
EP 0 442 438 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention The present invention relates to an inkjet recording apparatus
for discharging an ink from discharge ports of an ink jet recording head to
perform recording. l0   Related Background Art Recording apparatuses such
as printers, copying machines, facsimile systems, and the like, which are
used together with computers or wordprocessors, or are solely used, feed
and convey sheet-like recording media such as paper sheets or plastic thin
plates, and record images on the recording media on the basis of 15  image
information. The recording apparatuses can be classified into an Ink jet
system, a wire-dot system, a thermal system, a laser beam system, and the
like depending on their recording systems. Of these systems, the ink jet
recording system (ink jet recording apparatus) causes a recording means
(recording head) to discharge an ink toward a recording medium to perform
recording. The ink jet recording system has the following advantages. That
is, the system can record a high-quality image at high speed, and 20 can
perform recording on normal paperwithoutalways requiring a special
treatment. Since the inkjet recording system is a non-impact system, noise
is low, and it is easy to record a color image using many color inks. Of
the ink jet recording system, an ink jet recording apparatus employing a
line-type recording means in which a large number of discharge ports are
aligned in the widthwise direction of a paper sheet can attain recording
operations at higher speed. 25     In particular, in an inkjet recording
means (recording head) which uses heatenergy as energy for discharg- ing an
ink, electrothermal transducers which are formed on a substrate via
semiconductor manufacturing proc- esses such as etching, deposition,
sputtering, and the like, liquid path walls, a top plate, and the like are
formed, so that a recording head having a high-density liquid path
arrangement (discharge port arrangement) can be easily manufactured. 30
Such an ink jet recording apparatus normally comprises an arrangement for
keeping a satisfactory ink dis- charging state by preventing an increase in
ink viscosity due to evaporation of an ink aqueous component in discharge
ports or a portion around them where a recording liquid (ink) contacts air,
or by removing an ink whose viscosity is increased. In particular, in a
recording head of a type for discharging an ink by utilizing heat energy,
since discharge 35  ports and liquid paths communicating with the ports can
be arranged very precisely at a high density, the influence of an increase
in ink viscosity tends to be relatively increased. Forthis reason, each of
these ink jet recording apparatuses comprises a capping mechanism
forcovering and closing (capping) a surface where discharge ports of a
recording head are arranged in a non-recording operation state during which
no ink is discharged, thereby preventing evaporation of an ink aqueous
compo- 40  nent from the discharge ports. In order to assure stabler ink
discharge, an ink is periodically discharged from all or desired discharge
ports of a recording head at a predetermined position during, e.g., a
recording oper- ation, thus performing so-called preliminary discharge
(idle discharge) for renewing an ink in particularly dis- charge ports
which are not Involved in recording. In addition, an ink absorbing recover
or ink compression re- cover operation for discharging a
viscosity-increased Ink or a foreign matter by absorbing or compressing an
45  ink in the discharge ports at the beginning of recording or at
predetermined time intervals is performed. However, for example, when
capping of an ink jet recording head is performed by executing a series of
power-off sequences, a circuit for operating an activating source such as a
motor for a predetermined period of time by, e.g., a relay is required,
resulting in a complex apparatus arrangement. In addition, upon completion
of a recording operation, a power source cannot be turned off until the
power-off sequences are completed, 50 resulting in inconvenience.
Furthermore, in this case, attachment of a foreign matter ordust can be
prevented by capping the Ink jet recording head. However, since an increase
in viscosity of an ink in the ink jet recording head cannot be
satisfactorily prevented, this may cause a discharge error including an ink
non-discharge state in the next recording operation. When an ink is
forcibly discharged upon a power-on operation of the ink jet recording
apparatus, a fixed 55  amountof ink is always discharged although a degree
of an increase in viscosity of an ink in the inkjet recording head varies
depending on a non-use time of the ink jet recording apparatus. For this
reason, when a power source is frequently turned on/off, countermeasures
against waste of an ink, an increase in running cost, con- tamination of
the interior of the apparatus due to the discharged ink, and the like must
be taken. 2    EP 0 442 438 B1 



Furthermore, since recover operations such as absorbing, compression, and
Idle discharge operations are added, a time is wasted in addition to an
original recording time, and as a result, a recording speed is un-
desirably lowered. 6      Moreover, when an ink jet recording apparatus is
left for a long period of time while its power source is kept OFF, or is
left in a low-temperature condition, a discharge error (e.g., unstable
discharge or non-discharge state) may occur due to an increase in viscosity
of an ink or sticking of an ink in the ink discharge ports. As a method of
solving this problem, sequences for performing recover operations of a
recording means (recording head) upon a power-on operation are performed,
as described above. In the conventional power-on recover 10  operations, an
absorbing recover operation is constantly performed regardless of an
environmental temper- ature of the recording means, or a temperature around
the recording means is detected only upon a power- on operation, and the
number of times of absorbing recover operations is increased/decreased
according to the detected temperature, thus changing a treatment level.
However, in the conventional recover method, judgment of an Ink sticking
state In the discharge ports can 15  only be made by a temperature around
the recording means upon a power-on operation. For example, when an abrupt
change in temperature occurs immediately before use of the recording
apparatus, or when the re- cording apparatus is left in a low-temperature
state for a long period of time before the power source is turned on, It is
impossible to correctly determine an ink sticking state of the recording
means (recording head). Fig. 25 is a graph forexemplifying a change In
temperature when a temperature of the recording means is abruptly 20
increased immediately before the recording apparatus is used, and Fig. 26
isa graph forexemplifying a change In temperature of the recording means
when the apparatus is left in a low-temperature state for a long period of
time before the power source is turned on. In Figs. 25 and 26, a standard
temperature corresponds to a temperature at which an ink sticking
phenomenon begins below this temperature. For these reasons, the
conventional control method of recover operations of the recording means
cannot 25  determine an ink sticking state upon a power-on operation due to
a hysteresis temperature before the power source is turned on. Therefore,
since the recover operations upon a power-on operation cannot be performed
according to an actual ink sticking state, control becomes unsatisfactory.
As a result, an ink discharging state in recording becomes unstable, and
recording quality cannot be maintained. In order to guarantee stability of
an ink discharging state, recover operations must be excessively performed,
and waste of an Ink and time can- 30  not be technically avoided. Another
inkjet recording apparatus is known from patent application documentJP-
A-63 132 058. The ink jet recording apparatus described therein is an
apparatus according to the preamble of claim 1. It comprises timer means
for measuring an elapsed time from a predetermined measurement start
timing, and control means for conducting a recover operation for recovering
and preventing a discharge error in discharge port for discharging an ink.
Said recover operation is conducted if a print operation is to be exe- 35
cuted after a predetermined time has elapsed after executing the preceding
print operation or switching on the apparatus. It is quite evident that
also this apparatus cannot solve the above mentioned problems com- pletely.
SUMMARY OF THE INVENTION 40 It is an object of the present invention to
provide an ink jet recording apparatus which can efficiently per- form a
head recover operation by discharging an ink, and can maintain an ink jet
recording head in a normal Ink discharging state. It is another object of
the present invention to provide an ink jet recording apparatus which can
control an 45  ink amountconsumed In preliminary discharge within a
necessary range, and can preventwaste of an ink even when an ON/OFF
operation of a power source of the recording apparatus is repeated a large
number of times (frequently) within a short period of time. It is still
another object of the present invention to provide an inkjet recording
apparatus which measures at least one of a time elapsed from a previous
idle discharge operation, a time elapsed from a previous ab- 50  sorbing
operation, and a time of a capping state or an uncapping state to
appropriately select a treatment con- tent of a recover operation, and can
eliminate waste of an ink and a loss In recording time due to an unnc-
essary idle discharge or absorbing operation. It is still another object of
the present Invention to provide an ink jet recording apparatus which can
avoid an unnecessary discharge stabilization treatment on the basis of a
hysteresis of the discharge stabilization 55  treatment It is still another
object of the present invention to provide an ink jet recording apparatus
which can cor- rectly judge an ink sticking state upon a power-on operation
to optimize a recover operation upon a power- on operation, thereby
eliminating a recording error caused by a discharge error, and preventing
waste of an ink and time caused by a wasteful recover treatment upon a
power-on operation. 3  



