to the
sub-tank 29 via the ink circulating tube 39 again.
[0034] The check valve 31 prevents backward flow
the ink in the ink supply tube 32 from the ink-jet head 21
side to the ink supply tube 32. Also, the check valve 35
serves for preventing backward flow of the ink within the
ink supply tube 32 from the ink supply pump 37 side to
the supply ink storage portion 34 of the ink cartridge 33.
Also, in the shown embodiment, in the ink supply tube
32 between the ink-jet head 21 and the check valve 31
and the ink circulating tube 39 between the ink-jet head
21 and the ink circulating pump 41, buffer tanks 42 and
43 for suppressing pulsation of the ink supply pump 37
and the ink circulating pump 41 are provided.
[0035] The capping member 22 covering the ejection
opening surface 44, to which the ejection openings 40
of the ink-jet head 21 open, and a waste ink storage por-
tion 45 of the ink cartridge 33 are connected via a waste
ink collection tube 46. In the waste ink collection tube
46, a waste ink collection pump 47 for collecting a waste
ink received in the capping member 22 to the waste ink
storage portion 45 of the ink cartridge 33 under pres-
sure.
[0036] As all of the foregoing pumps 36, 41 and 47,
tube pumps are used. An external appearance of a
pump unit employed in the shown embodiment is shown
in Fig. 6. A construction of the ink supply pump 37 is
shown in Fig. 7. However, the ink circulating pump 41
and the ink supply pump 37 have completely identical

construction. Namely, these pumps 36, 41 and 47 are
driven by a direct current motor 48. The ink supply pump
37 and the ink circulating pump 41 are controlled oper-
ation thereof via clutches 49 and 50, respectively. A
pressure releasing cam 51 is driven by a not shown cam
clutch and switches the ink supply pump 37 and the ink
circulating pump 41 between active state and idling
state via a pump retainer 52.
[0037] Namely, even when the ink supply pump 37 is
driven under a condition shown in Fig. 7, a roller 53 of
the ink supply pump 37 merely contact with the ink sup-
ply tube 32 and cannot crush the latter. In such cases,
the roller 53 is merely driven in idling state. From this
condition, by turning the pressure releasing cam 51 over
180°, the pump retainer 52 is pivoted in counterclock-
wise direction about a pivot shaft 55 by a spring force of
a compression spring 54. Then, a gap between the roller
53 of the ink supply pump 37 and the pump retainer 52
is narrowed to crush the ink supply tube 32 by the roller
53 of the ink supply pump 37. By actuating the ink supply
pump 37 under this condition, a pumping function is
caused. When the clutches 49 and 50 are switched, the
ink supply pump 37 and the ink circulating pump 41 are
not actuated and the ink supply tube 31 and the ink cir-
culating tube 39 are held in closed condition.
[0038] The waste ink collection pump 47 is coupled
with a direct current motor 48 via a not shown one-way
clutch.
[0039] Accordingly, the ink stored in the supply ink
storage portion 34 of the ink cartridge 33 flows in a di-
rection shown by an arrow a in the drawing, within the
ink supply tube 32 from the branching tube 36 via the
check valve 31 by revolution of the ink supply pump 37
in counterclockwise direction, and is stored in the sub-
tank 29. When the ink accumulated in the sub-tank 29
reaches a predetermined amount, the ink flows in a di-
rection of arrow b from the ink return tube 38 to be re-
turned to the supply ink storage portion 34 of the ink
cartridge 33. At this time, the communication opening
closing valve 30 of the sub-tank 29 is placed in a condi-
tion closing the atmosphere communication opening 28.
[0040] By clockwise revolution of the ink supply pump
37 and the ink circulating pump 41, the ink accumulated
in the sub-tank 29 flows in directions of arrows c and d
within the ink supply tube 32 to be supplied the ink-jet
head 21 via the buffer tank 42 and a connecting portion
56 through the check valve 31. Then, the ink circulated
within the ink-jet head 21 flows in a direction of arrow e
within the ink circulating tube 39 from the connecting
portion 56 via a buffer tank 43, and again is returned to
the sub-tank 29. At this time, the communication open-
ing closing valve 30 of the sub-tank 29 is held in the
opened condition.
[0041] Next, the recovery process by the recovering
unit 24 will be explained. The recovery process of the
shown embodiment is consisted of a normal cleaning
process to be performed upon initiation of operation of
the card printer, a second cleaning process to be per-
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formed in place of the normal cleaning only when the
normal cleaning process is performed for a predeter-
mined times, a recovery process to be performed imme-
diately before formation of the image and a recovery
process performed immediately after formation of the
image.
[0042] When the normal cleaning process is per-
formed, in the capping position of the recovery process
position, namely waiting position, the pressure releasing
cam 51 is switched into the engaging position by rotation
over 180° from the release position shown in Fig. 7.
Then, when the ink supply pump 37 is driven in the
clockwise direction with disconnecting only clutch 50,
the ink circulating tube 39 is placed in a condition closed
by the ink circulating pump 41 to cause the ink within
the sub-tank 29 to flow in the direction shown by arrows
c and d to be discharged to an ink absorbing element
57 of the capping member 22 from the ejection opening
40 of the ink-jet head 21. At this time, the communication
opening closing valve 30 of the sub-tank 29 is placed in
the opened condition.
[0043] Thereafter, the ink-jet head 21 is elevated to
the wiping position to remove the ink droplet deposited
on the ejection opening surface 44 by the wiping blade
23 (see Fig. 3). Then, the ink-jet head 21 is lowered
again to the capping position. The pressure releasing
cam 51 is returned to the release position shown in Fig.
7 to perform preliminary ejection, namely to eject the
predetermined amount of ink droplet to the ink absorb-
ing element 57 of the capping member 22 from the ejec-
tion opening 40 of the ink-jet head 21 in the same oper-
ation as that upon formation of the image.
[0044] The waste ink thus received within the capping
member 22 is collected in the waste ink storage portion
45 of the ink cartridge 33 by the waste ink collection
pump 47.
[0045] When the normal cleaning process is per-
formed for a predetermined number of times, when it is
considered that bubble is admixed in the tubing system,
further elaborate second cleaning process is performed
in the following manner. Namely, in the capping position
of the recovery process position, the pressure releasing
cam 51 is switched to the engaging position to engage
both of the clutches 49 and 50 to drive the ink supply
pump 37 and the ink circulating pump 41 in the clock-
wise direction. Therefore, the ink is circulated in the ink-
jet head 21 and returned to the sub-tank 29. In this case,
while small amount, the ink from the ejection opening
40 is discharged to the ink absorbing element 57 of the
capping member 22. However, by the buffer tanks 42
and 43, pulsation of the ink supply pump 37 and the ink
circulating pump 41 are suppressed to permit smooth
circulation of the ink.
[0046] Furthermore, similar to the normal cleaning
process, the ink circulating pump 41 is stopped by dis-
engaging the clutch 50 to discharge the ink from the
ejection opening 40 by revolution of only ink supply
pump 37 to the ink absorbing element 57 of the capping

