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(54) INKJET PRINTING APPARATUS AND INKJET PRINTING METHOD

(57) Ink is circulated through a circulation flow path
(C2, C4) between a print head (8) and an ink tank (151).
Detection operation for detecting an ink ejection state in
an ejection opening in the print head (8) is performed.
The ink circulation and the detection operation are simul-
taneously performed by performing the detection opera-
tion in response to a start of the ink circulation.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an inkjet print-
ing apparatus and inkjet printing method using a print
head configured to eject ink to print an image.

Description of the Related Art

[0002] Japanese Patent Laid-Open No. 2011-62847
discloses detecting an ink ejection state of a print head,
and in the case of detecting that the ink ejection state is
not good, performing a recovery operation to improve the
ink ejection state and then repeating the detection of the
ink ejection state.

SUMMARY OF THE INVENTION

[0003] In Japanese Patent Laid-Open No.
2011-062847, since the detection of the ink ejection state
and the recovery operation for improving the ink ejection
state are sequentially performed, it takes time to detect
that the ejection state is good, following detection that
the ink ejection state is not good.
[0004] The present invention provides an inkjet printing
apparatus and inkjet printing method capable of reducing
the time required for the detection of the ink ejection state
and the recovery operation for recovering the ink ejection
state.
[0005] The present invention in its first aspect provides
an ink jet printing apparatus as specified in claims 1 to 18.
[0006] The present invention in its second aspect pro-
vides a printing method as specified in claims 19 to 22.
[0007] According to the present invention, the time re-
quired for detecting that the ejection state of the print
head is good can be reduced by simultaneously perform-
ing the recovery operation and the detection operation.
[0008] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a diagram showing a printing apparatus in
a standby state;
FIG. 2 is a control configuration diagram of the print-
ing apparatus;
FIG. 3 is a diagram showing the printing apparatus
in a printing state;
FIG. 4A, FIG. 4B, and FIG. 4C are conveying path
diagrams of a print medium fed from a first cassette;
FIG. 5 is a diagram showing the printing apparatus

in a maintenance state;
FIG. 6A is a perspective view of a maintenance unit
in a standby position and
FIG. 6B is a perspective view of the maintenance
unit in a maintenance position;
FIG. 7 is a diagram showing a flow path configuration
of an ink circulation system;
FIG. 8A is an enlarged plan view of part of a printing
element substrate and FIG. 8B is a cross-sectional
view along line VIIIB-VIIIB in FIG. 8A;
FIG. 9A is an enlarged view of part of the printing
element substrate, FIG. 9B is a cross-sectional view
along line IXB-IXB in FIG. 9A, and FIG. 9C is a cross-
sectional view along line IXC-IXC in FIG. 9A;
FIG. 10 is a diagram showing a temperature detected
by a temperature detection element;
FIG. 11A and FIG. 11B are flowcharts showing an
ink circulation process (1) and an ink circulation proc-
ess (2) in a first embodiment of the present invention;
FIG. 12A and FIG. 12B are tables showing different
examples of a first determination method of an ink
ejection state;
FIG. 13A and FIG. 13B are tables showing different
examples of a second determination method of an
ink ejection state;
FIG. 14 is a table showing a third determination meth-
od of an ink ejection state;
FIG. 15 is a flowchart showing an ink circulation proc-
ess in a second embodiment of the present inven-
tion;
FIG. 16 is a flowchart showing an ink circulation proc-
ess in a third embodiment of the present invention;
FIG. 17 is a flowchart showing an ink circulation proc-
ess in a fourth embodiment of the present invention;
FIG. 18 is a flowchart showing an ink circulation proc-
ess in a fifth embodiment of the present invention;
and
FIG. 19A is a flowchart showing an ink circulation
process in a sixth embodiment of the present inven-
tion and FIG. 19B is a graph showing an example of
the progression of the number of inoperative nozzles
in execution of circulation operation.

DESCRIPTION OF THE EMBODIMENTS

[0010] Embodiments of the present invention will be
described below with reference to the drawings. Each of
the embodiments of the present invention described be-
low can be implemented solely or as a combination of a
plurality of the embodiments. Also, features from different
embodiments can be combined where necessary or
where the combination of elements or features from in-
dividual embodiments in a single embodiment is benefi-
cial.

(First embodiment)

[0011] FIG. 1 is an internal configuration diagram of an
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inkjet printing apparatus 1 (hereinafter "printing appara-
tus I") used in the present embodiment. In the drawings,
an x-direction is a horizontal direction, a y-direction (a
direction perpendicular to paper) is a direction in which
ejection openings are arrayed in a print head 8 described
later, and a z-direction is a vertical direction.
[0012] The printing apparatus 1 is a multifunction print-
er comprising a print unit 2 and a scanner unit 3. The
printing apparatus 1 can use the print unit 2 and the scan-
ner unit 3 separately or in synchronization to perform
various processes related to print operation and scan
operation. The scanner unit 3 comprises an automatic
document feeder (ADF) and a flatbed scanner (FBS) and
is capable of scanning a document automatically fed by
the ADF as well as scanning a document placed by a
user on a document plate of the FBS. The present em-
bodiment is directed to the multifunction printer compris-
ing both the print unit 2 and the scanner unit 3, but the
scanner unit 3 may be omitted. FIG. 1 shows the printing
apparatus 1 in a standby state in which neither print op-
eration nor scan operation is performed.
[0013] In the print unit 2, a first cassette 5A and a sec-
ond cassette 5B for housing printing medium (cut sheets)
S are detachably provided at the bottom of a casing 4 in
the vertical direction. Relatively small printing medium of
up to A4 size are stacked and housed in the first cassette
5A and relatively large printing medium of up to A3 size
are stacked and hosed in the second cassette 5B. A first
feeding unit 6A for feeding housed printing medium one
by one is provided near the first cassette 5A. Similarly,
a second feeding unit 6B is provided near the second
cassette 5B. In print operation, a print medium S is se-
lectively fed from either one of the cassettes.
[0014] Conveying rollers 7, a discharging roller 12,
pinch rollers 7a, spurs 7b, a guide 18, an inner guide 19,
and a flapper 11 are conveying mechanisms for guiding
a print medium S in a predetermined direction. The con-
veying rollers 7 are drive rollers located upstream and
downstream of the print head 8 and driven by a conveying
motor (not shown). The pinch rollers 7a are follower roll-
ers that are turned while nipping a print medium S to-
gether with the conveying rollers 7. The discharging roller
12 is a drive roller located downstream of the conveying
rollers 7 and driven by the conveying motor (not shown).
The spurs 7b nip and convey a print medium S together
with the conveying rollers 7 and discharging roller 12 lo-
cated downstream of the print head 8.
[0015] The guide 18 is provided in a conveying path of
a print medium S to guide the print medium S in a pre-
determined direction. The inner guide 19 is a member
extending in the y-direction. The inner guide 19 has a
curved side surface and guides a print medium S along
the side surface. The flapper 11 is a member for changing
a direction in which a print medium S is conveyed in du-
plex print operation. A discharging tray 13 is a tray for
stacking and housing printing medium S that were sub-
jected to print operation and discharged by the discharg-
ing roller 12.