EP 0 442 438 B1 It is still anotherobject of the present invention to
provide an ink jet recording apparatus comprising timer means for measuring
an elapse time from a predetermined measurement start timing, a backup
power source forsupplying powerto the timermeans when a main powersource is
turned off, and control meansforchanging 5   a content and/or the number of
times of a recover operation for recovering and preventing a discharge
error in a discharge port for discharging an ink on the basis of the elapse
time. These objects are achieved by providing the features claimed in the
characterizing portion of claim 1, i.e. by providing the features that a
backup powersource is provided for supplying powerto the timer means when a
main power source Is turned off, and that the control means is adapted to
change the contents and/or the 10  number of times of the recover operation
on the basis of the elapsed time measured by the timer means. By providing
these features it is, for example, possible to construct an ink jet
recording apparatus which has the following features and advantages: The
ink jet recording apparatus performs a head recover operation for
discharging an ink from an ink jet recording head when a power source is
turned on, thereby removing a foreign matter, e.g., a viscosity-in- 15
creased Ink in the ink jet recording head, which causes discharge errors
including an ink non-discharge state. A non-use time in which no recording
operation is performed, i.e., from a power-off operation until the next
power-on operation is counted, and an Ink discharge amount in a head
recovertreatment can be set according to the counted non-use time.
Therefore, when the non-use time is short, and an ink viscosity is low, an
ink discharge amount Is limited to suppress an ink consumption amount. On
the other hand, when the non-use 20  time is long and an ink viscosity is
high, an ink discharge amount is increased to reliably remove the foreign
matter. Since a timer for counting the non-use time of the ink jet
recording apparatus is reset upon completion of the head recover operation,
even when the power source is turned off immediately after it is turned on,
the timer will not be reset as long as the head recover operation is not
completed, and counts the non-use time, 25 i.e., a non-recording operation
time from a power-off operation upon completion of the previous head
recover operation. Therefore, when the power source is turned on for the
next time, the head recover operation can be performed in accordance with
an ink discharge amount according to the non-use time. Furthermore, a
content of discharge stabilization treatments including idle discharge and
ink absorbing operations is selected in accordance with at least one of an
elapse time from the last ink discharge or ink ab- 30  sorbing operation or
an elapse time in a capping state or an uncapping state. Since the elapse
time can be held even when the power source of the ink jet recording
apparatus is not turned on, a discharge state of the recording head during
a non-use time of the apparatus can be administered. In addition, a
power-off control unit measures a temperature near a recording means in a
power-off state (e.g., measures the temperature every minutes during 30
minutes until a power-on operation), and controls 35  the number of times
of recover operations or an absorbing force upon a power-on operation in
accordance with parameters Indicating the number of times of measurement
values below a standard temperature, the number of times of continuous
measurement values below the standard temperature, and the like, thus op-
timizing a recover operation. 40   BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1
is a perspective view showing an embodiment of an ink jet recording
apparatus according to the present invention; Fig. 2 is a perspective view
showing a recording head; 45      Fig. 3 is a block diagram showing the ink
jet recording apparatus shown in Fig. 1; Fig. 4 is a block diagram showing
a controller; Figs. 5Aand 5B are timings charts showing set and reset
timings of a timer bythe controller, respectively; Fig. 6 is a flow chart
showing an operation of the ink jet recording apparatus according to the
present in- vention; 50      Fig. 7 is a perspective view showing an ink
jet recording apparatus according to another embodiment of the present
invention; Fig. 8 is a plan view showing in detail a cap and a tube pump
shown in Fig. 7; Fig. 9 is a block diagram showing an arrangement of a
controller shown in Fig. 7; Fig. 10 is a flow chart showing a processing
sequence of this embodiment; 55      Fig. 11 is a block diagram showing a
modification of the controller shown in Fig. 9; Figs. 12A and 12B are
respectively a block diagram and a timing chart of a latch IC shown In Fig.
11; Fig. 13 is a perspective view showing an arrangement of main part of an
ink jet recording apparatus ac- cording to still another embodiment of the
present invention; Fig. 14 is a partial perspective view showing a
structure of a recording head shown in Fig. 13; 



4    EP 0 442 438 B1 Fig. 15 Is a block diagram showing an arrangement of a
control system of the inkjet, recording apparatus of this embodiment; Fig.
16 is a flow chart showing a preliminary discharge sequence upon a first
power-on operation in the 5      ink jet recording apparatus of this
embodiment; Fig. 17 is a flow chart showing a preliminary discharge
sequence upon a second power-on operation In the embodiment shown in Fig.
16; Fig. 18 is a flow chart showing a preliminary discharge sequence upon a
first power-on operation accord- ing to still another embodiment of an ink
jet recording apparatus; 10      Fig. 19 is a flow chart showing a
preliminary discharge sequence upon a second power-on operation in the
embodiment shown in Fig. 18; Fig. 20 is a perspective view of an ink jet
recording apparatus according to still another embodiment of the present
invention; Fig. 21 is a partial perspective view showing a structure of an
ink discharge unit of a recording means 15     shown in Fig. 20; Fig. 22 is
a block diagram showing an arrangement of a control system of the ink jet
recording apparatus of this embodiment; Fig. 23 is a graph for exemplifying
a temperature near the recording means measured by the control sys- tem
shown in Fig. 22 in a power-off state of the recording apparatus; 20
Fig. 24 is a flow chart showing an operation of the control system shown in
Fig. 22; Fig. 25 is a graph showing a change in temperature near the
recording means in a power-off state in the ink jet recording apparatus;
and Fig. 26 is a graph showing another change In temperature near the
recording means in a power-off state of the ink jet recording apparatus. 25
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS An embodiment of the
present invention will be described hereinafter with reference to
accompanying drawings. 30     In the ink jet recording apparatus of this
embodiment, as shown in Fig. 1, an ink jet head cartridge 1 in- tegrating
an ink jet recording head 3 and an ink tank (not shown) is mounted on a
carriage 2, and the carriage 2 is coupled to a portion of an activating
belt 4 for transmitting an activating force of an acutiating motor 5. The
carriage 2 is slidable along two parallel guide shafts 6a and 6b. The
carriage 2 is reciprocally moved over the total width of a recording medium
fed from a medium feeding device (not shown) to a platen 7 arranged 35  to
oppose a discharge surface of the ink jet recording head 3, so that the ink
jet recording head 3 performs recording on the recording medium. As shown
In the partial perspective view In Fig. 2, a plurality of ink discharge
ports 12 are juxtaposed on the discharge surface opposing the recording
medium, and electrothermal transducers 13 for generating en- ergy for
discharging an ink and applying it to an Ink in an ink path communicating
with the discharge ports 12 40  are arranged in correspondence with the
discharge ports 12. The ink jet recording apparatus comprises a head
recovering device 8 comprising a cap member 8a for capping the discharge
surface of the ink jet recording head 3. The head recovering device is
activated by an activating force of a cleaning motor 10 via a transmission
mechanism 11 at a position which falls outside a range of a reciprocal
movement of the ink jet recording head 3 in a recording operation, and
where the ink jet 45  recording head is stopped In a non-recording mode
(i.e., the left end of the guide shaft6a in Fig. 1; to be referred to as a
"home position" hereinafter) when a head recoveroperation of the inkjet
recording head 3 is performed. The head recovering device 8 forces an ink
to be discharged from the discharge ports 12 by performing an ink absorbing
operation by an absorbing means as an ink supply means to the ink path in
association with the capping operation of the discharge surface of the
recording head 3 by the cap member 8a during the head 50  recover
operation. Thus, the head recover operation is performed to remove a
viscosity-increased Ink in the recording head 3. In addition, a controller
(to be described later) drives the electrothermal transducers 13 of the
recording head 3 to perform preliminary discharge of the ink jet recording
head 3 in association with cap- ping of the discharge surfaceof the
recording head 3 bythe cap member8a, ordrivesthe electrothermal trans-
ducers 13 so as not to discharge an ink, thus decreasing a viscosity of an
ink in the ink path of the recording 55   head 3. The head recover
operation can also be performed in this manner. Furthermore, a blade(wiping
member)9 formed of silicone rubber is held by a blade holding member 9a 



on a side surface ofthe head recovering device 8 in a cantilever manner,
and is operated bythe cleaning motor 10 and a transmission mechanism 11
like in the head recovering device 8, thus allowingfrictional engagement
with the discharge surface of the Ink jet recording head 3. Thus, after the
head recover operation using the 5    EP 0 442 438 B1 head recovering
device 8, the blade wiping member 9 projects into the moving path of the
ink jet recording head 3, and wipes dew, wetting ink, dust, or the like on
the discharge surface of the recording head 3 upon movement of the ink jet
recording head 3. 5      A control system by the controller of this
embodiment will be described below with reference to Fig. 3. Fig. 3 is a
block diagram showing the ink jet recording apparatus described above, and
illustrates a state wherein the ink jet recording apparatus is connected to
a host device 20 as an external device. When a power switch 37 is turned
on, a power source voltage is applied from a power device 38, and a
controller 30 starts its operation. In this manner, the ink jet recording
apparatus of this embodiment is started. 10 When the power switch 37 is
turned on, a power-on indication is made on a panel 32. The panel 32 is one
for operations, which comprises a display means, and switches, e.g., a
recording paper feed switch, and is con- nected to the controller 30. The
display means can display an operation mode, e.g., a recording operation
mode, a head recover operation mode, and the like in addition to the
power-on indication. The recording operation and the head recover operation
of the inkjet recording apparatus are controlled 15 by the controller 30.
The controller 30 is connected to a sensor 34 for a head activating system
for activating the electrothermal transducers 13 of the inkjet recording
head 3, a sensor35 for a mechanical activating sys- tem for activating the
activating motor 5 and the cleaning motor 10, and an activating circuit 36
for the recov- ering device for activating an absorbing means of the head
recovering device 8. The controller 30 receives document information from
the host device 20 as an external device via an interface circuit 33, and
activates 20 the electrothermal transducers 13 of the recording head 3 via
the sensor34, thus causing the recording head 3 to discharge an ink. The
controller 30 is also connected to a timer 31 which is set when the power
switch 37 is turned off, and is reset upon completion of the head recover
operation. The arrangement of the controller 30 will be described below
with reference to Fig. 4. The controller 30 of this embodiment comprises an
MPU 301, a ROM 302, and a comparing circuit 303. 25 The MPU 301 performs
control operations associated with the recording operation and the head
recover op- eration in accordance with a program prestored in the ROM 302.
In this embodiment, it is determined by the program thatthe head
recoveroperation is performed when the powerswitch of the inkjet recording
apparatus is turned on. The MPU 301 sets a timer 31 when the power switch
37 of the ink jet recording apparatus is turned off, 30 and resets the
timer 31 upon completion of the head recover operation. When the power
switch of the ink jet recording apparatus is turned on, the MPU 31 reads a
count numberof the timer3l at that time, and transfers ittothe comparing
circuit303. Therefore, the count numberofthe timer31 indicates anon-use
time between an OFF operation of the power switch to the next ON operation
of the ink jet recording apparatus. Upon re- caption of the count number of
the timer 31 read by the MPU 301, the comparing circuit 303 looks up a mode
35 table 304 shown in Table 1 below and prestored in the ROM 302 together
with the program, selects an oper- ation mode suitable for an elapse time
corresponding to the received count number, and transfers it to the MPU
301. 40                                     Table  1 Elapse Time
Recover Operation Mode Within  6 Hours                        Preliminary
Discharge  (N[err] Times) More Than  6 Hours to 3
Preliminary Discharge  (N[err] Days
Times) 50       More  Than  3 Days to 10                Ink Heating +
Preliminary Days                                   Discharge  (N[err]
Times) More  than  10 Days to 1               Ink Absorbing  (N[err] Times)
Month 55       More  than  1 Month to 6                Ink Absorbing
(N[err] Times) Months More  than  6 Months                   Ink Absorbing
(N[err] Times)  + Test Pattern Printing 6 