member 22. At this time, the communication opening
closing valve 30 of the sub-tank 29 is held in the open
position.
[0047] Thereafter, the ink-jet head 21 is elevated to
the wiping position to remove the ink droplet deposited
on the ejection opening surface 44 by the wiping blade
23. Then, the ink-jet head 21 is lowered again to the
capping position, the pressure releasing cam 51 is re-
turned to the release position shown in Fig. 7 to perform
preliminary ejection. By performing preliminary ejection,
the ink ejected from the ejection opening 40 is received
by the capping member 22 of the recovering unit 24 and
is collected in the waste ink storage portion 45 of the ink
cartridge 33 by the waste ink collection pump 47.
[0048] In the recovery process performed immediate-
ly before formation of image, preliminary ejection is per-
formed by the ink-jet head 21 with maintaining the pres-
sure releasing cam 51 in the release position at the cap-
ping position to receive the ink ejected from the ejection
opening 40 by the capping member 22 of the recovering
unit 24 to collect in the waste ink storage portion 45 of
the ink cartridge 33 by the waste ink collection pump 47.
At this time, the communication opening closing valve
30 of the sub-tank 29 is held in the open condition.
[0049] Thereafter, the ink-jet head 21 is lowered to the
image forming position to perform image forming proc-
ess for the cut-sheet 20.
[0050] In the recovery process immediately after im-
age forming operation, the pressure releasing cam 51
is switched from the release position to the engaging
position at the image forming position to elevate the ink-
jet head 21 to the wiping position under the ink supply
tube 32 and the ink circulating tube 39 are in closed con-
dition to wipe the ejection opening surface 44 by the wip-
ing blade 23 to remove the ink droplet deposited on the
ejection opening surface 44. Thereafter, the ink-jet head
21 is lowered to the capping position to cover the ejec-
tion opening surface 44 by the capping member 22 and
the pressure releasing cam 51 is switched to the release
position to perform the preliminary ejection. In the
shown embodiment, the foregoing wiping operation and
the preliminary ejection are repeated twice, respective-
ly.
[0051] When the ink-jet head 21 is moved from the
condition shown in Fig. 8 in the capping position to the
wiping position shown in Fig. 9, a negative pressure cor-
responding to a waterhead difference H acts in the ink
passage 58 of the ink-jet head 21. Thus, the position of
the ink surface (ink meniscus) formed at the ejection
opening 40 of the ink-jet head 21 is retracted into the
ink passage 58 (see Figs. 4 and 11) in the conventional
apparatus, and associating therewith, the foreign matter
W, such as dust and the like and the ink deposited in the
vicinity of the ejection opening 30 is drawn into the ink
passage 58. Such negative pressure is similarly gener-
ated in the case where the ink-jet head 21 is moved from
the image forming position to the recovery process po-
sition.
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[0052] However, in the shown embodiment, when the
ink-jet head 21 located at the image forming position is
moved to the recovery process position or when the ink-
jet head 21 located at the capping position is elevated
to the wiping position, the position of the ink surface or
ink meniscus M formed in the ejection opening 40 of the
ink-jet head 21 is not drawn into the ink passage 58 (see
Figs. 4 and 11) by preventing flow of the ink by blocking
the ink supply tube 32 and the ink circulating tube 39 to
prevent suction of the foreign matter, such as dust and
the like and the ink deposited in the vicinity of the ejec-
tion opening 40.
[0053] In the foregoing embodiment, the cut-sheet 20
is employed as the printing medium, any material and
kind of the printing medium depending may be applica-
ble adapting to mode of the image forming apparatus to
be an object. For example, the printing medium can be
a perforated continuous paper which can be cut at the
perforation, a sheet in a form of roll, on which labels on
strippable paper are sequentially arranged, film, cloth
and so on.
[0054] The present invention achieves distinct effect
when applied to an ink-jet apparatus which has means
for generating thermal energy such as electrothermal
transducers or laser light, and which causes changes in
ink by the thermal energy so as to eject ink. This is be-
cause such a system can achieve a high density and
high resolution image.
[0055] A typical structure and operational principle
thereof is disclosed in U.S. patent Nos. 4,723,129 and
4,740,796, and it is preferable to use this basic principle
to implement such a system. Although this system can
be applied either to on-demand type or continuous type
ink jet printing systems, it is particularly suitable for the
on-demand type apparatus. This is because the on-de-
mand type apparatus has electrothermal transducers,
each disposed on a sheet or liquid passage that retains
liquid, and operates as follows: first, one or more drive
signals are applied to the electrothermal transducers to
cause thermal energy corresponding to printing infor-
mation; second, the thermal energy induces sudden
temperature rise that exceeds the nucleate boiling so as
to cause the film boiling on heating portions of the ink-
jet head; and third, bubbles are grown in liquid corre-
sponding to the drive signals. By using the growth and
collapse of the bubbles, the ink is expelled from at least
one of the ink ejection openings of the ink-jet head to
form one or more ink drops. The drive signal in the form
of a pulse is preferable because the growth and collapse
of the bubbles can be achieved instantaneously and
suitably by this form of drive signal. As a drive signal in
the form of a pulse, those described in U.S. patent Nos.
4,463,359 and 4,345,262 are preferable. In addition, it
is preferable that the rate of temperature rise of the heat-
ing portions described in U.S. patent No. 4,313,124 be
adopted to achieve better image forming.
[0056] U.S. patent Nos. 4,558,333 and 4,459,600 dis-
close the following structure of an ink-jet head, which is