[0016] The print head 8 of the present embodiment is
a full line type color inkjet print head. In the print head 8,
a plurality of ejection openings configured to eject ink
based on print data are arrayed in the y-direction in FIG.
1 so as to correspond to the width of a print medium S.
That is, the print head is configured to eject inks of a
plurality of colors. When the print head 8 is in a standby
position, an ejection opening surface 8a of the print head
8 is oriented vertically downward and capped with a cap
unit 10 as shown in FIG. 1. In print operation, the orien-
tation of the print head 8 is changed by a print controller
202 described later such that the ejection opening sur-
face 8a faces a platen 9. The platen 9 includes a flat plate
extending in the y-direction and supports a print medium
S being subjected to print operation by the print head 8
from the back side. The movement of the print head 8
from the standby position to a printing position will be
described later in detail.
[0017] An ink tank unit 14 separately stores inks of four
colors to be supplied to the print head 8. An ink supply
unit 15 is provided in the midstream of a flow path con-
necting the ink tank unit 14 to the print head 8 to adjust
the pressure and flow rate of ink in the print head 8 within
a suitable range. The present embodiment adopts a cir-
culation type ink supply system, where the ink supply unit
15 adjusts the pressure of ink supplied to the print head
8 and the flow rate of ink collected from the print head 8
within a suitable range.
[0018] A maintenance unit 16 comprises the cap unit
10 and a wiping unit 17 and activates them at predeter-
mined timings to perform maintenance operation for the
print head 8. The maintenance operation will be de-
scribed later in detail.
[0019] FIG. 2 is a block diagram showing a control con-
figuration in the printing apparatus 1. The control config-
uration mainly includes a print engine unit 200 that exer-
cises control over the print unit 2, a scanner engine unit
300 that exercises control over the scanner unit 3, and
a controller unit 100 that exercises control over the entire
printing apparatus 1. A print controller 202 controls var-
ious mechanisms of the print engine unit 200 under in-
structions from a main controller 101 of the controller unit
100. Various mechanisms of the scanner engine unit 300
are controlled by the main controller 101 of the controller
unit 100. The control configuration will be described be-
low in detail.
[0020] In the controller unit 100, the main controller
101 including a CPU controls the entire printing appara-
tus 1 using a RAM 106 as a work area in accordance
with various parameters and programs stored in a ROM
107. For example, when a print job is input from a host
apparatus 400 via a host I/F 102 or a wireless I/F 103,
an image processing unit 108 executes predetermined
image processing for received image data under instruc-
tions from the main controller 101. The main controller
101 transmits the image data subjected to the image
processing to the print engine unit 200 via a print engine
I/F 105.
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[0021] The printing apparatus 1 may acquire image da-
ta from the host apparatus 400 via a wireless or wired
communication or acquire image data from an external
storage unit (such as a USB memory) connected to the
printing apparatus 1. A communication system used for
the wireless or wired communication is not limited. For
example, as a communication system for the wireless
communication, Wi-Fi (Wireless Fidelity; registered
trademark) and Bluetooth (registered trademark) can be
used. As a communication system for the wired commu-
nication, a USB (Universal Serial Bus) and the like can
be used. For example, when a scan command is input
from the host apparatus 400, the main controller 101
transmits the command to the scanner unit 3 via a scan-
ner engine I/F 109.
[0022] An operating panel 104 is a mechanism to allow
a user to do input and output for the printing apparatus
1. A user can give an instruction to perform operation
such as copying and scanning, set a print mode, and
recognize information about the printing apparatus 1 via
the operating panel 104.
[0023] In the print engine unit 200, the print controller
202 including a CPU controls various mechanisms of the
print unit 2 using a RAM 204 as a work area in accordance
with various parameters and programs stored in a ROM
203. When various commands and image data are re-
ceived via a controller I/F 201, the print controller 202
temporarily stores them in the RAM 204. The print con-
troller 202 allows an image processing controller 205 to
convert the stored image data into print data such that
the print head 8 can use it for print operation. After the
generation of the print data, the print controller 202 allows
the print head 8 to perform print operation based on the
print data via a head I/F 206. At this time, the print con-
troller 202 conveys a print medium S by driving the feed-
ing units 6A and 6B, conveying rollers 7, discharging roll-
er 12, and flapper 11 shown in FIG. 1 via a conveyance
control unit 207. The print head 8 performs print operation
in synchronization with the conveyance operation of the
print medium S under instructions from the print controller
202, thereby performing printing.
[0024] A head carriage control unit 208 changes the
orientation and position of the print head 8 in accordance
with an operating state of the printing apparatus 1 such
as a maintenance state or a printing state. An ink supply
control unit 209 controls the ink supply unit 15 such that
the pressure of ink supplied to the print head 8 is within
a suitable range. A maintenance control unit 210 controls
the operation of the cap unit 10 and wiping unit 17 in the
maintenance unit 16 when performing maintenance op-
eration for the print head 8.
[0025] In the scanner engine unit 300, the main con-
troller 101 controls hardware resources of the scanner
controller 302 using the RAM 106 as a work area in ac-
cordance with various parameters and programs stored
in the ROM 107, thereby controlling various mechanisms
of the scanner unit 3. For example, the main controller
101 controls hardware resources in the scanner control-

ler 302 via a controller I/F 301 to cause a conveyance
control unit 304 to convey a document placed by a user
on the ADF and cause a sensor 305 to scan the docu-
ment. The scanner controller 302 stores scanned image
data in a RAM 303. The print controller 202 can convert
the image data acquired as described above into print
data to enable the print head 8 to perform print operation
based on the image data scanned by the scanner con-
troller 302.
[0026] FIG. 3 shows the printing apparatus 1 in a print-
ing state. As compared with the standby state shown in
FIG. 1, the cap unit 10 is separated from the ejection
opening surface 8a of the print head 8 and the ejection
opening surface 8a faces the platen 9. In the present
embodiment, the plane of the platen 9 is inclined about
45° with respect to the horizontal plane. The ejection
opening surface 8a of the print head 8 in a printing posi-
tion is also inclined about 45° with respect to the horizon-
tal plane so as to keep a constant distance from the platen
9.
[0027] In the case of moving the print head 8 from the
standby position shown in FIG. 1 to the printing position
shown in FIG. 3, the print controller 202 uses the main-
tenance control unit 210 to move the cap unit 10 down
to an evacuation position shown in FIG. 3, thereby sep-
arating the cap member 10a from the ejection opening
surface 8a of the print head 8. The print controller 202
then uses the head carriage control unit 208 to turn the
print head 8 45° while adjusting the vertical height of the
print head 8 such that the ejection opening surface 8a
faces the platen 9. After the completion of print operation,
the print controller 202 reverses the above procedure to
move the print head 8 from the printing position to the
standby position.
[0028] Next, a conveying path of a print medium S in
the print unit 2 will be described. When a print command
is input, the print controller 202 first uses the maintenance
control unit 210 and the head carriage control unit 208
to move the print head 8 to the printing position shown
in FIG. 3. The print controller 202 then uses the convey-
ance control unit 207 to drive either the first feeding unit
6A or the second feeding unit 6B in accordance with the
print command and feed a print medium S.
[0029] FIG. 4A, FIG. 4B, and FIG. 4C are diagrams
showing a conveying path in the case of feeding an A4
size print medium S from the first cassette 5A. A print
medium S at the top of a stack of printing medium in the
first cassette 5A is separated from the rest of the stack
by the first feeding unit 6A and conveyed toward a print
area P between the platen 9 and the print head 8 while
being nipped between the conveying rollers 7 and the
pinch rollers 7a. FIG. 4A shows a conveying state where
the front end of the print medium S is about to reach the
print area P. The direction of movement of the print me-
dium S is changed from the horizontal direction (x-direc-
tion) to a direction inclined about 45° with respect to the
horizontal direction while being fed by the first feeding
unit 6A to reach the print area P.
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[0030] In the print area P, a plurality of ejection open-
ings provided in the print head 8 eject ink toward the print
medium S. In an area where ink is applied to the print
medium S, the back side of the print medium S is sup-
ported by the platen 9 so as to keep a constant distance
between the ejection opening surface 8a and the print
medium S. After ink is applied to the print medium S, the
conveying rollers 7 and the spurs 7b guide the print me-
dium S such that the print medium S passes on the left
of the flapper 11 with its tip inclined to the right and is
conveyed along the guide 18 in the vertically upward di-
rection of the printing apparatus 1. FIG. 4B shows a state
where the front end of the print medium S has passed
through the print area P and the print medium S is being
conveyed vertically upward. The conveying rollers 7 and
the spurs 7b change the direction of movement of the
print medium S from the direction inclined about 45° with
respect to the horizontal direction in the print area P to
the vertically upward direction.
[0031] After being conveyed vertically upward, the
print medium S is discharged into the discharging tray
13 by the discharging roller 12 and the spurs 7b. FIG. 4C
shows a state where the front end of the print medium S
has passed through the discharging roller 12 and the
print medium S is being discharged into the discharging
tray 13. The discharged print medium S is held in the
discharging tray 13 with the side on which an image was
printed by the print head 8 down.
[0032] Similarly, an A3 size print medium S accommo-
dated in the second cassette 5B is conveyed toward the
print area P between the platen 9 and the print head 8.
That is, the print medium S at the top of a stack of printing
medium in the second cassette 5B is separated from the
rest of the stack by the second feeding unit 6B and con-
veyed toward the print area P between the platen 9 and
the print head 8 while being nipped between the convey-
ing rollers 7 and the pinch rollers 7a.
[0033] In the case of performing duplex printing of an
A4 size print medium S, print operation is performed for
the second side (back side) after printing the first side
(front side). A conveying procedure in the case of printing
the first side is the same as that shown in FIG. 4A, FIG.
4B, and FIG. 4C and therefore description will be omitted.
After the print head 8 finishes print operation for the first
side and the back end of the print medium S passes by
the flapper 11, the print controller 202 turns the conveying
rollers 7 backward to convey the print medium S into the
printing apparatus 1. At this time, since the flapper 11 is
controlled by an actuator (not shown) such that the tip of
the flapper 11 is inclined to the left, the front end of the
print medium S (corresponding to the back end during
the print operation for the first side) passes on the right
of the flapper 11 and is conveyed vertically downward.
[0034] Then, the print medium S is conveyed along the
curved outer surface of the inner guide 19 and then con-
veyed again to the print area P between the print head
8 and the platen 9. At this time, the second side of the
print medium S faces the ejection opening surface 8a of