EP 0 442 438 B1 The above-mentioned mode table 304 defines the recover
operation modes to be executed in correspon- dence with the elapse times In
the head recoveroperation. The recoveroperation modes include a preliminary
discharge mode, an ink heating mode, an ink absorbing mode, a test pattern
printing mode, and their combin- 5   ations, as shown in Table 1. When the
recover operation mode selected by the comparing circuit 303 Is the
preliminary discharge mode, the MPU 301 activates the cleaning motor 10 via
the sensor 35 to cause the cap member 8a of the head recovering device 8 to
cap the discharge surface of the ink jet recording head 3. In this state,
the MPU 301 activates the electrothermal transducers 13 of the recording
head 3 via the sensor 34 to cause them to 10 perform an ink discharge
operation a predetermined number of times. When the selected recover
operation mode is a combination of the ink heating mode + the preliminary
discharge mode, the MPU 301 activates the electrothermal transducers 13 via
the sensor 34 for a predetermined period of time so as notto discharge an
ink, thereby heating the ink to decrease an ink viscosity. Thereafter, the
ink discharge operation is performed like in the preliminary discharge
mode. When the selected recover operation mode is the ink absorbing mode,
15 the MPU 301 activates the absorbing means in the head recovering device
8 via the activating circuit 36 in a state wherein the discharge surface of
the recording head 3 is capped as described above. Thus, the ink ab-
sorbing operation is performed at a predetermined absorbing pressure a
predetermined number of times, thereby forcibly discharging an ink from the
discharge ports 12. When the selected recover operation mode is a
combination of the ink absorbing mode plus the test pattern printing mode,
the forced ink, discharge op- 20  eration of the recording head 3 is
performed as described above. Thereafter, the cap member 8a is uncapped
from the recording head 3, and the electrothermal transducers 13 of the
recording head 3 are activated ac- cording to printing data representing a
predetermined test pattern, thereby printing the test pattern on a re-
cording medium. Set and reset timings of the timer 31 by the MPU 301 will
be described below with reference to Figs. 5A 25 and 5B. As shown in Fig.
5A, when the power switch 37 of the ink jet recording apparatus is turned
off at time t[err], supply of the power source voltage from the power
device 38 is stopped, and a logic voltage as an operation voltage of the
controller30 begins to fall. When the logic voltage reaches a threshold
level VTH of the operation voltage of the controller 30 at time t2, the
operation of the controller 30 is stopped, and the timer 31 is set, 30 thus
starting a count operation of the timer 31. Thereafter, when the power
switch 37 of the ink jet recording apparatus is turned on again at time
t[err], the logic voltage begins to rise. When the logic voltage reaches
the threshold level V[err] at time t4, the controller 30 is started, and
the head recover operation is executed. When the head recover operation is
completed at time t[err], the timer 31 is reset by a signal indicating
completion of the head recover operation issued by the MPU 301 at that
time. 35      When the power switch 37 is successively turned on/off, and
is turned off at time [err] in the middle of the head recover operation, as
shown in Fig. 5B, since no signal Indicating completion of the head recover
oper- ation is outputfrorn the MPU 301, the timer 31 is not reset, and
keeps counting an elapse time from the OFF operation of the power switch 37
at time [err] described above. The operation of this embodiment will be
described below with reference to the flow chart shown in Fig. 40  8. When
the recording operation of the ink jet recording apparatus is completed,
and the power switch 37 is turned off, supply of the power source voltage
from the power device 38 is stopped, and the operation of the controller 30
is stopped. At the same time, the timer 31 is set (step S501). Thereafter,
the timer 31 counts an elapse time from the power-off operation by the
power switch 37. 45     When the power switch 37 of the ink jet recording
apparatus is turned on again, and the controller 30 is started, the MPU 301
of the controller 30 reads a count number of the timer 31 at that time
(step S502). The comparing circuit 303 of the controller 30 sequentially
looks up the mode table 304 on the basis of the read count number, selects
a recover operation mode suitable for the elapse time corresponding to the
count num- ber (steps S503 to S507), and transfers it to the MPU 301. If
the read count number indicates, e.g., four days, 50  "ink heating mode
plus preliminary discharge mode (N[err] times)" in step S510 is selected.
In this case, in the controller 30, the MPU 301 activates the sensors 34
and 35 to execute the Ink heating operation, and then to execute the
preliminary discharge operation N3 times. Upon completion of these
operations, the MPU 301 outputs a signal indicating completion of the head
recover operation, thereby resetting the timer 31 (step S514). In this
manner, the head recoveroperation upon a power-on operation of the inkjet
recording apparatus 55  is completed, and the recording operation can be
started. In this embodiment, when the ink absorbing operation is performed
using the ink absorbing means in the 



head recover operation, the numberof times of absorbing operations for
absorbing an ink ata predetermined absorbing pressure is changed in
accordance with an elapse time from the OFF operation of the powerswitch.
Alternatively, an absorbing pressure may be changed while the number of
times of absorbing operations is 7    EP 0 442 438 B1 kept constant. In
place of the absorbing means, compression means for compressing an ink in
the ink path of the head may be arranged as the head recovering device. In
this case, the number of times of compression operations 5   or a
compression force is changed in accordance with the elapse time, thus
obtaining the same effect as de- scribed above. As described above, the
timer is set when the power switch of the ink jet recording apparatus is
turned off, and a count numberof the timer is read when the powerswitch of
the inkjet recording apparatus is turned on, thus obtaining a non-use time
of the ink jet recording apparatus. Furthermore, since an Ink discharge 10
amountfrom the ink jet recording head in the head recovering operation is
determined in correspondence with the non-use time, even when the power
switch is frequently turned on/off, waste of an ink can be avoided, and a
high-viscosity ink can be reliably removed even when an increase in
viscosity of an ink in the ink jet recording head is considerable. Since
the head recover operation is performed when the power switch of the inkjet
recording apparatus 15  is turned on, a foreign matter for causing an ink
non-discharge state can be reliably removed from the ink jet recording head
before a recording operation is started. As a result, image recording
precision can be increased, and reliability of the recording apparatus can
be Improved. Furthermore, even when the powerswitch of the inkjet recording
apparatus is turned off immediately after it is turned on, the timer will
not be reset and keeps counting as long as the head recover operation is
not 20  completed. Therefore, a non-use time of the ink jet recording
apparatus, In which no recording operation is performed, can be precisely
obtained. Another embodimentof the present invention will be described
belowwith reference to the accompanying drawings. Fig. 7 is a perspective
view of an ink jet recording apparatus according to another preferred
embodiment 25  of the present invention. The ink jet recording apparatus
shown in Fig. 7 comprises recording head cartridges 101C, 101 M, and 101Y,
and colors of inks discharged from these cartridges correspond to C (cyan),
M (magenta), and Y(yellow) In the order named. Each of the head cartridges
101C, 101M, and 101Y is integrally formed by an ink tankfor storing a
corresponding ink, and a recording head for discharging the ink. The head
cartridges 101C, 101M, 30  and 101Yarefixed on a carriage 115 by pressing
members 141, and the carriage 115 is reciprocally movable along the
longitudinal direction of shafts 121. Inks discharged from discharge ports
of the recording heads reach a recording medium 118 whose recording surface
is regulated by a platen 119 arranged to be separated from the discharge
ports at a small interval, thus forming an Image on the recording medium
118. Adischarge signal according to recording data supplied via a cable 116
is applied to electrothermal trans- 35  ducers (for generating heat energy)
arranged in the recording heads and serving as discharge energy gener-
ation elements for generating energy utilized to discharge an ink. The ink
jet recording apparatus also comprises a carriage motor 117 for
reciprocally moving the carriage 115 along the shafts 121, and a wire
122fortransmitting an activating force of the motor 117 tothe carriage 115.
A feed motor 120 rotates the platen roller 119 via a gear train. Thus, the
platen roller 119 conveys the 40  recording medium 118 upward in the
apparatus. The apparatus also comprises a wiping blade 105 which partially
projects into a moving path adjacent to a recording moving path of the
moving path of the head cartridges 101C,101 M, and 101Y. The blade 105 rel-
atively slides along the discharge port surfaces of the recording heads
upon reciprocal movement of the head cartridges 101C, 101M, and 1O1Yto
capping positions (to be described later), thereby removing an Ink or dust
45  attached to the discharge port surfaces. Thus, deflection of a
discharge direction of ink droplets discharged from the discharge ports and
sticking of the discharge ports by a dried ink can be prevented. Caps 102C,
102M, and 102Y are arranged along the end portion of the moving path of the
head cartridges 101C,101M, and 101Y in correspondence with these
cartridges. The caps 102C, 102M, and 102Y are respec- tively held by cap
holders 102CH, 102MH, and 102YH (not shown in Fig. 7). These cap holders
are movable 50  in a direction perpendicular to the moving path of the head
cartridges. Note that a moving mechanism for the cap holders is not shown.
A tube pump 142 forcibly absorbs an ink from the interiors of the discharge
ports of the recording heads via the caps 102C, 102M, and 102Y, and will be
described in detail laterwith reference 