incorporated to the present invention: this structure in-
cludes heating portions disposed on bent portions in ad-
dition to a combination of the ejection openings, liquid
passages and the electrothermal transducers disclosed
in the above patents. Moreover, the present invention
can be applied to structures disclosed in Japanese Pat-
ent Application Laying-open Nos. 123670/1984 and
138461/1984 in order to achieve similar effects. The
former discloses a structure in which a slit common to
all the electrothermal transducers is used as ejection
openings of the electrothermal transducers, and the lat-
ter discloses a structure in which openings for absorbing
pressure waves caused by thermal energy are formed
corresponding to the ejection openings. Thus, irrespec-
tive of the type of the ink-jet head, the present invention
can achieve image forming positively and effectively.
[0057] It is further preferable to add a preliminary aux-
iliary system for the ink-jet head as a constituent of the
image forming apparatus because they serve to make
the effect of the present invention more reliable. Exam-
ples of the preliminary auxiliary system are a preliminary
heating means utilizing electrothermal transducers or a
combination of other heater elements and the electro-
thermal transducers.
[0058] The number and type of ink-jet heads to be
mounted on the image forming apparatus can be also
changed. For example, only one ink-jet head corre-
sponding to a single color ink, or a plurality of ink-jet
heads corresponding to a plurality of inks different in
color or concentration can be used. In other words, the
present invention can be effectively applied to an appa-
ratus having at least one of the monochromatic, multi-
color and full-color modes. Here, the monochromatic
mode performs printing by using only one major color
such as black. The multi-color mode carries out printing
by using different color inks, and the full-color mode per-
forms printing by color mixing. In this case, it is also ef-
fective to eject treatment liquid (printing ability enhanc-
ing liquid) for adjusting printing ability of the ink depend-
ing upon the printing medium.
[0059] Furthermore, although the above-described
embodiments use liquid ink, inks that are liquid when
the recording signal is applied can be used: for example,
inks can be employed that solidify at a temperature low-
er than the room temperature and are softened or lique-
fied in the room temperature. The present invention is
most effective when it uses the film boiling phenomenon
to expel the ink.
[0060] Furthermore, the image forming apparatus of
the present invention can be employed not only as an
image output terminal of an information processing de-
vice such as a computer, but also as an output device
of a copying machine including a reader, and as an out-
put device of a facsimile or textile printing apparatus
having a transmission and receiving function. The print-
ing medium may be sheet form or elongated paper or
cloth, or plate form wood, stone, resin, glass, metal, and
in addition, three-dimensional structural member and so
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on.
[0061] The present invention has been described in
detail with respect to various embodiments, and it will
now be apparent from the foregoing to those skilled in
the art that changes and modifications may be made
without departing from the invention in its broader as-
pects, and it is the intention, therefore, in the appended
claims to cover all such changes and modifications as
fall within the scope of the invention as defined by the
appended claims.