the print head 8. The rest of the conveying path is the
same as that in the case of the print operation for the first
side shown in FIG. 4B and FIG. 4C. In a case where the
front end of the print medium S has passed through the
print area P and the print medium S is being conveyed
vertically upward, the flapper 11 is controlled by the ac-
tuator (not shown) such that the tip of the flapper 11 is
inclined to the right.
[0035] Next, maintenance operation for the print head
8 will be described. As described with reference to FIG.
1, the maintenance unit 16 of the present embodiment
comprises the cap unit 10 and the wiping unit 17 and
activates them at predetermined timings to perform main-
tenance operation.
[0036] FIG. 5 is a diagram showing the printing appa-
ratus 1 in a maintenance state. In the case of moving the
print head 8 from the standby position shown in FIG. 1
to a maintenance position shown in FIG. 5, the print con-
troller 202 moves the print head 8 vertically upward and
moves the cap unit 10 vertically downward. The print con-
troller 202 then moves the wiping unit 17 from the evac-
uation position to the right in FIG. 5. After that, the print
controller 202 moves the print head 8 vertically downward
to the maintenance position where maintenance opera-
tion can be performed.
[0037] On the other hand, in the case of moving the
print head 8 from the printing position shown in FIG. 3 to
the maintenance position shown in FIG. 5, the print con-
troller 202 moves the print head 8 vertically upward while
turning it 45°. The print controller 202 then moves the
wiping unit 17 from the evacuation position to the right.
Following that, the print controller 202 moves the print
head 8 vertically downward to the maintenance position
where maintenance operation can be performed.
[0038] FIG. 6A is a perspective view showing the main-
tenance unit 16 in a standby position. FIG. 6B is a per-
spective view showing the maintenance unit 16 in a main-
tenance position. FIG. 6A corresponds to FIG. 1 and FIG.
6B corresponds to FIG. 5. When the print head 8 is in
the standby position, the maintenance unit 16 is in the
standby position shown in FIG. 6A, the cap unit 10 has
been moved vertically upward, and the wiping unit 17 is
housed in the maintenance unit 16. The cap unit 10 com-
prises a box-shaped cap member 10a extending in the
y-direction. The cap member 10a can be brought into
intimate contact with the ejection opening surface 8a of
the print head 8 to prevent ink from evaporating from the
ejection openings. The cap unit 10 also has the function
of collecting ink ejected to the cap member 10a for pre-
liminary ejection or the like and allowing a suction pump
(not shown) to suck the collected ink.
[0039] On the other hand, in the maintenance position
shown in FIG. 6B, the cap unit 10 has been moved ver-
tically downward and the wiping unit 17 has been drawn
from the maintenance unit 16. The wiping unit 17 com-
prises two wiper units: a blade wiper unit 171 and a vac-
uum wiper unit 172.
[0040] In the blade wiper unit 171, blade wipers 171a
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for wiping the ejection opening surface 8a in the x-direc-
tion are provided in the y-direction along the length of an
area where the ejection openings are arrayed. In the case
of performing wiping operation by the use of the blade
wiper unit 171, the wiping unit 17 moves the blade wiper
unit 171 in the x-direction while the print head 8 is posi-
tioned at a height at which the print head 8 can be in
contact with the blade wipers 171a. This movement en-
ables the blade wipers 171a to wipe ink and the like ad-
hering to the ejection opening surface 8a.
[0041] The entrance of the maintenance unit 16
through which the blade wipers 171a are housed is
equipped with a wet wiper cleaner 16a for removing ink
adhering to the blade wipers 171a and applying a wetting
liquid to the blade wipers 171a. The wet wiper cleaner
16a removes substances adhering to the blade wipers
171a and applies the wetting liquid to the blade wipers
171a each time the blade wipers 171a are inserted into
the maintenance unit 16. The wetting liquid is transferred
to the ejection opening surface 8a in the next wiping op-
eration for the ejection opening surface 8a, thereby fa-
cilitating sliding between the ejection opening surface 8a
and the blade wipers 171a.
[0042] The vacuum wiper unit 172 comprises a flat
plate 172a having an opening extending in the y-direc-
tion, a carriage 172b movable in the y-direction within
the opening, and a vacuum wiper 172c mounted on the
carriage 172b. The vacuum wiper 172c is provided to
wipe the ejection opening surface 8a in the y-direction
along with the movement of the carriage 172b. The tip
of the vacuum wiper 172c has a suction opening con-
nected to the suction pump (not shown). Accordingly, if
the carriage 172b is moved in the y-direction while oper-
ating the suction pump, ink and the like adhering to the
ejection opening surface 8a of the print head 8 are wiped
and gathered by the vacuum wiper 172c and sucked into
the suction opening. At this time, the flat plate 172a and
a dowel pin 172d provided at both ends of the opening
are used to align the ejection opening surface 8a with
the vacuum wiper 172c.
[0043] In the present embodiment, it is possible to carry
out a first wiping process in which the blade wiper unit
171 performs wiping operation and the vacuum wiper
unit 172 does not perform wiping operation and a second
wiping process in which both the wiper units sequentially
perform wiping operation. In the case of the first wiping
process, the print controller 202 first draws the wiping
unit 17 from the maintenance unit 16 while the print head
8 is evacuated vertically above the maintenance position
shown in FIG. 5. The print controller 202 moves the print
head 8 vertically downward to a position where the print
head 8 can be in contact with the blade wipers 171a and
then moves the wiping unit 17 into the maintenance unit
16. This movement enables the blade wipers 171a to
wipe ink and the like adhering to the ejection opening
surface 8a. That is, the blade wipers 171a wipe the ejec-
tion opening surface 8a when moving from a position
drawn from the maintenance unit 16 into the maintenance

unit 16.
[0044] After the blade wiper unit 171 is housed, the
print controller 202 moves the cap unit 10 vertically up-
ward and brings the cap member 10a into intimate con-
tact with the ejection opening surface 8a of the print head
8. In this state, the print controller 202 drives the print
head 8 to perform preliminary ejection and allows the
suction pump to suck ink collected in the cap member
10a.
[0045] In the case of the second wiping process, the
print controller 202 first slides the wiping unit 17 to draw
it from the maintenance unit 16 while the print head 8 is
evacuated vertically above the maintenance position
shown in FIG. 5. The print controller 202 moves the print
head 8 vertically downward to the position where the print
head 8 can be in contact with the blade wipers 171a and
then moves the wiping unit 17 into the maintenance unit
16. This movement enables the blade wipers 171a to
perform wiping operation for the ejection opening surface
8a. Next, the print controller 202 slides the wiping unit 17
to draw it from the maintenance unit 16 to a predeter-
mined position while the print head 8 is evacuated again
vertically above the maintenance position shown in FIG.
5. Then, the print controller 202 uses the flat plate 172a
and the dowel pins 172d to align the ejection opening
surface 8a with the vacuum wiper unit 172 while moving
the print head 8 down to a wiping position shown in FIG.
5. After that, the print controller 202 allows the vacuum
wiper unit 172 to perform the wiping operation described
above. After evacuating the print head 8 vertically upward
and housing the wiping unit 17, the print controller 202
allows the cap unit 10 to perform preliminary ejection into
the cap member 10a and suction operation of collected
ink in the same manner as the first wiping process.

(Ink Supply Unit)

[0046] FIG. 7 is a diagram including the ink supply unit
15 adopted in the inkjet printing apparatus 1 of the
present embodiment. A flow path configuration of an ink
circulation system of the present embodiment will be de-
scribed with reference to FIG. 7. The ink supply unit 15
supplies ink from the ink tank unit 14 to the print head 8.
Although FIG. 7 shows the configuration for an ink of one
color, such configurations are actually prepared for re-
spective ink colors. The ink supply unit 15 is basically
controlled by the ink supply control unit 209 shown in
FIG. 2. The configuration of the ink supply unit 15 will be
described below.
[0047] Ink is mainly circulated between a sub-tank 151
and the print head 8. In the print head 8, ink ejection
operation is performed based on image data and ink that
has not been ejected is collected to the sub-tank 151
again.
[0048] The sub-tank 151 storing a predetermined
amount of ink is connected to a supply flow path C2 for
supplying ink to the print head 8 and a collection flow
path C4 for collecting ink from the print head 8. That is,
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the sub-tank 151, the supply flow path C2, the print head
8, and the collection flow path C4 form a circulation path
to be a circulation flow path through which ink is circulat-
ed. The sub-tank 151 is also connected to a flow path
C0 through which air flows.
[0049] The sub-tank 151 is equipped with a liquid sur-
face detection unit 151 a comprising a plurality of elec-
trode pins. By detecting the presence/absence of conti-
nuity/current between these pins, the ink supply control
unit 209 can grasp the height of the ink liquid surface,
that is, the amount of ink remaining in the sub-tank 151.
A decompression pump P0 is a negative pressure source
for decompressing the inside of the sub-tank 151. An air
release valve V0 is a valve for switching communication
and non-communication between air and the inside of
the sub-tank 151.
[0050] A main tank 141 is a tank storing ink to be sup-
plied to the sub-tank 151. The main tank 141 is attachable
to and detachable from the printing apparatus body. In
the midstream of a tank connection flow path C1 con-
necting the sub-tank 151 to the main tank 141, there is
provided a tank supply valve V1 for switching the con-
nection between the sub-tank 151 and the main tank 141.
[0051] In a case where the liquid surface detection unit
151a detects that the amount of ink in the sub-tank 151
becomes less than a predetermined amount, the ink sup-
ply control unit 209 closes the air release valve V0, a
supply valve V2, a collection valve V4, and a head re-
placement valve V5 and opens the tank supply valve V1.
In this state, the ink supply control unit 209 activates the
decompression pump P0. This makes the pressure in-
side the sub-tank 151 negative, whereby ink is supplied
from the main tank 141 to the sub-tank 151. In a case
where the liquid surface detection unit 151a detects that
the amount of ink inside the sub-tank 151 exceeds the
predetermined amount, the ink supply control unit 209
closes the tank supply valve V1 and stops the decom-
pression pump P0.
[0052] The supply flow path C2 is a flow path for sup-
plying ink from the sub-tank 151 to the print head 8. In
the midstream of the supply flow path C2, a supply pump
P1 and the supply valve V2 are provided. During print
operation, ink can be circulated through the circulation
path while being supplied to the print head 8 by driving
the supply pump P1 with the supply valve V2 open. The
amount of ink ejected by the print head 8 per unit time
varies according to image data. The flow rate of the sup-
ply pump P1 is determined so as to deal with the case
where the print head 8 performs such ejection operation
that the ink consumption per unit time becomes maxi-
mum.
[0053] A relief flow path C3 is a flow path formed up-
stream of the supply valve V2 for connecting the up-
stream side and downstream side of the supply pump
P1. In the midstream of the relief flow path C3, there is
provided a relief valve V3 that is a differential pressure
valve. The relief valve is not opened/closed by a driving
mechanism but is biased by a spring so as to open in the