to Fig. 8. Idle discharge, ink absorbing, and capping operations are
performed at the capping positions where these 55   caps 102C, 102M, and
102Y are arranged. More specifically, in the Idle discharge operation, an
ink discharge operation is performed a desired num- ber of times toward ink
receiving members arranged on the front surface of the respective caps.
Thus, an ink near the discharge ports which are not so frequently
discharged is renewed, and a viscosity-increased ink is discharged, thereby
uniforming discharge characteristics among the discharge ports. 8    EP 0
442 438 B1 In the ink absorbing operation, the caps 102C, 102M, and 102Y
are moved to close the discharge port surfaces of the recording heads, and
in this state, an ink in the discharge ports is absorbed by the tube pump
142. With this operation, a viscosity-increased ink and a solidified ink
around and inside the discharge ports, 5   which are caused by a relatively
long non-recording time, can be discharged. In the capping operation, the
discharge port surfaces are simply covered by the caps. Thus, an ink near
the discharge ports can be pre- vented from being dried in a non-recording
state. As can be seen from the above description, the ink absorbing
operation has a larger discharge recover effect than that of the idle
discharge operation, and an ink consumption amount is increased
accordingly. 10      Fig. 8 is a plan view showing in detail the capping
and ink absorbing mechanisms. The caps 102C, 102M, and 102Yare formed of
flexible members such as rubber. In a capping mode, the cap holders 102CH,
102MH, and 102YH are moved toward the recording heads by a moving means
(not shown), and the caps are pressed against the corresponding discharge
port surfaces. Thus, the caps 102C, 102M, and 102Y properly close spaces
near the discharge ports. 15      Recess portions of the caps 102C, 102M,
and 102Y communicate with a drain ink absorbing member 143 via a tube, and
the tube pump 142 is engaged therebetween. The tube pump 142 comprises a
guide roller 140 rotated by an activating means (not shown) such as a
motor, a compression roller 141 arranged on a por- tion of the guide
roller, and a tube guide 144 for regulating the position of the tube. The
compression roller 141 compresses the tube while sequentially changing its
position upon clockwise rotation (Fig. 8) of the guide 20 roller 140,
thereby forming a negative pressure in the recess portions of the caps
102C, 102M, and 102Y, and conveying an absorbed ink in a direction of the
drain ink absorbing member. In Fig. 9 as a block diagram showing a control
arrangement of the ink jet recording apparatus shown in Fig. 7, the
apparatus comprises a CPU 130 serving as a control unit for executing
control processing associ- ated with the processing operations of the
entire apparatus, and a capping position sensor 133 for detecting 25 the
above-mentioned capping positions. The sensor 133 detects the movement of
members having a fixed positional relationship with the caps, e.g., the cap
holders. A timer IC 132 outputs a signal serving as a ref- erence for a
time. A memory 131 has an area for storing a time based on the signal
output from the timer iC. For example, the CPU 130 resets the time data
stored in the memory 131 on the basis of a detection signal from the sensor
133 or processing executed by itself. More specifically, the memory 131
stores a capping time 30 of the discharge port surfaces of the head
cartridges, and a time elapsed from the latest discharge operation. The
memory 131 and the timer IC 132 are backed up by a power source different
from that of the apparatus of this embodiment, and can count, e.g., the
capping time while the power source of the apparatus is kept OFF. A
recording head driver circuit 134 activates or drives the recording head
cartridges 101 C, 101M, and 10Y 35 on the basis of recording data from a
host device, and a control signal from the CPU 130, thereby performing an
ink discharge operation. A motor driver circuit 136 drives the guide roller
140 of the tube pump 142 on the basis of a control signal from the CPU 130.
Fig. 10 is a flow chart showing a processing sequence according to this
embodiment. This processing is started automaticallywhen the powersource is
turned on, or In response to an input instructing this processing 40 by a
user. A head state holding operation to be described below means a
discharge stabilization treatment including one of the capping, idle
discharge, and Ink absorbing (or compression) operations, or a combination
thereof. When this processing is started, data in the area of the memory
131 for storing, e.g., a capping time is read in-step S1. The data stored
In this area includes an elapse time of a state wherein the heads are
capped, 45 and an elapse time from the latest discharge operation of the
recording heads (from the end of the latest dis- charge operation). It is
checked in step S2 if the heads are presently capped. if YES in step S2,
the flow advances to step S3, and the head state holding operation to be
performed is branched in accordance with the elapse time in 



the capping state, which is read out in step S1. More specifically, if the
elapse time of the capping state falls 50 within a predetermined time
period (e.g., 1 hour), a holding operation 1 for performing only an idle
discharge operation is performed in step S5. If the elapse time of the
capping state falls within another predetermined time period (e.g., more
than 1 hour and less than 24 hours), a holding operation 2 for performing
an ink ab- sorbing operation once, and the Idle discharge operation is
performed in step S6. If the elapse time of the capping state exceeds the
predetermined time period (e.g., 24 hours), a holding operation 3 for
performing 55 the ink absorbing operation twice and the idle discharge
operation is performed in step S7. If NO in step S2, i.e., if it is
determined that the heads are not capped, the flow advances to step S4, a
holding operation is determined in accordance with an elapse time from the
latest discharge operation by the recording heads. More specifically, if
the recording heads are left unoperated within 24 hours from the latest
discharge operation, a holding operation 4 for performing the ink absorbing
operation three times, and the 9    EP 0 442 438 B1 idle discharge
operation is performed in step S8. If the recording heads are unoperated
more than 24 hours, a holding operation 5for performing the ink absorbing
operationfive times, and the idle discharge Is performed In step S9. 5
The numbers of times of the ink absorbing operations in the holding
operations are not limited to those described above, and contents of the
holding operations are not limited to the combinations described above.
More specifically, as the contents of the holding operations, contents
capable of minimizing ink consumption and a time required forthe
corresponding holding operations, and capable of obtaining a
satisfactorydischarge recover effect should be appropriately determined in
independent apparatuses. Therefore, the elapse periods 10 are not limited
to those described above, and may be arbitrarily set in accordance with
characteristics of ink jet heads and apparatuses. The elapse times as
references for branching the respective state holding operations are not
limited to those described above. As will be described laterwith reference
to Fig. 11 and Figs. 12A and 12B, an elapse time of an uncapping state may
also be used, and an elapse time from the latest absorbing operation may be
15 used. Fig. 11 Is a block diagram showing a modification of the control
arrangement shown in Fig. 9. A difference from the arrangement shown in
Fig. 9 is that the capping position sensor is also backed up by the
powersource differentfrom that of the apparatus. Thus, even when the
recording head cartridges are displaced from their capping positions due to
paper jam removing processing or a recording head chip ex- 20  change
operation while the powersource of the apparatus is keptOFF, atime during
this interval can be count- ed, and processing shown in Fig. 10 can be more
accurately executed. Figs. 12Aand 12B are respectively a block diagram
showing in detail a latch IC 150 arranged in a memory and its peripheral
circuit 138 shown In Fig. 11, and a timing chart of signals. An output B
from the timer IC 132 becomes a data input of the latch IC 150, and this
input is gated by an 25 output Afrom the sensor 133. As a result, as shown
in Fig. 12B, time D[err] at which the heads are uncapped is latched, and is
held. Thereafter, latched data is updated when the heads are capped again.
In this manner, a content of a discharge recover treatment consisting of
idle discharge and ink discharge operations is selected in accordance with
at least one of an elapse time from the latest ink discharge or ink
absorbing operation, and an elapse time of a capping or uncapping state.
The elapse time can be held even 30 when the power source of the ink jet
recording apparatus is kept OFF. Therefore, a discharge state of the re-
cording head in a non-use time of the apparatus can be administered. As a
result, an optimal recover treatment consisting of the ink absorbing and
idle discharge operations can be performed. Thus, unnecessary Ink
consumption by the recover treatment can be reduced, and a de- crease in
recording speed can also be prevented. 35      Still another embodiment of
the present invention will be described below with reference to the accom-
panying drawings. In Fig. 13 as a perspective view showing an arrangement
of main part of an ink jet recording apparatus according to still another
embodiment of the present invention, a head unit 201 Is mounted on a
carriage 203, and has a plurality of (four in Fig. 13) recording heads
202A, 202B, 202C, and 202D. 40      Discharge ports (normally, a plurality
of ports) are formed on the discharge port surfaces of the recording heads
202A to 202D, and the recording heads 202A to 202D discharge inks of
different colors. For example, in a color ink jet recording apparatus, the
recording heads 202A to 202D can correspond to ink colors of, e.g., yellow,
magenta, cyan, and black. Each of the recording heads 202A to 202D is an
ink jet recording head for discharging an ink by utilizing 