Claims

1. An image forming method forming an image on a
printing medium in an image forming position utiliz-
ing a liquid ejection head for forming said image on
the printing medium by ejecting liquid in said image
forming position, comprising:

step of performing a recovery process at a re-
covery process position set on upper side of
said image forming position for recovering
ejecting condition of liquid from said liquid
ejecting head; and
step of closing a liquid supply passage for sup-
plying liquid to said liquid ejection head during
movement of said liquid ejection head from said
image forming position to said recovery proc-
ess position.

2. An image forming method as claimed in claim 1,
characterized in that said recovery process posi-
tion includes a capping position for covering an
ejection opening surface provided with an ejection
opening of said liquid ejection head for ejecting liq-
uid, and a wiping position set on upper side of said
capping position for wiping said ejection opening
surface.

3. An image forming method as claimed in claim 2,
characterized in that said recovery process in-
cludes at least one of steps of performing prelimi-
nary ejection of liquid from said ejection opening of
said liquid ejection head at said capping position,
expelling liquid from said ejection opening of said
liquid ejection head by pressurizing said liquid sup-
ply passage, and sucking said liquid from said eject-
ing opening of said liquid ejection head.

4. An image forming method as claimed in any one of
claims 1 to 3, characterized in that liquid is ink or
treatment liquid for adjusting printing ability of the
ink on and/or in the printing medium.

5. An apparatus for forming an image on a printing me-
dium, comprising: a liquid ejection head provided
with an ejection opening for ejecting liquid,

a liquid supply passage connected to said liquid
ejection head;
recovery process means for recovering eject-
ing condition of liquid from said liquid ejection
head;
head moving means for moving said liquid ejec-
tion head between said recovery process posi-
tion for performing recovery process of said liq-
uid ejection head by said recovery process
means and an image forming position for form-
ing an image on the printing medium by said
liquid ejection head; and
closing means for closing said liquid supply
passage during movement of said liquid ejec-
tion head at least to said recovery process po-
sition by said head moving means.