case of reaching a predetermined pressure. For exam-
ple, it is assumed that the amount of ink supplied from
the supply pump P1 to an IN flow path 80b per unit time
is greater than the sum total of the amount of ejection of
the print head 8 per unit time and the amount of ink flowing
from a collection pump P2 to the collection flow path C4
per unit time. In this case, the relief valve V3 opens in
response to the pressure acting on itself. This forms a
cyclic flow path composed of part of the supply flow path
C2 and the relief flow path C3. Providing the relief flow
path C3 makes it possible to adjust the amount of ink
supplied to the print head 8 according to the ink con-
sumption in the print head 8 and stabilize the pressure
inside the circulation flow path regardless of image data.
[0054] The collection flow path C4 is a flow path for
collecting ink from the print head 8 to the sub-tank 151.
In the midstream of the collection flow path C4, the col-
lection pump P2 and the collection valve V4 are provided.
In the case of circulating ink through the circulation path,
the collection pump P2 serves as a negative pressure
source to suck ink from the print head 8. Driving the col-
lection pump P2 generates a suitable pressure difference
between the IN flow path 80b and an OUT flow path 80c
in the print head 8, thereby circulating ink between the
IN flow path 80b and the OUT flow path 80c.
[0055] The collection valve V4 also serves as a valve
for preventing backflow in a case where print operation
is not performed, that is, ink is not circulated through the
circulation path. In the circulation path of the present em-
bodiment, the sub-tank 151 is located above the print
head 8 in the vertical direction (see FIG. 1). Accordingly,
in a case where the supply pump P1 or the collection
pump P2 is not driven, there is a possibility that ink flows
backward from the sub-tank 151 to the print head 8 due
to a water head difference between the sub-tank 151 and
the print head 8. To prevent such backflow, the collection
flow path C4 is provided with the collection valve V4 in
the present embodiment.
[0056] Incidentally, the supply valve V2 also serves as
a valve for preventing ink supply from the sub-tank 151
to the print head 8 in a case where print operation is not
performed, that is, ink is not circulated through the circu-
lation path.
[0057] A head replacement flow path C5 is a flow path
for connecting the supply flow path C2 to an air chamber
(space not storing ink) of the sub-tank 151. In the mid-
stream of the head replacement flow path C5, the head
replacement valve V5 is provided. One end of the head
replacement flow path C5 is connected to the supply flow
path C2 upstream of the print head 8 and downstream
of the supply valve V2. The other end of the head re-
placement flow path C5 is connected to the upper side
of the sub-tank 151 to communicate with the air chamber
inside the sub-tank 151. The head replacement flow path
C5 is used to pull ink out of the print head 8 in use, for
example, in the case of replacing the print head 8 or trans-
porting the printing apparatus 1. The head replacement
valve V5 is controlled by the ink supply control unit 209
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so as to be closed except in the cases of filling the print
head 8 with ink and collecting ink from the print head 8.
[0058] Next, the flow path configuration inside the print
head 8 will be described. Ink supplied from the supply
flow path C2 to the print head 8 passes through a filter
83 and is then supplied to a first negative pressure control
unit 81 and a second negative pressure control unit 82.
The control pressure of the first negative pressure control
unit 81 is set to a weak negative pressure (negative pres-
sure with a small difference with atmospheric pressure),
for example, -90 mmAq. The control pressure of the sec-
ond negative pressure control unit 82 is set to a strong
negative pressure (negative pressure with a large differ-
ence with atmospheric pressure), for example, -180
mmAq. The pressures in the first negative pressure con-
trol unit 81 and the second negative pressure control unit
82 are generated within a suitable range by driving the
collection pump P2.
[0059] An ink ejection unit 80 has a plurality of printing
element substrates 80a, in each of which a plurality of
ejection openings are arrayed to form an elongated ejec-
tion opening array. A common supply flow path 80b (IN
flow path) for guiding ink supplied from the first negative
pressure control unit 81 and a common collection flow
path 80c (OUT flow path) for guiding ink supplied from
the second negative pressure control unit 82 extend in
the array direction of the printing element substrates 80a.
Each printing element substrate 80a is equipped with an
individual supply flow path connected to the common
supply flow path 80b and an individual collection flow
path connected to the common collection flow path 80c.
Accordingly, in each printing element substrate 80a, an
ink flow is produced such that ink flows from the common
supply flow path 80b with relatively weak negative pres-
sure to the common collection flow path 80c with rela-
tively strong negative pressure. A pressure chamber
communicating with each ejection opening and filled with
ink is provided in a path between the individual supply
flow path and the individual collection flow path, and an
ink flow is produced also in an ejection opening and pres-
sure chamber not performing printing. In a case where
ejection operation is performed in the printing element
substrate 80a, ink moving from the common supply flow
path 80b to the common collection flow path 80c is partly
consumed by being ejected from the ejection opening.
Ink that has not been ejected moves to the collection flow
path C4 through the common collection flow path 80c.
[0060] FIG. 8A is an enlarged schematic plan view
showing part of the printing element substrate 80a. FIG.
8B is a schematic cross-sectional view along section line
VIIIB-VIIIB in FIG. 8A. The printing element substrate
80a is provided with pressure chambers 85 filled with ink
and ejection openings 86 for ejecting ink. In each pres-
sure chamber 85, a printing element 84 is provided in a
position facing the ejection opening 86. The printing el-
ement substrate 80a is also provided with a plurality of
individual supply flow paths 88 connected to the common
supply flow path 80b and a plurality of individual collection

flow path 89 connected to the common collection flow
path 80c for the respective ejection openings 86.
[0061] The configuration described above produces
such a flow that ink flows from the common supply flow
path 80b with relatively weak negative pressure to the
common collection flow path 80c with relatively strong
negative pressure in the printing element substrate 80a.
More specifically, ink flows in the order of the common
supply flow path 80b, the individual supply flow path 88,
the pressure chamber 85, the individual collection flow
path 89, and the common collection flow path 80c. In a
case where ink is ejected by the printing element 84, ink
moving from the common supply flow path 80b to the
common collection flow path 80c is partly discharged to
the outside of the print head 8 by being ejected from the
ejection opening 86. On the other hand, ink that has not
been ejected from the ejection opening 86 is collected to
the collection flow path C4 through the common collec-
tion flow path 80c.
[0062] In the case of performing print operation with
the configuration described above, the ink supply control
unit 209 closes the tank supply valve V1 and the head
replacement valve V5, opens the air release valve V0,
the supply valve V2, and the collection valve V4, and
drives the supply pump P1 and the collection pump P2.
This establishes a circulation path in the order of the sub-
tank 151, the supply flow path C2, the print head 8, the
collection flow path C4, and the sub-tank 151. In a case
where the amount of ink supplied from the supply pump
P1 per unit time is greater than the sum total of the amount
of ejection of the print head 8 per unit time and the amount
of ink flowing through the collection pump P2 per unit
time, ink flows from the supply flow path C2 into the relief
flow path C3. This adjusts the amount of ink flowing from
the supply flow path C2 into the print head 8.
[0063] In a case where print operation is not performed,
the ink supply control unit 209 stops the supply pump P1
and the collection pump P2 and closes the air release
valve V0, the supply valve V2, and the collection valve
V4. This stops the ink flow in the print head 8 and prevents
backflow caused by a water head difference between the
sub-tank 151 and the print head 8. In addition, ink leakage
and evaporation from the sub-tank 151 are suppressed
by closing the air release valve V0.
[0064] In the case of collecting ink from the print head
8, the ink supply control unit 209 closes the air release
valve V0, the tank supply valve V1, the supply valve V2,
and the collection valve V4, opens the head replacement
valve V5, and drives the decompression pump P0. This
makes the pressure inside the sub-tank 151 negative,
whereby ink is collected from the print head 8 to the sub-
tank 151 through the head replacement flow path C5. In
this manner, the head replacement valve V5 is closed
during normal print operation and standby and is open
in the case of collecting ink from the print head 8. It should
be noted that the head replacement valve V5 is open
also in the case of filling the head replacement flow path
C5 with ink along with the filling of the print head 8.
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[0065] In the circulation flow path of the present em-
bodiment, ink flows through a flow path passing through
the pressure chamber 85. However, the flow path does
not necessarily pass through the pressure chamber 85.
For example, ink may flow from the supply flow path 80b
to the collection flow path 80c.