45 heat energy, and comprises electrothermal transducers for generating
heat energy. Each of the recording heads 202A to 202D discharges an ink
from the discharge ports by growth of bubbles by film boiling caused by
heat energy applied from the electrothermal transducers, thus performing
recording. In a block diagram of a control system shown In Fig. 15, the
carriage 203 which carries the head unit 201 is movably supported along
guide rails 204, and Is reciprocally driven by a carriage motor 206 via a
timing 50 belt 205. Asheet-like recording medium 207 such as a papersheet,
a plastic thin plate, or the like is conveyed (fed) in a direction of an
arrow f at a predetermined timing and a predetermined pitch along a
predetermined path by a pair of convey rollers 209 driven by a convey motor
(sheet feed motor) 208, and a pair of holding rollers 210 which are
interlocked with the rollers 209. While the recording medium 207 is held
flat ata recording pos- 55 ition opposing the recording heads 202A to 202D,
a recording operation is performed by main-scanning the recording heads
202Ato 202D. Upon completion of the recording operation for one line, the
recording medium 207 is fed by a predetermined pitch In the direction of
the arrow f, and a recording operation for the next line is performed. Note
that ink tanks 213A to 213D forrsupplying inks of corresponding colors to
the recording heads 202A 10    EP 0 442 438 B1 to 202D are exchangeably
mounted on the carriage 203. A home position H is set at a predetermined
position within a moving range of the carriage 203 and outside a recording
region. Arecovering device 214 for recovering discharge errors including an
ink non-discharge state 5   of the recording heads 202A to 202D is arranged
at the home position H. The recovering device 214 has a cap 215 capable of
closing the discharge port surfaces (surfaces where the discharge ports are
formed) of the recording heads 202A to 202D. Fig. 14 is a partial
perspective view of an ink discharge portion of the recording head 202 (an
arbitrary one of the recording heads 202A to 202D) in Fig. 13. in Fig. 14,
a plurality of discharge ports are formed on 10  a discharge port surface
216 opposing the recording medium 207 at a predetermined gap (e.g., about
0.5 mm) at a predetermined pitch in the longitudinal direction, and
electrothermal transducers (having heating resis- tors) 220 as heaters for
discharging an ink are arranged along wall surfaces of liquid paths 219 for
causing a common liquid chamber 218 to communicate with discharge ports
217. Desired heaters 220 are driven (energized) on the basis of an image
signal (recording Information) to gen- 15 erate bubbles in an ink In the
liquid paths 219. Flying ink droplets are formed based on the bubbles, and
the Ink droplets (dots) become attached to the recording medium 207, thus
recording an image. When a power switch is turned on, and in other
necessary states, the recording heads 202A to 202D are moved to the
position of the cap 215, and the heaters (normally, heaters of all the
discharge ports) 220 are driven, thereby per- forming a preliminary
discharge operation for discharging an ink from the discharge ports 217
into the cap 20 215. The preliminary discharge operation outside the
recording region is mainly performed to eliminate dis- charge errors caused
by a sticking ink, a viscosity-increased ink, dust such as paper pieces, or
bubbles in an ink in the ink discharge portion (e.g., in the discharge
ports 217 and the liquid paths 219) of the recording head 202. 25     In
Fig. 15 as a block diagram showing an arrangement of the control system of
the ink jet recording ap- paratusshown in Fig. 13, the
heaters220oftherecording head 202 are driven byadriver221, and an
electrical power is supplied from a power source 222 to the driver 221 via
a voltage changing circuit 223. An MPU 230 is connected to a timer 231, and
can perform timer administration of the preliminary discharge operation. In
Fig. 15, the apparatus includes an I/O port 232 for receiving signals from
a host device, a ROM 233 for 30 storing, e g., a control program, a
character generator 234, and a RAM 235 for storing, e.g., image signals.
The carriage motor 206 and the convey motor 208 are controlled by the MPU
230 via an 1/0 port 237. Furthermore, the MPU 230 receives, via the 1/0
port 237, detection signals from sensors 238 for detecting the
presence/absence of the recording medium 207, the presence/absence of an
ink remaining amount, wheth- er or not the carriage 203 is located at the
home position H, the presence/absence of the ink cartridge (ink 35 tank)
213, and the like. In the ink jet recording apparatus for performing
recording on the recording medium 207 by injecting an ink from the
recording heads 202, even when a predetermined time is selected In timer
administration in the recording apparatus, and the number of ON times of
the power source of the recording apparatus is large, in the setting time,
a preliminary discharge operation forrecovering discharge of the recording
heads 202 is per- 40 formed only a small number of times. In this case, the
setting time can be set to be about 30 minutes, and 



the number of times of the preliminary discharge operations in the setting
time can be set to be once or twice. Furthermore, in the ink jet recording
apparatus for discharging an ink from the recording heads 202 to perform
recording on the recording medium 207 according to this embodiment, a
predetermined time is se- lected in timer administration In the recording
apparatus, and the number of preliminary discharge activating 45 pulses for
recovering discharge of the recording heads 202 is decreased as the number
of ON times of the power source of the recording apparatus is increased. In
this case, the number of preliminary discharge ac- tivating pulses can be
controlled to be sequentiallydecreased from an initial pulse count every
time the power source is turned on. Figs. 16 and 17 are flow charts of the
preliminary discharge operation executed when the power source 50  ofthe
inkjetrecording apparatus ofthis embodiment is turned on. Fig. 18 shows
asequence upon afirst power- on operation, and Fig. 17 shows a sequence
upon a second power-on operation. In this embodiment the num- ber of times
of preliminary discharge operations is controlled to be decreased to a
smaller number of times (including zero) in accordance with the number of
ON times of the power source in a setting time. In Fig. 16, after the
powersource is turned on for the first time Instep S201, for example, a
setting time 55 n = 30 minutes is set in the timer 231, and the number of
ON times of the power source = 1 is stored in step S202. In this case,
since the power source is turned on before recording, the recording heads
202 are stopped at positions facing the cap 215 outside a recording region.
In step S203, the driver 221 is energized to activate the recording heads
202 (to heat an ink), and in step S204, a preliminary discharge operation
is performed into the cap 215. 11    EP 0 442 438 B1 In step S205, it is
checked if the power source is kept ON. If Y (YES) in step S205, the flow
advances to step S206 to check if the timer 231 reaches near an end of the
setting time (a range of 30 minutes  1 minute of an elapse time in this
embodiment). On the other hand, if N (NO) in step S205, the flow advances
to step 5   S207, and the time n and the number of times m of ON times of
the power source are sequentially stored In the timer 231 until the timer
231 reaches the setting time. In step S207, an elapse time to be stored is
indicated byx and since the numberof ON times of the power source is 1, m =
1 is stored. If Y in step S206, the preliminary discharge operation is
performed once again in step S208, and the flow advances to step S209.
Thus, the control enters a recording condition. 10     In this embodiment,
since the number of times of the preliminary discharge operations in the
setting time is set to be 2, the second preliminary discharge operation is
performed in step S208. However, if the number of times of the preliminary
discharge operations In the setting time is set to be 1, the preliminary
discharge operation in step S208 is omitted. If the numberof times of the
preliminary discharge operations in the setting time is set to be 3 or
more, the preliminary discharge operation is performed in step S208 a
number of times 15  obtained bysubtracting 1 from the setup numberof times.
If the powersource is kept ON, and if it is determined in step S206 that
the timer231 has not reached the end of the setting time, the flow advances
to step S209, and the control enters a recording condition. If the second
ON operation of the power source is detected after the first ON operation
of the power source, an operation sequence shown in Fig. 17 is started.
More specifically, after the power source is turned 20  on for the second
time in step S210, it is checked in step S211 if the timer 231 exceeds the
setting time (30 minutes) In Fig. 16, and if the number of ON times m of
the power source = 2. If the setting time (setting time n In step S202,
i.e., 30 minutes) is not exceeded (within the setting time), the head
driver 221 is turned off in step S212, and it is checked in step S213 if
the power source is kept ON. If N in step S213, the flow advances to step
S214, and the time n and the number of ON times m of the power 25  source
are sequentially stored in the timer 231 until the timer 231 reaches the
setting time. In step S214, an elapse time is given by n = x + a, and the
number of ON times of the power source is m = 3. If it is determined in
step S211 that the timer exceeds the setting time (30 minutes), the same
operations as in steps S203 to S209 upon the first power-on operation in
Fig. 16 are repeated. More specifically, in step S215, the driver 221 is
energized to activate the recording heads 202 (to heat an ink), and in step
S216, an 30  ink is discharged into the cap 215 (preliminary discharge
operation). In step S217, it is checked if the power source is kept ON. if
Y in step S217, the flow advances to step S218 to check if the timer 231
has reached near an end of the setting time (a range of 30 minutes  1
minute of an elapse time in this embodiment). On the other hand, if N in
step S217, the flow advances to step S219, and the time n and the number of
times m of ON times of the power source are sequentially stored in the
timer 231 until the timer 231 reaches 35  the setting time. In step S219,
an elapse time to be stored is indicated by x, and the number m of ON times
is stored as 1 since the setting time is exceeded. If it is determined in
step S218 thatthe timer231 has reached 