6. An image forming apparatus as claimed in claim 5,
characterized in that said recovery process posi-
tion includes a capping position and a wiping posi-
tion located above said capping position, said re-
covery process means having a capping member
for covering said ejection opening surface provided
with an ejection opening of said liquid ejection head
ejecting liquid at said capping position and a wiping
member for wiping said ejection opening surface at
said wiping position.

7. An image forming apparatus as claimed in claim 6,
characterized in that said recovery process
means preliminary ejects liquid from said ejection
opening of said liquid ejection head at said capping
position, expelling liquid from said ejection opening
of said liquid ejection head by actuating said liquid
supply means or sucking liquid from said ejection
opening of said liquid ejection head via said capping
member.

8. An image forming apparatus as claimed in any one
of claims 5 to 7, characterized in that said liquid
ejection head has an ejection energy generating
portion for ejecting liquid from said ejection open-
ing.

9. An image forming apparatus as claimed in claim 8,
characterized in that said ejection energy gener-
ating portion has an electrothermal transducer for
generating thermal energy.

10. An image forming apparatus as claimed in any one
of claims 5 to 9, characterized in that a plurality of
said ejection openings are provided for said liquid
ejection head and arranged over the entire width of
a printing region of the printing medium.
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Patentansprüche

1. Bilderzeugungsverfahren zum Erzeugen eines Bil-
des auf ein Druckmedium in einer Bilderzeugungs-
position unter Verwendung eines Flüssigkeitsaus-
stoßkopfs zum Erzeugen des Bildes auf das Druck-
medium durch Ausstoßen von Flüssigkeit in der Bil-
derzeugungsposition mit:

einem Schritt zum Durchführen eines Wieder-
herstellungsprozesses an einer Wiederherstel-
lungsprozessposition, die an einer oberen Sei-
te der Bilderzeugungsposition festgelegt ist,
um einen Zustand zum Ausstoßen von Flüssig-
keit aus dem Flüssigkeitsausstoßkopf wieder-
herzustellen; und
einem Schritt zum Schließen eines Flüssig-
keitszuführungskanals zum Zuführen einer
Flüssigkeit zu dem Flüssigkeitsausstoßkopf
während einer Bewegung des Flüssigkeitsaus-
stoßkopfs von der Bilderzeugungsposition zu
der Wiederherstellungsprozessposition.

2. Bilderzeugungsverfahren gemäß Anspruch 1,
dadurch gekennzeichnet, dass
die Wiederherstellungsprozessposition eine Ab-
deckposition zum Abdecken einer Ausstoßöff-
nungsfläche beinhaltet, die mit einer Ausstoßöff-
nung des Flüssigkeitsausstoßkopfs zum Aussto-
ßen von Flüssigkeit versehen ist, und
dass sie eine Wischposition beinhaltet, die an der
oberen Seite der Abdeckposition zum Abwischen
der Ausstoßöffnungsfläche festgelegt ist.

3. Bilderzeugungsverfahren gemäß Anspruch 2,
dadurch gekennzeichnet, dass
der Wiederherstellungsprozess zumindest einen
Schritt zum Durchführen eines Vorausstoßvor-
gangs von Flüssigkeit aus der Ausstoßöffnung des
Flüssigkeitsausstoßkopfs an der Abdeckposition,
einen Schritt zum Auslassen von Flüssigkeit aus
der Ausstoßöffnung des Flüssigkeitsausstoßkopfs
durch eine Druckbeaufschlagung des Flüssigkeits-
zuführungskanals oder einen Schritt zum Saugen
der Flüssigkeit aus der Ausstoßöffnung des Flüs-
sigkeitsausstoßkopfs beinhaltet.

4. Bilderzeugungsverfahren gemäß einem der An-
sprüche 1 bis 3,
dadurch gekennzeichnet, dass
die Flüssigkeit eine Tinte oder eine Behandlungs-
flüssigkeit zum Einstellen einer Druckfähigkeit der
Tinte auf das und/oder in dem Druckmedium ist.