(Detection Process of Ink Ejection State)

[0066] In the present embodiment, an ink ejection state
is detected by using a temperature detection element 91
provided in the printing element substrate 80a of the print
head 8.
[0067] FIG. 9A is a diagram showing the printing ele-
ment 84 and the temperature detection element 91 pro-
vided corresponding to the ejection opening 86 in the
printing element substrate 80a. FIG. 9B is a cross-sec-
tional view along line IXB-IXB in FIG. 9A. FIG. 9C is a
cross-sectional view along line IXC-IXC in FIG. 9A. The
printing element 84 is an ejection energy generation el-
ement configured to generate ejection energy for ink
ejection. The printing element 84 in this embodiment is
an electrothermal transducing element (heating resist-
ance element) formed of a tantalum silicon nitride film or
the like and is connected to wiring 93 of the printing ele-
ment substrate 80a via a conductive plug 92 formed of
tungsten or the like. A drive pulse is applied to the printing
element 84, thereby generating heat and foaming ink in-
side the pressure chamber 85. The foaming energy is
used to eject ink from the pressure chamber 85 through
the ejection opening 86. The temperature detection ele-
ment 91 in this embodiment is a thin film resistor formed
of titanium, titanium nitride laminated film and the like
and is connected to the wiring 93 via a conductive plug
98 formed of tungsten or the like. The printing element
substrate 80a is provided with an interlayer insulating film
94, a protective film 95, and a cavitation resistant film 96.
The printing element substrate 80a is provided with an
ejection opening forming member 97 for forming the ejec-
tion openings 86.
[0068] The temperature of the printing element 84
mounted on the printing element substrate 80a is detect-
ed by using the print controller 202, the head I/F 206
connected to the print head 8, and the RAM 204. The
head I/F 206 comprises a signal generation unit config-
ured to generate various signals to be transmitted to the
printing element substrate 80a and a determination result
extraction unit configured to input a determination result
signal RSLT output from the printing element substrate
80a based on temperature information detected by the
temperature detection element 91. In a case where the
print controller 202 issues an instruction to the signal gen-
eration unit for temperature detection, the signal gener-
ation unit outputs a signal to the printing element sub-
strate 80a. The signal includes a clock signal CLK, a latch
signal LT, a block signal BLE, a print data signal DATA,
a heat enable signal HE, and an ejection inspection
threshold signal Ddth. The ejection inspection threshold

signal Ddth can set thresholds for printing element
groups obtained by dividing a plurality of printing ele-
ments mounted on the print head 8 into a plurality of
groups each including a plurality of printing elements po-
sitioned close to each other, and the set values can be
changed in a cycle of one column. The configuration ca-
pable of setting an ejection inspection threshold voltage
(Th) for each group will be described.
[0069] FIG. 10 is a diagram showing a temperature
detected by the temperature detection element 91 in the
case of applying a drive pulse P to the printing element
84. The drive pulse P shown in section (a) of FIG. 10 is
applied, whereby the printing element 84 generates heat
and the foaming energy of ink ejects ink from the ejection
opening 86. The temperature detected by the tempera-
ture detection element 91 changes as shown by solid
curve La in section (b) of FIG. 10 in a case where ink is
normally ejected, and changes as shown by dashed
curve Lb in section (b) of FIG. 10 in a case where an ink
ejection failure occurs. In a case where ink is normally
ejected, some of ink droplets ejected from the ejection
opening 86 fall on the upper part of the printing element
84 and cool the printing element 84. As a result, the tem-
perature near the printing element 84 rapidly declines as
shown by curve La, whereby the temperature detected
by the temperature detection element 91 also rapidly de-
clines. On the other hand, in a case where an ink ejection
failure occurs, since such cooling by a fall of some of ink
droplets does not occur, the temperature detected by the
temperature detection element 91 gradually declines as
shown by curve Lb.
[0070] Section (c) of FIG. 10 is a graph showing tem-
perature change values obtained by differentiation of the
temperature changes shown by curves La and Lb, com-
paring the temperature change values at a timing set by
the detection timing signal S shown in section (a) of FIG.
10 with a predetermined threshold Th. In section (c) of
FIG. 10, the temperature change value shown by solid
curve LA is a derivative value of curve La and the tem-
perature change value shown by dashed curve LB is a
derivative value of curve Lb. At the timing set by the de-
tection timing signal S, the temperature change value
shown by curve LA exceeds the threshold Th and the
temperature change value shown by curve LB does not
exceed the threshold Th. In the case of exceeding the
threshold Th like curve LA, the excess over the threshold
is expressed by the determination result signal RSLT
from the printing element substrate 80a. The signal is
input to the determination result extraction unit and stored
in the RAM 204. As described above, the ink ejection
state can be detected based on whether a derivative val-
ue of the temperature detected by the temperature de-
tection element 91 exceeds the threshold Th.
[0071] The ink ejection state can be detected also by
the following method: while ejecting ink from all the ejec-
tion openings of the print head 8, flying ink immediately
after ejection is optically scanned by an apparatus con-
figured to optically detect ejected ink. This method uses

15 16 



EP 3 632 687 A1

10

5

10

15

20

25

30

35

40

45

50

55

an optical scan unit comprising a light emitter and a light
receiver. The optical scan unit carries out a scan such
that a light axis formed between the light emitter and the
light receiver passes through a flying path of ejected ink.
In a case where ink is ejected, light from the light emitter
is cut off and the amount of light received by the light
receiver decreases. Detecting this phenomenon of the
light receiving amount enables detection of the ink ejec-
tion state.

(Ink Circulation Process)

[0072] As described above, in the present embodi-
ment, ink is circulated through the pressure chamber of
the print head 8. This ink circulation can recover the ink
ejection state in the print head 8. For example, the ink
ejection state can be recovered to a normal state in a
case where an ink ejection failure occurs due to ink thick-
ening near an ejection opening caused by moisture evap-
oration from ink. Accordingly, circulation operation for cir-
culating ink is a kind of recovery operation for maintaining
a good ink ejection state in the print head 8.
[0073] FIG. 11A and FIG. 11B are flowcharts showing
an ink circulation process performed as a recovery proc-
ess, in which ink circulation operation and detection op-
eration in an ink ejection state detection process are si-
multaneously performed. This can reduce total time re-
quired for the recovery process and the detection proc-
ess.
[0074] The circulation process is performed upon pow-
er-on of the printing apparatus or input of a print instruc-
tion. In the present embodiment, the circulation process
is performed upon input of a print instruction. In a case
where a print job is input from the host apparatus 400 to
the main controller 101 or a print instruction is input from
the operation panel 104 to the main controller 101, the
main controller 101 instructs the print controller 202 to
perform the circulation process. Upon receipt of the in-
struction, the print controller 202 controls the print head
8 via the ink supply control unit 209 and the head I/F 206
to perform the circulation process. In addition to the
above, the method of the embodiment described below
is applicable to a circulation process in the case of per-
forming the circulation process regularly at predeter-
mined timings, or in the case of error occurrence or a
maintenance instruction from a user.
[0075] In the examples shown by FIG. 11A and FIG.
11B, the detection result of the ink ejection state detection
process described above is used to determine the timing
of finishing the circulation process. The ink circulation
processes in FIG. 11A and FIG. 11B are performed under
control of the main controller 101 of the controller unit
100 or the print controller 202 of the print engine unit 200.
In a case where the main controller 101 receives the print
instruction, the print controller 202 of the print engine unit
200 determines to perform either of the circulation proc-
esses (1) and (2) described below as a preparation to
printing, thereby determining to start the ink circulation

operation. Along with the execution of the circulation op-
eration, it is also determined to perform the detection
process accompanied by ink ejection operation to be de-
scribed later. "S" in FIG. 11A and FIG. 11B indicates a
step in the process.
[0076] In the ink circulation process (1) in FIG. 11A,
the ink circulation operation is first started (S1) and the
detection processing accompanied by ink ejection oper-
ation described above is then performed (S2). Based on
the detection result, it is determined whether the ink ejec-
tion state in the print head is good as will be described
later (S3). The detection process is temporarily finished
in this determination, but the process returns to S2 in a
case where the state is not determined to be good. Al-
though the details of the determination will be described
later, the basic idea is as follows: for example, the ejection
state is determined to be good in a case where the
number of inoperative ejection openings is equal to or
less than a first number defined by a predetermined con-
dition, and the ejection state is determined to be not good
in a case where the number of inoperative ejection open-
ings is greater than the first number. The ink circulation
operation is continued until the ink ejection state in the
print head is determined to be good by the determination
performed multiple times along with the repetition of the
detection process. In a case where the ink ejection state
in the print head is determined to be good, the ink circu-
lation operation is finished (S4) and the ink circulation
process (1) is finished.
[0077] Like the circulation process (1), the ink circula-
tion process (2) of FIG. 11B determines whether the ink
ejection state is good, as will be described later, based
on the detection result of the ink ejection state detection
process in the print head (S3). The ink circulation oper-
ation is continued until the ink ejection state in the print
head is determined to be good. In a case where the ejec-
tion state is determined to be good, it is determined
whether there is the next operation accompanied by ink
circulation (S5). If there is no next operation accompa-
nied by ink circulation, the ink circulation operation is fin-
ished (S4) and the ink circulation process (2) is finished.
If there is the next operation accompanied by ink circu-
lation, the process of FIG. 11B is finished to transition to
a process for performing the next operation accompanied
by ink circulation. At this time, ink circulation is continued.
In this embodiment, the next operation accompanied by
ink circulation includes print operation. That is, the ink
ejection state detection process is performed simultane-
ously with ink circulation performed at the run-up to the
print operation, for example, at the preparation stage of
the print operation, and transitions to the print operation
while continuing the ink circulation.