near the end of the setting time (30 minutes  1 minute), the preliminary
discharge operation is performed once again in step S220, and the flow
advances to step S221. Thus, the control enters a recording condition. In
this embodiment, since the number of times of the preliminary discharge
operations in the setting time 40  is set to be 2, the second preliminary
discharge operation is performed in step S220. However, if the number of
times of the preliminary discharge operations in the setting time is set to
be 1, the preliminary discharge operation in step S220 is omitted. Ifthe
numberof times of the preliminary discharge operations in the setting time
is set to be 3 or more, the preliminary discharge operation is performed in
step S220 a number of times obtained by subtracting 1 from the setup number
of times. 45     If the power source is kept ON, and if it is determined in
step S218 that the timer 231 has not reached nearthe end of the setting
time, the flow advances to step S221, and the control enters a recording
condition. If it is determined in step S213 that the power source is kept
ON, the flow advances to step S218 to check if the timer 231 has reached
near the end of the setting time (a range of 30 minutes  1 minute of an
elapse time in this embodiment). If Y in step S218, the preliminary
discharge operation is executed once again In 50  step S220 like in the
above-mentioned sequence, and thereafter, the control enters the recording
condition in step S221; if N in step S218, the flow directly advances to
step S221, and the control enters the recording condition. Thereafter, if
the third and subsequent ON operations of the power source are detected,
the same operations as upon the second power-on operation described above
are repeated. Figs.18 and 19 are flow charts of a preliminary discharge
operation of an ink jet recording apparatus upon 55   a power-operation
according to another embodiment. Fig. 18 shows a sequence upon a first
power-on oper- ation, and Fig. 19 shows a sequence upon a second power-on
operation. In this embodiment, the number y of preliminary discharge
activating pulses upon a power-on operation is controlled. In Fig. 18,
afterthe powersource is turned on forthefirst time in step S101, for
example, a setting time n = 30 minutes is set in the timer 231, and the
number of ON times of the power source = 1 is stored in step 12    EP 0 442
438 B1 S102. In this case, since the powersource is turned on before
recording, the recording heads 202 are stopped at positions facing the cap
215 outside a recording region. In step S103, the frequency of the head
driver 221 is controlled, and in step S104, the recording heads 5   202 are
activated (i.e., the heaters 220are energized) a numberof times
corresponding tothe frequency (num- ber of pulses), and the preliminary
discharge operation is performed by the setting number of activating puls-
es. In this case, the initial number of activating pulses is set to be,
e.g., y = 30 Hz. Since the number of ON times m of the power source is 1,
an ink droplet discharge operation of y/m = 30 times (Hz) is set. It is
then checked in step S105 if the power source is kept ON. 10     If Y in
step S105, the flow advances to step S106 to check if the timer 231 has
reached near an end of the setting time (a range of 30 minutes  1 minute of
an elapse time in this embodiment), and to confirm if the power source is
turned on for the second time. If N in step S105, the flow advances to step
S107, and the time n and the number oftimes m of ON times of the power
source are sequentially stored in the timer 231 until the timer 231 reaches
the setting time. In 15  step S107, an elapse time to be stored is
indicated byx and since the numberoof ON times of the powersource is 1, m =
1 is stored. If it is determined in step S106 thatthe timer231 has reached
nearthe end of the setting time (30 minutes [err] 1 minute), the flow
advances to step S108 to perform frequency control of the head driver 221.
In this case, since the numberof ON times m of the powersource is 2, the
numberof preliminary discharge activating puls- 20  es of the recording
heads 202 is set to be y/m = 30/2 = 15 pulses (times). Instep S109, the
preliminary dischargeoperation is performed once again by this setting
numberof pulses (15 times). Thereafter, the flow advances to step S110, and
the control enters a recording condition. In this embodiment, the number of
preliminary discharge activating pulses within the setting time is se-
quentially decreased in accordance with the number of ON times of the power
source. 25     If the power source is kept ON, and if it is determined in
step S106 that the timer 231 has reached near the end of the setting time,
the flow advances to step S11O, and the control enters the recording
condition. If the second ON operation of the power source is detected after
the first ON operation of the power source, an operation sequence shown in
Fig. 19 is started. More specifically, afterthe powersource is turned on
for the second time in step S111, it is checked in step S112 if the timer
231 exceeds the setting time n = 30 30 minutes set upon the first power-on
operation, and if the number of ON times m of the power source is 2. If it
is determined that the timer does not exceed the setting time (within the
setting time), the head driver 221 is turned off in step S113, and it is
checked in step S114 if the powersource is kept ON. If Y in step S114, 



the flow advances to step S115, and the time n and the number of times m of
ON times of the power source are sequentially stored in the timer 231 until
the timer 231 reaches the setting time. 35     In step S115, an elapse time
n = x + a, and the number of ON times m = 3 of the power source are stored.
If it is determined In step S112 thatthe timerexceeds the setting time (30
minutes), substantially the same operations as in steps S103 to S109 upon
the first power-on operation in Fig. 18 are performed, except that the
number of ON times m of the power source is larger by one, and hence, the
frequencies in steps S103 and S108 are decreased accordingly to execute the
preliminary operations by the smaller numbers of acti- 40 vating pulses.
Morespecifically, the frequencyofthe head driver221 is controlled in step
S116, and the recording heads 202 are activated (the heaters 220 are
energized) a number of times corresponding to the frequency (number of
pulses) in step S117, thus performing the preliminary discharge operation
by the setting number of actl- vating pulses. In this case, the initial
number of activating pulses is set to be y = 30 Hz, and since the number 45
of ON times m of the power source is 2, an ink droplet discharge operation
of y/m = 30/2 = 15 times (Hz) is set, thus performing the preliminary
discharge operation. It is then checked in step S118 if the power source is
kept ON. If Y in step S118, the flow advances to step D119 to check if the
timer 231 has reached near an end of the setting time (a range of 30
minutes  1 minute of an elapse time in this embodiment), and to confirm if
50 the power source is turned on for the third time. If N in step S11 8,
the flow advances to step S120, and the time n and the number of times m of
ON times of the power source are sequentially stored in the timer 231 until
the timer 231 reaches the setting time. In step S120, an elapse time x and
the number of ON times m = 1 of the power source are stored. If it is
determined in step S119 thatthe timer231 has reached nearthe end of
thesetting time (30 minutes 55 [err] 1 minute), the flow advances to step
S121 to perform frequency control of the head driver 221. In this case,
since the numberof ON times m of the powersource is 3, the numberof
preliminary discharge activating puls- es of the recording heads 202 is set
to be y/m = 30/3 = 10 pulses (times). In step S122, the preliminary
discharge operation is performed once again by this setting numberof pulses
(10 times). Thereafter, the flow advances to step S123, and the control
enters the recording condition. 13    EP 0 442 438 B1 If the power source
is kept ON, and if it is determined in step S119 that the timer 231 has
reached near the end of the setting time, the flow advances to step S123,
and the control enters the recording condition. If it is determined in step
S114 that the power source is kept ON, the frequency of the head driver 221
is 5   controlled In step S124, and the recording heads 202 are activated
(the heaters 220 are energized) a number of times corresponding to the
frequency (number of pulses) in step S125, thus executing the preliminary
dis- charge operation bythesetting numberof activating pulses. In this
case, the initial numberof activating pulses is set to be y = 30 Hz, and
since the number of ON times m of the powersource Is2 in step S124, an ink
droplet discharge operation of y/m = 30/2 = 15 times (Hz) is set In step
S125, the preliminary discharge operation is 10  performed 15 times (for 15
pulses). After the preliminary discharge operations in steps S124 and S125
are performed, the flow advances to step S119 described above, and the same
operation as described above is performed. In this manner, in the second
power-on sequence (Fig. 19), ifthis operation is performed within
thesetting time, the preliminary discharge operation is performed
byasmallernumberof activating pulses than that upon 15  the first power-on
operation (Fig. 18). Thereafter, if the third and subsequent power-on
operations are performed within the setting time, the preliminary discharge
operations are performed by the numbers of pulses which are decreased in
accordance with an increase in the number of ON times m of the power source
in the same sequence as that upon the second power-on operation (Fig. 19).
20     According to the embodiment described above, when the power source
is repetitively turned on within a predetermined period of time, necessary
preliminarydischarge operations can be performed without perform- ing
unnecessary preliminary discharge operations. Therefore, an Ink jet
recording apparatus which can sup- press wasteful ink discharge (ink
consumption) can be obtained. In the above embodiment, the present
invention is applied to a serial-scan type inkjet recording apparatus 25
in which the recording heads 202 are mounted on the carriage 203. However,
the present invention can be similarly applied to other ink jet recording
apparatuses, e.g., an ink jet recording apparatus which employs a line type
recording head which can cover a recording region in the widthwise
direction of a recording medium, and the same effects as described above
can be attained. 



In the above embodiment, a color inkjet recording apparatus using the four
recording heads 202 has been 30  exemplified. However, the present
invention can be applied to a monochrome recording ink jet recording ap-
paratus using a single recording head, a gradation recording inkjet
recording head using a plurality of recording heads having the same color
butdifferent densities, and the like, regardless of the number of recording
heads, and the same effects as described above can be attained. As can be
seen from the above description, in an ink jet recording apparatus for
discharging an ink from 35  recording heads to perform recording on a
recording medium, a predetermined time is set in timer adminis- tration in
the recording apparatus, and even when the numberof ON times of the
powersource ofthe recording apparatus is large, preliminary discharge
operations for recovering discharge of the recording heads are per- formed
by a small number of times within the setting time. Therefore, when the
power source of the recording apparatus is repetitively turned on a large
number of times (frequently), an ink amount consumed by the pre- 40
liminary discharge operations can be controlled to fall within a necessary
range. As a result, an inkjet recording apparatus which can eliminate
wasteful consumption of an ink can be provided. In an ink jet recording
apparatus for discharging an ink from recording heads to perform recording
on a recording medium, a predetermined time Is set in timer administration
in the recording apparatus, and the number of activating pulses for
preliminary discharge operations for recovering discharge of the recording
45  heads Is decreased in accordance with an increase in the number of ON
times of the power source of the re- cording apparatus within the setting
time. Therefore, when the power source of the recording apparatus Is
repetitively turned on a large number of times (frequently), an ink amount
consumed by the preliminary dis- charge operations can be controlled to
fall within a necessary range. As a result, an inkjet recording apparatus
which can eliminate wasteful consumption of an ink can be provided. 50
Still another embodiment of the present invention will be described below
with reference to the accom- panying drawings. Fig. 20 is a perspective
view of an inkjet recording apparatus according to this embodiment. In Fig.
20, a recording means (recording head) 411 is mounted on a carriage 412.
The carriage 412 is mov- ably guided along a guide shaft 413, and Is
reciprocally moved by a carriage motor 414 via pulleys 415 and 416, and a
timing belt 417 looped between these pulleys. A sheet-like recording medium
418 such as a paper 55  sheet, a plastic thin plate, or the like is
conveyed (fed) in a direction of an arrow A at a predetermined timing and a
predetermined pitch along a predetermined path by convey rollers (including
a pair of rollers) 420 acti- vated by a convey motor (sheet convey orfeed
motor) 419. The guide shaft413 is parallel to the convey rollers 420. The
rearsurface of the recording medium 418 is supported by a platen 421 on a
recording region opposing 14    EP 0 442 438 B1 the recording means, so
that the recording medium can oppose the recording means 411 at a
predetermined interval (e.g., 0.3 to 1.5 mm). When the carriage 412 is
moved along the recording medium 418, and an ink is discharged from
discharge ports (normally, a plurality of discharge ports) of the recording
means 411 on the 5   basis of image information, a recording operation
forone line is performed on the recording medium 418. Upon completion of
the recording operation for one line, the recording medium 418 is fed at
the predetermined pitch in the direction of the arrow A, thus starting the
recording operation for the next line. A home position HP is set at a
predetermined position within a moving range of the carriage 412 and out-
side the recording region. A recovering unit 422 for performing a recover
operation for recovering a discharge 10 error caused by clogging of an ink
sticking to, e.g.  an ink discharge portion (discharge ports) of the
recording means411 is arranged atthe home position HP Acap 423which is in
tight contactwith a discharge portsurface of the recording means 411 and
covers and closes the discharge ports when the recording means reaches the
home position is arranged on the front surface of the recovering unit 422.
The recovering unit 422 com- prises a suction pump (not shown). When no
recording operation is performed for a predetermined period of 15  time or
more, the carriage 412 is moved to the home position HP and the recovering
unit422 is moved forward, so thatthe discharge port surface is closed by
the cap 423. In this state, the suction pump is operated to draw an ink
from the discharge ports by suction, thus executing the recover operation.
The recording means (recording head) 411 comprises electrothermal
transducers for generating heat en- ergy utilized to discharge an ink. The
recording means 411 discharges an ink from its discharge ports on the 20
basisof growth and shrinkage of bubbles byfilm boiling caused by heat
energy appliedfrom the electrothermal transducers, thereby performing
recording. Fig. 21 is a partial perspective view showing a structure of the
ink discharge portion of the recording means (recording head) 411. In Fig.
21, a plurality of discharge ports 432 are formed in a discharge port
surface 431 opposing the re- 