5. Gerät zum Erzeugen eines Bildes auf ein Druckme-
dium mit

einem Flüssigkeitsausstoßkopf, der mit einer
Ausstoßöffnung zum Ausstoßen von Flüssigkeit

versehen ist;
einem Flüssigkeitszuführungskanal, der mit

dem Flüssigkeitsausstoßkopf verbunden ist;
einer Wiederherstellungsprozesseinrichtung

zum Wiederherstellen eines Zustands zum Aussto-
ßen von Flüssigkeit aus dem
Flüssigkeitsausstoßkopf;

einer Kopfbewegungseinrichtung zum Bewe-
gen des Flüssigkeitsausstoßkopfs zwischen der
Wiederherstellungsprozessposition zum Durchfüh-
ren eines Wiederherstellungsprozesses des Flüs-
sigkeitsausstoßkopfs durch die Wiederherstel-
lungsprozesseinrichtung und einer Bilderzeu-
gungsposition zum Erzeugen eines Bildes auf das
Druckmedium durch den Flüssigkeitsausstoßkopf;
und

einer Schließeinrichtung zum Schließen des
Flüssigkeitszuführungskanals während einer Be-
wegung des Flüssigkeitsausstoßkopfs zumindest
zu der Wiederherstellungsprozessposition durch
die Kopfbewegungseinrichtung.

6. Bilderzeugungsgerät gemäß Anspruch 5,
dadurch gekennzeichnet, dass
die Wiederherstellungsprozessposition eine Ab-
deckposition und eine Wischposition beinhaltet, die
über der Abdeckposition angeordnet ist, wobei die
Wiederherstellungsprozesseinrichtung an der Ab-
deckposition ein Abdeckungselement zum Abdek-
ken der Ausstoßöffnungsfläche hat, die mit einer
Ausstoßöffnung des Flüssigkeitsausstoßkopfs ver-
sehen ist, die eine Flüssigkeit ausstößt, und dass
sie an der Wischposition ein Wischelement zum Ab-
wischen der Ausstoßöffnungsfläche hat.

7. Bilderzeugungsgerät gemäß Anspruch 6,
dadurch gekennzeichnet, dass
die Wiederherstellungsprozesseinrichtung einen
Vorausstoßvorgang von Flüssigkeit aus der Aus-
stoßöffnung des Flüssigkeitsausstoßkopfs an der
Abdeckposition ausführt, Flüssigkeit aus der Aus-
stoßöffnung des Flüssigkeitsausstoßkopfs durch
Betätigen der Flüssigkeitszuführungseinrichtung
auslässt oder Flüssigkeit aus der Ausstoßöffnung
des Flüssigkeitsausstoßkopfs über das Abdek-
kungselement ansaugt.

8. Bilderzeugungsgerät gemäß einem der Ansprüche
5 bis 7,
dadurch gekennzeichnet, dass
der Flüssigkeitsausstoßkopf einen Ausstoßener-
gieerzeugungsabschnitt zum Ausstoßen von Flüs-
sigkeit aus der Ausstoßöffnung hat.

9. Bilderzeugungsgerät gemäß Anspruch 8,
dadurch gekennzeichnet, dass
der Ausstoßenergieerzeugungsabschnitt einen
elektrothermischen Wandler zum Erzeugen von
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Wärmeenergie hat.

10. Bilderzeugungsgerät gemäß einem der Ansprüche
5 bis 9,
dadurch gekennzeichnet, dass
eine Vielzahl Ausstoßöffnungen für den Flüssig-
keitsausstoßkopf vorgesehen ist, die über die ge-
samte Breite eines Druckbereichs des Druckmedi-
ums angeordnet sind.

Revendications

1. Procédé de formation d'image formant une image
sur un support d'impression dans une position de
formation d'image en utilisant une tête d'éjection de
liquide pour former ladite image sur le support d'im-
pression en éjectant un liquide dans ladite position
de formation d'image, comprenant :

une étape d'exécution d'un traitement de res-
tauration dans une position de traitement de
restauration établie sur un côté supérieur de la-
dite position de formation d'image pour restau-
rer un état d'éjection de liquide à partir de ladite
tête d'éjection de liquide ; et
une étape de fermeture d'un passage d'alimen-
tation en liquide, destiné à alimenter en liquide
ladite tête d'éjection de liquide, pendant un
mouvement de ladite tête d'éjection de liquide
depuis ladite position de formation d'image jus-
qu'à ladite position de traitement de restaura-
tion.