(Determination Method of Ink Ejection State in Print 
Head)

[0078] As a method of determining whether the ink
ejection state of the print head is good in S3 of FIG. 11A
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and FIG. 11B, for example, the first, second, and third
determination methods described below can be used.

(First Determination Method)

[0079] The first determination method determines
whether the ink ejection state in the entire print head 8
is good based on the number of ejection openings where
an ink ejection failure has occurred. For example, it is
assumed that the print head 8 comprises 15 chips cor-
responding to the printing element substrates 80a in se-
ries, each chip comprising nozzles capable of ejecting
inks of five colors, 1,024 nozzles for each ink color. The
inks of five colors are black inks (K1, K2), a cyan ink (C),
a magenta ink (M), and a yellow ink (Y). Each nozzle
includes the printing element 84, the pressure chamber
85, the ejection opening 86 and the like. The total number
of nozzles in this print head is 76,800 (531,024315).
[0080] As shown in FIG. 12A, a threshold of the number
of nozzles where an ink ejection failure has occurred (in-
operative nozzles) is set for each ink color. The number
of detected inoperative nozzles is compared with the cor-
responding threshold for each ink color. In a case where
the numbers of detected inoperative nozzles for all the
ink colors are equal to or less than the corresponding
thresholds, the entire print head is determined to be in a
good ejection state. In a case where the number of de-
tected inoperative nozzles for at least one ink color ex-
ceeds the corresponding threshold, the ejection state of
the entire print head is determined to be not good. Since
the black inks are conspicuous on the occurrence of a
nozzle ejection failure, the threshold for the black inks is
set at a relatively small value. Since the yellow ink is
inconspicuous on the occurrence of a nozzle ejection fail-
ure, the threshold for the yellow ink is set at a relatively
large value.
[0081] In addition to the thresholds for the respective
ink colors, a threshold for all the ink colors is set. Even
though the numbers are less than the thresholds for the
respective ink colors, the ejection state is determined to
be not good in a case where the total number of inoper-
ative nozzles for all the ink colors exceeds the threshold.
[0082] As shown in FIG. 12B, the ratio of the number
of inoperative nozzles for each ink color to the total
number of nozzles may be set as a threshold. In this
case, the entire print head is determined to be in a good
ejection state in a case where all the ratios of the numbers
of detected inoperative nozzles for the respective ink
colors are equal to or less than the corresponding thresh-
olds. The ejection state of the entire print head is deter-
mined to be not good in a case where the ratio of the
number of detected inoperative nozzles for at least one
or all of the ink colors exceeds the corresponding thresh-
old.

(Second Determination Method)

[0083] The second determination method determines

whether the ink ejection state of the entire print head 8
is normal based on the number of inoperative nozzles on
each chip in the print head 8. Like the first determination
method described above, it is assumed that the print head
8 comprises 15 chips corresponding to the printing ele-
ment substrates 80a in series, each chip comprising noz-
zles capable of ejecting inks of five colors, 1,024 nozzles
for each ink color.
[0084] As shown in FIG. 13A, a threshold of the total
number of inoperative nozzles for the inks of five colors
is set for each of the 15 chips from the 0-th to 14-th chips.
The total number of detected inoperative nozzles for the
inks of five colors is compared with the corresponding
threshold for each chip. In a case where all the total num-
bers of detected inoperative nozzles are equal to or less
than the corresponding thresholds in all the chips, the
entire print head is determined to be in a good ejection
state. In a case where the total number of detected in-
operative nozzles exceeds the corresponding threshold
in at least one chip, the ejection state of the entire print
head is determined to be not good. Since a change in a
printed image is conspicuous on the occurrence of a noz-
zle ejection failure on chips located in the center, a thresh-
old for chips located in the center is set at a relatively
small value. Since a change in a printed image is incon-
spicuous on the occurrence of a nozzle ejection failure
on chips located on both sides, a threshold for chips lo-
cated on both sides is set at a relatively large value.
[0085] As shown in FIG. 13B, a threshold may be set
for each ink color in each chip. In a case where all the
numbers of detected inoperative nozzles for the respec-
tive ink colors are equal to or less than the corresponding
thresholds for the respective ink colors in all the chips,
the entire print head is determined to be in a good ejection
state. In a case where at least one of the numbers of
detected inoperative nozzles for the respective ink colors
exceeds the corresponding threshold in at least one chip,
the ejection state of the entire print head is determined
to be not good.

(Third Determination Method)

[0086] The third determination method determines
whether the ink ejection state of the entire print head 8
is normal based on the number of inoperative nozzles
newly detected excluding nozzles prestored as inopera-
tive nozzles.
[0087] A main factor of occurrence of an ink ejection
failure state recoverable by the ink circulation operation
is sticking of thickened ink to the ejection opening or the
like. However, there is a possibility that a nozzle deter-
mined to be an inoperative nozzle in the previous detec-
tion process (inoperative determination nozzle) cannot
be recovered by the ink circulation operation because of
factors such as a nozzle failure and clogging of an ejec-
tion opening caused by foreign matter such as dust. In
the third determination method, the unrecoverable inop-
erative determination nozzle is prestored and excluded
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from the target of determination whether the ink ejection
state of the entire print head is good. This can reduce
the time required for the ink circulation process during
which printing cannot be performed by the printing ap-
paratus. The controller unit 100 or the print engine unit
200 has the function for storing the inoperative determi-
nation nozzle unrecoverable by the ink circulation oper-
ation in the ROM 107.
[0088] FIG. 14 is a table showing a specific example
of the third determination method, where the number of
nozzles for each ink color is ten (nozzle numbers 0 to 9)
for the sake of convenience. The threshold for each ink
color is set at 15%, which is the ratio of the number of
inoperative nozzles to the total number of nozzles. Noz-
zles for the black ink K1 include one inoperative deter-
mination nozzle, and two inoperative nozzles including
the inoperative determination nozzle are currently detect-
ed. Accordingly, the number of determination target noz-
zles is "9" obtained by subtracting "1," the number of
inoperative determination nozzles from "10" the total
number of nozzles. The number of detected inoperative
nozzles is "1". As a result, the ratio of inoperative nozzles
is 11%, which is less than the threshold 15%. According-
ly, the ink ejection state is determined to be good "OK"
for the nozzles for the black ink K1.
[0089] Nozzles for the black ink K2 includes one inop-
erative determination nozzle, and two inoperative noz-
zles not including the inoperative determination nozzle
are currently detected. Accordingly, the number of deter-
mination target nozzles is "9" and the number of detected
inoperative nozzles is "2", As a result, the ratio of inop-
erative nozzles is 22%, which exceeds the threshold
15%. Accordingly, the ink ejection state is determined to
be not good "NG" for the nozzles for the black ink K2.
The ink ejection state is determined to be good "OK" for
the nozzles for the inks C, M, and Y.
[0090] In the case of FIG. 14, since the ink ejection
state for the nozzles for the black ink K2 is determined
to be not good "NG", the ink ejection state of the entire
print head is determined to be not good.

(Second Embodiment)

[0091] In the present embodiment, the ink circulation
process is performed after bringing the atmosphere
around the ejection openings of the print head 8 into a
wet state.
[0092] FIG. 15 is a flowchart showing the ink circulation
process in the present embodiment. The same steps as
those in FIG. 11 described above are assigned with the
same reference numerals and the description is omitted.
In the present embodiment, before the start of the ink
circulation process (S1), preliminary ejection is per-
formed for bringing the inside of the cap member 10a
capable of intimately contacting the ejection opening sur-
face 8a of the print head 8 and the atmosphere around
the ejection openings of the print head 8 into a wet state
(S10). That is, ink is ejected into the cap member 10a of

the cap unit 10, the inside of the cap member 10a is
moisturized, and the cap member 10a is brought into
intimate contact with the ejection opening surface 8a of
the print head 8 (capped). In this manner, the atmosphere
around the ejection openings is moisturized by using the
cap member 10a capable of capping, thereby facilitating
resolution of sticking of thickened ink in the ejection open-
ings and the like. As a result, it is possible to increase
the recovery effect of the ejection state of the print head
by the ink circulation operation.
[0093] In the preliminary ejection for moisturizing
(S10), it is preferable to eject the color inks (C, M, Y)
relatively less prone to stick than the black inks (K). This
is to reduce the possibility of an ejection failure of ink for
moisturizing caused by an ink prone to stick. The ink cir-
culation process in FIG. 15 can be performed with the
cap member 10a in intimate contact with the ejection
opening surface 8a of the print head 8 (cap close state).
Accordingly, ink can be supplied to an airtight space in
the cap member 10a in the cap close state by the pre-
liminary ejection for moisturizing and the effect of mois-
turizing the atmosphere around the ejection openings
can be improved. It is also possible to supply ink into the
cap member 10a by the preliminary ejection for moistur-
izing with the cap member 10a separated from the ejec-
tion opening surface 8a of the print head 8 (cap open
state) and perform the ink circulation process in FIG. 15
in the cap open state. In this case, in a case where ink
is ejected in the preliminary ejection for moisturizing
(S10) and the detection process (S2), the possibility that
the ink bounces off the inside of the cap member 10a
and adheres to the ejection opening surface 8a can be
reduced. Even in the cap open state, the preliminary ejec-
tion for moisturizing has the atmosphere moisturizing ef-
fect on up to the peripheral space including space above
the cap. The cap close state may be brought about after
the preliminary ejection for moisturizing.