25  cording medium 418 at predetermined Intervals (e.g., about 0.5 to 2.0
mm, and electrothermal transducers (having heating resistors) 435 for
generating energy utilized to discharge an ink are arranged along wall sur-
faces of liquid paths 434 for causing a common liquid chamber 433 to
communicate with the respective dis- charge ports 432. In the ink jet
recording apparatus shown in Fig. 20, the recording means (recording head)
411 is mounted on the carriage 412 to have a positional relationship in
that the discharge ports 432 are aligned 30  in a direction perpendicular
to the scanning direction (moving direction) of the carriage 412. In this
manner, the recording means (recording head) 411 is arranged, so that
desired electrothermal transducers 435 are activated (energized) on the
basis of an image signal or a discharge signal, an ink in the liquid paths
434 is film-boiled, and the ink is discharged from the discharge ports 432
based on the film boiling. In Figs. 20 and 21, the recording means 411
comprises an atmosphere temperature sensor 424 such as 35 a thermistor for
detecting a temperature of the recording means. In a power-off state of
this ink jet recording apparatus, a time from a previous power-on operation
is measured, and a temperature near the recording means is detected at
predetermined time intervals, so that a power-on recover operation of the
recording means is varied depending on the detected temperatures. Fig. 22
is a block diagram showing an arrangement of a control system of the ink
jet recording apparatus 40  according to this embodiment In Fig. 22, a
control unit 440 for controlling the entire recording apparatus comprises a
microprocessor 441, a ROM 442, a RAM 443, atimer444, and an AID
converter445. The ROM 442 stores, e.g, data necessary for control
operations of the recording apparatus and programs. The RAM 443 holds,
e.g., data to be tempor- arily stored such as detection temperatures of the
recording means 411, the number of times of recover op- 45  erations upon a
power-on operation, and the like. The timer 444 measures a time in
accordance with an in- struction from the microprocessor 441, and when a
designated time elapses, the timer 444 outputs an inter- rupt signal to the
microprocessor 441. The A/D converter445 converts a voltage value, e.g., a
detection tem- perature of the recording means 411 from an analog input to
a digital output. In Fig. 22, the control system includes a data transfer
device 446 for transferring recording data to the 50  control unit at a
clock rate of a predetermined frequency in response to a trigger signal
from the control unit 440, and an information input portion 447 for
outputting Information from, e.g., various sensors to the control unit 440.
The operations of the carriage motor414 and the convey motor (line feed
motor) 419 are controlled by the control unit440. Note thatthe carriage
motor414 and the convey motor4l 9 include drivers foractivating these
motors. 55      In Fig. 22, the control system also includes a power-off
control unit 450 according to the present invention which is operated by
power received from a power source 448. The power-off control unit 450
comprises a sub CPU (microprocessor) 451, a ROM 452, a RAM 453, a timer
454, and an A/D converter 455. The ROM 452 stores, e.g, data necessary for
control operations of the recording apparatus and programs. The RAM 453
holds, e.g., data to be temporarily stored such as detection temperatures
of the recording means 411, the num-    EP 0 442 438 B1 ber of times of
recover operations upon a power-on operation, and the like. The timer 454
measures a time in accordance with an instruction from the sub CPU 451, and
when a designated time elapses, the timer 454 outputs an interrupt signal
to the sub CPU 451. The A/D converter 455 converts a voltage value, e.g., a
de- 5 tection temperature of the recording means 411 from an analog input
to a digital output. A power source 448 of this power-off control unit is a
backup type power source including an exchangeable battery type power
source. Referring to Fig. 22, the temperature sensor 424 for detecting an
atmosphere temperature is arranged near an ink discharge portion 449 (Fig.
21) of the recording means 411. Detection temperature data from the 10
temperature sensor 424 is supplied to both the control unit 440 for the
entire recording apparatus, and the power-off control unit 450. A control
operation in a power-off state of the ink jet recording apparatus will be
described below. When the power source is turned off, the sub CPU 451 and
the temperature sensor 424 measure a tem- perature near the recording head
411, and store the measured value as data of 0 minute from the beginning 15
of measurement In the RAM 453. The timer 454 measures a time with reference
to this storage timing, and the sub CPU 451 and the temperature sensor 424
sequentially measure temperatures near the recording means 411 at 1-minute
intervals. In this case, the detected temperatures are compared with a
standard tem- perature (e.g., 15[err]C), and parameters such as the number
of times of detection of temperatures below the standard temperature, the
number of continuous temperatures below the standard temperature, and the
like 20  are stored in the RAM 453. For example, when 30 minutes going back
from a given power-on operation are defined as one cycle, and 



control is made based on temperature measurement data during this interval,
temperatures during afirstextra period are sequentially erased from the RAM
453 when 30 minutes elapses. In this manner, when the power source is
turned on again, a recovery operation is controlled with reference to
temperature measurement data 25 for 30 minutes before the power-on
operation. If a time interval between the power-off operation and the pow-
er-on operation is equal to or less than 30 minutes, no data are erased,
and control is made using all the tem- perature measurement data during
this interval as standard data. Fig. 23 is a graph forexemplifying the
temperature measurementdata in the power-off state. Fig. 23 shows data for
30 minutes (-30 minutes to the power-on operation) before a power-on
operation. The "standard tem- 30 perature" is a temperature below which an
ink begins to stick to the discharge ports, and is set to be, e.g., about
15[err]C. Fig. 24 is a flow chart showing a sequence of a recover operation
in the ink jet recording apparatus ac- cording to this embodiment. The
recover operation of this embodiment will be described in detail below with
reference to Fig. 24. 35     In Fig. 24, when the powersource of the
recording apparatus is turned off in step S401, a control operation by the
sub CPU 451 in the power-off control unit 450 is started. In step S402, a
temperature measurement period in a power-off state is set to be a maximum
of 30 minutes, and a corresponding RAM area is assured. In addition, a
sampling time (measurement interval) m is set to be, e.g., 1 minute, and
the timer454 is started. Itis checked in step S403 if one minute has passed
in the timer454. If YES in step S403, the flowadvances 40  tostep S404, and
the presentatmospheretemperature is detected bythe temperature sensor(e.g.,
thermistor) arranged in the recording means 411, and the measurement data
is stored in the RAM 453. When the data is stored in the RAM 453, If data
for 30 minutes have already been stored, data before 30 minutes or more are
erased, so that only datafor3O minutes before the power-on operation can be
stored. In step S405, it is checked if the power source of the recording
apparatus is turned on. If NO in step S405, the flow returns to step S403
45 to repeat the above-mentioned operations. If it is determined in step
S405 that the power source of the recording apparatus is turned on, the
flow advances to step S406, and it is checked based on data stored in the
RAM 453 (30 or less data In this em- bodiment) if the number of
temperatures exceeding the standard temperature (e.g., 15[err]C) or the
number of continuous temperatures exceeding the standard temperature is
larger than a predetermined value. 50     If it is determined in step S406
that the number of temperatures exceeding the standard temperature is equal
to orlargerthan the predetermined value (e.g., 10 times), orthatthe
numberof continuous temperatures exceeding the standard temperature is
equal to or larger than the predetermined value (e.g., 3 times), it is
determined that an atmosphere temperature In the power-off state is high,
and an ink in the discharge portion does not so suffer from sticking. The
flow advances to step S407, and a recover treatment is performed for 55 a
short period of time (e.g., 5 seconds) as a recoveroperation upon a
power-on operation. On the other hand, if it is determined in step S406
that the number of temperatures exceeding the standard temperature is
smaller than the predetermined value (e.g., 10 times), or that the number
of continuous temperatures exceeding the standard temperature Is smaller
than the predetermined value (e.g., 3 times), it is determined that the
atmos- phere temperature in the power-off state Is low, and an Ink in the
discharge portion considerably suffers from    EP 0 442 438 B1 sticking.
The flow then advances to step S408, and a recover treatment is performed
for a long period of time (e.g., 20 seconds) as a recover operation upon a
power-on operation. With the above-mentioned recover operation, a recover
treatment time upon a power-on operation can 5   be efficiently determined
on the basis of degree of ink sticking in a power-off state, and a
discharge error or a recording error caused by ink sticking can be reliably
prevented. In addition, an ink and a recover treatment time can be
prevented from being wasted. In the recover operation upon a power-on
operation, not only a re- cover time is set, but also the number of times
of preliminary discharge operations may be controlled, or an ink suction
force may be controlled, or temperature control of the recording head 411
may be adjusted. Fur- 10  thermore, a recovery operation attained by
combining the above-mentioned operations may be performed. In the
embodiment described above, as parametersfordetermining a content (time) of
a recoveroperation upon a power-on operation, the number of temperatures
exceeding the standard temperature, or the number of continuous
temperatures exceeding the standard temperature is used. In place of these
parameters, a total value (integrated value) of differences between the
standard temperature and measurement temperatures 15  may be used. For
example, if the integrated value is larger than 0, it can be determined
that an average value of atmosphere temperatures in the power-off state is
higher than the standard value, and control is made to shorten a recover
time. If the integrated value Is smaller than 0 (negative), control can be
made to prolong the recover time, thereby reliably removing ink sticking to
the discharge portion. 