2. Procédé de formation d'image selon la revendica-
tion 1, caractérisé en ce que ladite position de trai-
tement de restauration comprend une position de
coiffage pour recouvrir une surface à ouverture
d'éjection pourvue d'une ouverture d'éjection de la-
dite tête d'éjection de liquide pour l'éjection d'un li-
quide, et une position d'essuyage établie sur un cô-
té supérieur de ladite position de coiffage pour es-
suyer ladite surface à ouverture d'éjection.

3. Procédé de formation d'image selon la revendica-
tion 2, caractérisé en ce que ledit traitement de
restauration comprend au moins l'une des étapes
consistant à exécuter une éjection préliminaire de
liquide depuis ladite ouverture d'éjection de ladite
tête d'éjection de liquide dans ladite position de coif-
fage, à expulser du liquide depuis ladite ouverture
d'éjection de ladite tête d'éjection de liquide en met-
tant sous pression ledit passage d'alimentation en
liquide, et à aspirer ledit liquide depuis ladite ouver-
ture d'éjection de ladite tête d'éjection de liquide.

4. Procédé de formation d'image selon l'une quelcon-
que des revendications 1 à 3, caractérisé en ce

que le liquide est une encre ou un liquide de traite-
ment pour ajuster l'aptitude à l'impression de l'encre
sur et/ou dans le support d'impression.

5. Appareil de formation d'image sur un support d'im-
pression, comportant une tête d'éjection de liquide
pourvue d'une ouverture d'éjection pour éjecter un
liquide,

un passage d'alimentation en liquide raccordé
à ladite tête d'éjection de liquide ;

un moyen de traitement de restauration des-
tiné à restaurer un état d'éjection de liquide depuis
ladite tête d'éjection de liquide ;

un moyen de déplacement de tête destiné à
déplacer ladite tête d'éjection de liquide entre ladite
position de traitement de restauration pour effec-
tuer un traitement de restauration de ladite tête
d'éjection de liquide par ledit moyen de traitement
de restauration et une position de formation d'image
pour former une image sur le support d'impression
par ladite tête d'éjection de liquide ; et

un moyen de fermeture destiné à fermer ledit
passage d'alimentation en liquide pendant un mou-
vement de ladite tête d'éjection de liquide au moins
jusqu'à ladite position de traitement de restauration,
par ledit moyen de déplacement de la tête.

6. Appareil de formation d'image selon la revendica-
tion 5, caractérisé en ce que ladite position de trai-
tement de restauration comprend une position de
coiffage et une position de pliage située au-dessus
de ladite position de coiffage, ledit moyen de traite-
ment de restauration ayant un élément de coiffage
destiné à recouvrir ladite surface à ouverture d'éjec-
tion pourvue d'une ouverture d'éjection de ladite tê-
te d'éjection de liquide éjectant du liquide dans la-
dite position de coiffage, et un élément de pliage
destiné à essuyer ladite surface à ouverture d'éjec-
tion dans ladite position d'essuyage.

7. Appareil de formation d'image selon la revendica-
tion 6, caractérisé en ce que ledit moyen de trai-
tement de restauration effectue une éjection préli-
minaire de liquide depuis ladite ouverture d'éjection
de ladite tête d'éjection de liquide dans ladite posi-
tion de coiffage, expulsant du liquide depuis ladite
ouverture d'éjection de ladite tête d'éjection de li-
quide en actionnant ledit moyen d'alimentation en
liquide ou aspirant du liquide depuis ladite ouvertu-
re d'éjection de ladite tête d'éjection de liquide par
l'intermédiaire dudit élément de coiffage.

8. Appareil de formation d'image selon l'une quelcon-
que des revendications 5 à 7, caractérisé en ce
que ladite tête d'éjection de liquide comporte une
partie de génération d'énergie d'éjection pour éjec-
ter un liquide depuis ladite ouverture d'éjection.
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9. Appareil de formation d'image selon la revendica-
tion 8, caractérisé en ce que ladite partie de gé-
nération d'énergie d'éjection comporte un transduc-
teur électrothermique destiné à générer de l'énergie
thermique.

10. Appareil de formation d'image selon l'une quelcon-
que des revendications 5 à 9, caractérisé en ce
que plusieurs desdites ouvertures d'éjection sont
prévues pour ladite tête d'éjection de liquide et sont
agencées sur toute la largeur d'une région d'im-
pression du support d'impression.
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