(Third Embodiment)

[0094] In the present embodiment, a timing for per-
forming the ink ejection state detection process is set.
[0095] FIG. 16 is a flowchart showing an ink circulation
process in the present embodiment. The same steps as
those in FIG. 11 described above are assigned with the
same reference numerals and the description is omitted.
In the present embodiment, in a case where the ink ejec-
tion state detection process (S2) determines that the ink
ejection state is not good, the process transitions from
S3 to S20 to determine whether a time elapsed from the
execution of the detection process (S2) is equal to or
greater than a predetermined time T1. In a case where
the elapsed time is equal to or greater than the time T1,
the detection process (S2) is performed again. The time
T1 can be set according to various conditions. For ex-
ample, in a case where it is necessary to immediately
perform the next operation of the ink circulation process
of FIG. 16, the time T1 is set relatively short. This makes
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it possible to perform the next operation quickly after the
completion of recovery by repeating the detection proc-
ess (S2) accompanied by ink ejection within a short time
and detecting the recovery condition of the ink ejection
state frequently. In a case where it is assumed that the
degree of sticking of thickened ink around the ejection
openings or the like is low and the amount of ink adhering
to the ejection opening surface 8a is small, the time T1
is set relatively short. On the other hand, in a case where
it is assumed that the degree of sticking of thickened ink
around the ejection openings or the like is high and the
amount of ink adhering to the ejection opening surface
8a is large, the time T1 is set relatively long. This can
suppress the consumption of ink ejected during the de-
tection process (S2) and the power consumption during
the detection process (S2).

(Fourth Embodiment)

[0096] In the present embodiment, the timing of per-
forming the ink ejection state detection process is set
based on the start time of the ink circulation process.
[0097] FIG. 17 is a flowchart showing an ink circulation
process in the present embodiment. The same steps as
those in FIG. 11A and FIG. 11B described above are
assigned with the same reference numerals and the de-
scription is omitted. In the present embodiment, in a case
where the ink ejection state detection process (S2) de-
termines that the ink ejection state is not good, the proc-
ess transitions from S3 to S30 to determine whether a
time elapsed from the start of the ink circulation operation
(S1) is equal to or greater than a predetermined time T2.
In a case where the elapsed time is less than the time
T2, the detection process (S2) is performed again. In a
case where the elapsed time is equal to or greater than
the time T2, the circulation process of FIG. 17 is finished.
That is, in a case where the ink ejection state is not de-
termined to be good within a predetermined time, the
circulation process of FIG. 17 is finished. In this manner,
by setting the upper limit of the time for the ink circulation
process, the circulation process of FIG. 17 can be fin-
ished even in the case of an inoperative nozzle unrecov-
erable by the ink circulation operation due to, for example,
a heater failure.

(Fifth Embodiment)

[0098] In the present embodiment, the ink ejection
state detection process is repeated a predetermined
number of times even in a case where the ink ejection
state is determined to be good.
[0099] FIG. 18 is a flowchart showing an ink circulation
process in the present embodiment. The same steps as
those in FIG. 11A and FIG. 11B described above are
assigned with the same reference numerals and the de-
scription is omitted. In the present embodiment, in a case
where the ink ejection state detection process (S2) de-
termines that the ink ejection state is good, the process

transitions from S3 to S41 to add "1" to a count value C.
The count value C is reset to "0" before the execution of
the detection process (S2). The count value C is com-
pared with a predetermined threshold Cth (S42), the de-
tection process (S2) is repeated until the count value C
reaches the threshold Nth, and the circulation process in
FIG. 17 is finished in a case where the count value C
reaches the threshold Nth.
[0100] For example, even in a case where thickened
ink around the ejection openings cannot completely be
removed by the ink circulation operation, ink may be
ejected and the detection process may determine that
the ink ejection state is good. In this case, there is a pos-
sibility that the ink ejection state becomes not good even
by a slight progression of ink thickening until the next
print operation. In the present embodiment, even in a
case where the ink ejection state is determined to be
good, the ink ejection state detection process is repeated
a predetermined number of times or more, thereby re-
covering the ink ejection state more reliably.

(Sixth Embodiment)

[0101] In the present embodiment, the ink ejection
state detection process is performed only for a specific
ink.
[0102] FIG. 19A is a flowchart showing an ink circula-
tion process in the present embodiment. First, the circu-
lation operation for circulating the inks of all colors is start-
ed (S51) and the above-described detection process ac-
companied by ink ejection operation is then performed
only for the black inks (S52). Based on the detection re-
sult, it is determined whether the black ink ejection state
is good (S53). For example, in a case where the ratio of
the number of inoperative nozzles to the total number of
nozzles for the black inks is equal to or less than 0.4%,
the ink ejection state of the entire print head is determined
to be good. In this manner, the ink circulation operation
for all colors is continued until the black ink ejection state
is determined to be good. In a case where the black ink
ejection state is determined to be good, the ink circulation
operation for all colors is finished (S54).
[0103] FIG. 19B is a graph showing an example of the
progression of the number of inoperative nozzles for each
ink color in execution of the ink circulation process. As
is clear from the graph, since the black inks (K1, K2) are
prone to be thickened when exposed to air as compared
with the color inks (C, M, Y), a time required for recovering
inoperative nozzles for the black inks to a good ejection
state is often longer than that for the color inks. Accord-
ingly, there is a high probability that inoperative nozzles
for the color inks are brought into a good ejection state
by performing the ink circulation operation until inopera-
tive nozzles for the black inks are determined to be in a
good ejection state. From this viewpoint, in the present
embodiment, the target of the circulation operation is the
inks of all colors and the target of the ejection state de-
tection process is only the black inks. This can suppress

23 24 



EP 3 632 687 A1

14

5

10

15

20

25

30

35

40

45

50

55

the amount of ink ejection and the power consumption
during the ejection state detection process. In this man-
ner, among a plurality of inks having different thickening
properties, an ink having a relatively high thickening prop-
erty and prone to stick such as a black ink is determined
to be a target of the ejection state detection process.
[0104] Alternatively, the target of the circulation oper-
ation may be all nozzles in the print head and the target
of the ejection state detection process may be only a
specific nozzle. In other words, the target of the ejection
state detection process may be specified in a unit of a
nozzle. As the target of the detection process, it is pref-
erable to select a nozzle where ink sticking easily
progresses. In a case where the degree of progress of
ink sticking is substantially equal in all nozzles of the print
head, the target of the detection process is not neces-
sarily all nozzles but may be limited to some represent-
ative nozzles out of all nozzles. In this manner, by limiting
the nozzles to be a target of the detection process, it is
possible to suppress the amount of ink ejection and pow-
er consumption during the ejection state detection proc-
ess.
[0105] The target of the circulation operation is the inks
of all colors in the present embodiment. However, for
example, in a case where the circulation operation for
each ink color can be individually controlled, the ink cir-
culation operation shown in FIG. 19A may be individually
performed for each ink color.

(Other Embodiments)

[0106] In a case where a time of print operation ex-
ceeds a predetermined time (for example, 25 seconds),
the ink circulation process in each of the embodiments
described above may be performed before the next print
operation. Alternatively, a mechanism for detecting or
predicting a temperature of the print head during print
operation may be provided such that in a case where the
temperature of the print head during the print operation
exceeds a predetermined temperature (for example,
45°C), the ink circulation process in each of the embod-
iments described above is performed before the next
print operation. This is because an increase in head tem-
perature and heat storage during print operation make
moisture evaporation from nozzles more easily than usu-
al even after the completion of the print operation and an
ejection failure is likely to occur.
[0107] Alternatively, in a case where a power off time
of the printing apparatus exceeds a predetermined time
(for example, 64 hours), the ink circulation process in
each of the embodiments described above may be per-
formed before the next power-on. Alternatively, in a case
where a non-circulation time during which ink is not cir-
culated exceeds a predetermined time, the ink circulation
process in each of the embodiments described above
may be performed before the next print operation.
[0108] The present invention can also be realized by
processing of supplying a program realizing one or more

functions of the above-described embodiments to a sys-
tem or apparatus via a network or storage medium and
reading out and performing the program by one or more
processors of a computer in the system or apparatus,
and can also be realized by a circuit (such as ASIC) re-
alizing one or more functions.
[0109] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments.

Claims

1. An inkjet printing apparatus (1) comprising:

a print head (8) comprising at least one ejection
opening (86) and configured to print an image
by ejecting ink from the ejection opening (86);
an ink tank (151) configured to store ink to be
supplied to the print head (8); and
a detection unit (91) configured to perform de-
tection of an ink ejection state of the ejection
opening (86),
a circulation means (PI, P2) configured to circu-
late ink between the print head (8) and the ink
tank (151) through a circulation flow path (C2,
C4); and
a control unit (101, 202) configured to cause the
circulation means (PI, P2) to circulate ink and to
cause the detection unit (91) to perform said de-
tection operation in response to the start of ink
circulation using the circulation means (P1, P2),

so as to simultaneously circulate ink, via the circu-
lation means (P1, P2), and perform said detection
operation by the detection unit (91).

2. An inkjet printing apparatus (1) comprising:

a print head (8) comprising at least one ejection
opening (86), a printing element configured to
generate energy for ejecting ink from the ejec-
tion opening (86), and a pressure chamber (85)
supplied with ink to be ejected from the ejection
opening, the pressure chamber (85) being con-
figured to communicate with the ejection open-
ing (86), the print head (8) being configured to
print an image by ejecting ink from the ejection
opening (86);
an ink tank (151) configured to store ink to be
supplied to the print head (8); and
a detection unit (91) configured to perform de-
tection of an ink ejection state of the ejection
opening (86),
a circulation means (PI, P2) configured to circu-
late ink between the inside and the outside of
the pressure chamber (85) by supplying ink such
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that the ink flows from a supply flow path (88)
for supplying ink to the pressure chamber (85)
of the print head (8) to a flow path (89) different
from the supply flow path (88) through the pres-
sure chamber (85), and
a control unit (101, 202) configured to cause the
circulation means (PI, P2) to circulate ink and to
cause the detection unit (91) to perform said de-
tection operation so as to simultaneously circu-
late ink by the circulation means (PI, P2) and
perform said detection operation by the detec-
tion unit (91).

3. The inkjet printing apparatus according to claim 1 or
2, wherein
the print head (8) comprises a plurality of ejection
openings including the at least one ejection opening
(86), and
based on a detection result of the detection unit (91),
the control unit (101, 202) is configured to cause the
detection unit (91) to continue the detection opera-
tion in a case where a number of inoperative ejection
openings is greater than a first number and causes
the detection unit to finish the detection operation in
a case where the number of inoperative ejection
openings is not greater than the first number.

4. The inkjet printing apparatus according to claim 3,
wherein
based on the detection result of the detection unit
(91), the control unit is configured to cause the cir-
culation means (p 1, P2) to continue the ink circula-
tion in a case where the number of inoperative ejec-
tion openings is greater than the first number and
causes the circulation unit to stop the ink circulation
in a case where the number of inoperative ejection
openings is not greater than the first number.

5. The inkjet printing apparatus according to claim 3 or
4, wherein
the control unit (101, 202) is configured to prevent
the circulation means (P1, P2) from stopping the ink
circulation until the detection unit (91) finishes the
detection operation.

6. The inkjet printing apparatus according to any one
of claim 3 to claim 5, wherein
in a case where the number of inoperative ejection
openings is not greater than the first number,

in a case where next operation to be performed
by the inkjet printing apparatus is not accompa-
nied by the ink circulation, the control unit (101,
202) is configured to cause the circulation
means (P1, P2) to stop the ink circulation, and
in a case where the next operation is accompa-
nied by the ink circulation, the control unit is con-
figured to prevent the circulation means (P1, P2)

from stopping the ink circulation.

7. The inkjet printing apparatus according to claim 6,
wherein
the next operation includes an operation of printing
an image by using ink ejected from the print head.

8. The inkjet printing apparatus according to any one
of claim 3 to claim 7, wherein
in a case where the number of inoperative ejection
openings is greater than the first number, the control
unit (101, 202) is configured to perform the detection
operation after a lapse of a first predetermined time
and to prevent the circulation means (PI, P2) from
stopping the ink circulation until the detection unit
(91) finishes the detection operation.

9. The inkjet printing apparatus according to any one
of claim 3 to claim 8, wherein
the control unit (101, 202) is configured to cause the
detection unit (91) to finish the detection operation
in a case where the number of inoperative ejection
openings is not reduced to the first number or less
within a second predetermined time from a start of
the detection operation.

10. The inkjet printing apparatus according to any one
of claim 3 to claim 9, wherein
the control unit (101, 202) is configured to cause the
detection unit (91) to perform the detection operation
multiple times and, in a case where a determination
unit (91) determines multiple times that the number
of inoperative ejection openings is equal to or less
than a predetermined number, to cause the detection
unit (91) to finish the detection operation.

11. The inkjet printing apparatus according to any one
of claim 1 to claim 10, wherein
the print head (8) comprises:

a printing element configured to generate ener-
gy for ejecting ink from the ejection opening; and
a pressure chamber (85) supplied with ink to be
ejected from the ejection opening, the pressure
chamber communicating with the ejection open-
ing, and
the control unit causes the circulation unit to cir-
culate ink by using a flow path passing through
the pressure chamber as the circulation flow
path.

12. The inkjet printing apparatus according to claim 1,
wherein
the print head comprises:

a printing element configured to generate ener-
gy for ejecting ink from the ejection opening;
a pressure chamber supplied with ink ejected
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from the ejection opening, the pressure cham-
ber communicating with the ejection opening;
and
a supply flow path for supplying ink to the pres-
sure chambers, and
wherein the circulation unit circulates ink by us-
ing, as the circulation flow path, a flow path pass-
ing through the supply flow path without passing
through the pressure chamber.

13. The inkjet printing apparatus according to any one
of claim 1 to claim 12, comprising:

a cap (10) configured to intimately contact the
ejection opening (86) of the print head (8),
wherein the control unit (101, 202) is configured
to cause the circulation means (PI, P2) to circu-
late ink with the ejection opening (86) in intimate
contact with the cap (10) into which ink is ejected
from the ejection opening (86).

14. The inkjet printing apparatus according to any one
of claim 1 to claim 13, wherein
the print head (8) is configured to eject a plurality of
inks,
the control unit (101, 202) is configured to cause the
circulation means (p1, P2) to circulate ink through a
flow path for each of the plurality of inks, and
the detection unit is confirmed to perform the detec-
tion operation for a specific ink out of the plurality of
inks.

15. The inkjet printing apparatus according to claim 14,
wherein
the plurality of inks include inks having different thick-
ening properties, which are degrees of thickening
caused by moisture evaporation from ink, and
the specific ink is an ink having a relatively high thick-
ening property.

16. The inkjet printing apparatus according to any one
of claim 1 to claim 15, wherein
the print head (8) is configured to eject ink from the
plurality of ejection openings,
the circulation means (P1, P2) is configured to cir-
culate ink through each of flow paths of the plurality
of ejection openings,
the control unit (101, 202) is configured to cause the
circulation means (PI, P2) to perform the ink circu-
lation and the detection unit (91) to perform the de-
tection operation for an ejection opening selected
from the plurality of ejection openings.

17. The inkjet printing apparatus according to any one
of claim 1 to claim 16, wherein
the print head (8) comprises an electrothermal trans-
ducing element configured to generate ejection en-
ergy for ejecting ink from the ejection opening (86),

and
the detection unit (91) comprises a temperature de-
tection element configured to detect a temperature
of the electrothermal transducing element.

18. The inkjet printing apparatus according to claim 17,
wherein
the detection unit (91) is configured to detect the ink
ejection state in the print head (8) based on a tem-
perature change in the electrothermal transducing
element in a case where ink is ejected from the ejec-
tion opening (86), the temperature change being de-
tected by the temperature detection element.

19. An inkjet printing method, comprising:

a circulation step of circulating ink between a
print head (8) comprising at least one ejection
opening for ejecting ink and an ink tank (151)
configured to supply ink to the ejection opening
(86) through a circulation flow path (C2, C4) be-
tween the print head (8) and the ink tank (151),
and
a detection step of performing detection of an
ink ejection state of the ejection opening in re-
sponse to a start of the ink circulation in the cir-
culation step,
such that the above steps are controlled so as
to simultaneously circulate ink in the circulation
step and perform the detection operation in the
detection step.

20. The inkjet printing method according to claim 19,
wherein
the print head comprises a plurality of ejection open-
ings including the at least one ejection opening, and
based on a detection result in the detection step, the
detection operation in the detection step is continued
in a case where a number of inoperative ejection
openings is greater than a first number and the de-
tection operation in the detection step is finished in
a case where the number of inoperative ejection
openings is not greater than the first number.

21. The inkjet printing method according to claim 20,
wherein
based on the detection result in the detection step,
the ink circulation in the circulation step is continued
in a case where the number of inoperative ejection
openings is greater than the first number and the ink
circulation in the circulation step is stopped in a case
where the number of inoperative ejection openings
is not greater than the first number.

22. The inkjet printing method according to any one of
claim 19 to claim 21, wherein
the ink circulation in the circulation step is prevented
from stopping until the detection operation in the de-
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tection step is finished.
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