In the above embodiment, temperatures in the power-off state are compared
with the standard tempera- 20  ture to determine a content of the recover
operation upon a power-on operation. For example, only the timer function
of the power-off control unit450 is operated to measure a power-off time
without reading and storing atmosphere temperature values from the
temperature sensor 424, and when the power-off time is very short (e.g., 10
minutes), it is determined that no ink sticking caused by a change in
temperature occurs, and control may be made to start a recording operation
without performing the recover operation upon a power-on oper- 25  ation.
With this control, a time to the beginning of recording can be shortened,
and a throughput can be further improved. Contrary to this, when the
power-off time is very long (e.g., 10 days), since it is difficult to
remove sticking Ink by a normal recover operation, control may be made to
perform a special recover operation (e.g., to con- tinuously perform the
normal recover operation four times), thereby preventing a recording error
or a dis- 30  charge error. In the embodiment described above, a recover
operation upon a power-on operation is varied using at- mosphere
temperatures of the recording means (recording head) 411 as parameters. In
some cases, atmos- phere humidities may be detected in place of
temperatures, and the content of the recover operation upon a power-on
operation may be altered using the detected humidities as parameters. 35
In the above embodiment, the present invention is applied to a serial-type
ink jet recording apparatus in which the recording means (recording head)
411 is mounted on the carriage 412 which is moved along the recording
medium 418. The present Invention can also be applied to an ink jet
recording apparatus which em- ploys a line recording means having a length
corresponding to the entire or partial recording region in the widthwise
direction of a recording medium regardless of the type of scanning system,
and the same effects 40  as described above can be obtained. As the
recording means (recording head) in the above embodiment, re- cording means
having various structures such as an exchangeable cartridge type recording
means in which a recording head and an ink tank are integrated, a recording
means having a structure wherein a recording head and an ink tank are
separated, and are coupled through a coupler or a tube, and the like may be
used. In the above embodiment, the ink jet recording apparatus comprising
the single recording means (record- 45 ing head) 411 has been exemplified.
However, the present invention can be applied to an ink jet recording ap-
paratus comprising a pluralityof recording means for recording data in
different colors, ora gradation recording ink jet recording apparatus
comprising a plurality of recording means having the same color but
different den- sities regardless of the numberof recording means, and the
same effects as described above can be attained. As can be seen from the
above description, in an ink jet recording apparatus for discharging an ink
from 50  the recording means to perform recording, a time from a previous
power-off operation is measured and tem- peratures near the recording means
are measured at predetermined time intervals in a power-off state, so that
a recoveroperation upon a power-on operation of the recording means is
altered according to the detec- tion temperatures. Thus, an ink sticking
state upon a power-on operation can be correctly judged, and a re- cover
operation upon a power-on operation can be optimized. Thus, an ink jet
recording apparatus which can 55  eliminate a recording error caused by a
discharge error, and can preventwasteful ink consumption, and waste of a
time can be provided. In addition to the above arrangement, a power-off
control unit which receives powerfrom a backup power sourceor battery In a
power-on state, and Is started in a power-offstate is arranged, and
atimefrom the power- off operation is measured by a timer of the power-off
control unit. Thus, an ink jet recording apparatus which 17    EP 0 442 438
B1 can more accurately control a recover operation in addition to the
above-effects can be provided. The present invention is particularly
suitably usable In an ink jet recording head and recording apparatus for
discharging an ink by utilizing heat energy. This is because, the high
density of the picture element, and 5   the high resolution of the
recording are possible. The typical structure and the operational principle
of preferably the one disclosed In U.S. Patent Nos. 4,723,129 and
4,740,796. The principle Is applicable to a so-called on-demand type
recording system and a continuous type recording system particularly
however, it is suitable for the on-demand type because the prin- ciple is
such that at least one driving signal is applied to an electrothermal
transducer disposed on a liquid 10  (ink) retaining sheet or liquid
passage, the driving signal being enough to provide such a quick
temperature rise beyond a departure from nucleation boiling point, by which
the thermal energy is provide by the electro- thermal transducer to produce
film boiling on the heating portion of the recording head, whereby a bubble
can be formed in the liquid (ink) corresponding to each of the driving
signals. By the development and collapse of the bubble, the liquid (ink) is
ejected through an ejection outlet to produce at least one droplet The
driving 



15  signal is preferably in the form of a pulse, because the development
and collapse of the bubble can be effected instantaneously, and therefore,
the liquid (ink) is ejected with quick response. The driving signal in the
form of the pulse is preferably such as disclosed in U.S. Patents Nos.
4,463,359 and 4,345,262. In addition, the temperature increasing rate of
the heating surface is preferably such as disclosed in U.S. Patent
No.4,313,124. The structure of the recording head may be as shown in U.S.
PatentNos. 4,558,333 and 4,459,600 wherein 20  the heating portion is
disposed ata bent portion in addition to the structure of the combination
of the ejection outlet, liquid passage and the electrothermal transducer as
disclosed in the above-mentioned patents. In ad- dition, the present
invention is applicable to the structure disclosed in Japanese Laid-Open
Patent Application Publication No. 123670/1984 wherein a common slit is
used as the ejection outlet for plural electrothermal transducers, and to
the structure disclosed in Japanese Laid-Open Patent Application No.
138461/1984 25  wherein an opening for absorbing pressure wave of the
thermal energy is formed corresponding to the ejecting portion. This is
because, the present invention is effective to perform the recording
operation with certainty and at high efficiency irrespective of the type of
the recording head. The present invention is effectively applicable to a
so-called full-line type recording head having a length corresponding to
the maximum recording width. Such a recording head may comprise a single
recording head 30  and a plural recording head combined to cover the entire
width. In addition, the present invention is applicable to a serial type
recording head wherein the recording head is fixed on the main assembly, to
a replaceable chip type recording head which is connected electrically with
the main apparatus and can be supplied with the ink by being mounted in the
main assembly, or to a cartridge type recording head having an integral ink
container. 35      The provision of the recovery means and the auxiliary
means forthe preliminary operation are preferable, because they can further
stabilize the effect of the present invention. As for such means, there are
capping meansforthe recording head, cleaning means therefor, pressing
orsucking means, preliminary heating means by the ejection electrothermal
transducer or by a combination of the ejection electrothermal transducer
and additional heating element and means for preliminary ejection not for
the recording operation, which can sta- 40  bilize the recording operation.
As regards the kinds of the recording head mountable, it may be a single
corresponding to a single color ink, or may be plural corresponding to the
plurality of ink materials having different recording coloror density. The
present invention Is effectively applicable to an apparatus having at least
one of a monochromatic mode mainly with black and a multi-color with
different color Ink materials and a full-color mode by the mixture of 45
the colors which may be an integrally formed recording unit or a
combination of plural recording heads. Furthermore, in the foregoing
embodiment, the ink has been liquid. It may be, however, an ink material
solidified atthe room temperatureorbelowand liquefied atthe room
temperature. Since in the inkjet recording system, the ink Is controlled
within the temperature not less than 30[err]C and not more than 70[err]C to
stabilize the viscosity of the ink to provide the stabilized ejection, In
usual recording apparatus of this type, the ink such 50  that it is liquid
within the temperature range when the recording signal is applied. In
addition, the temperature rise due to the thermal energy is positively
prevented by consuming it for the state change of the Inkfrom the sold
state to the liquid state, or the ink material is solidified when It is
left is used to prevent the evaporation of the ink. In either of the cases,
the application of the recording signal producing thermal energy, the ink
may be liquefied, and the liquefied ink may be ejected. The ink may startto
be solidified at the time when it reaches 55  the recording material. The
present invention is applicable to such an ink material as is liquefied by
the appli- cation of the thermal energy. Such an ink material may be
retained as a liquid or solid material on through holes or recesses formed
in a porous sheet as disclosed in Japanese Laid-Open Patent Application No.
56847/1979 and Japanese Laid-Open Patent Application No. 71260/1985. The
sheet is faced to the electro- thermal transducers. The most effective one
for the ink materials disclosed above Is the film boiling system. 18    EP
0 442 438 B1 The ink jet recording apparatus may be used as an output
terminal of an information processing apparatus such as computer or the
like, a copying apparatus combined with an image reader or the like, or a
facsimile machine having information sending and receiving functions. 5
According to the present invention, at least one side of the four sides of
the orifice plates are not bonded with the front seal plate, and therefore,
even if the front seal is influenced by the difference in the thermal
expansions of various elements, the force applied to the orifice plate can
be significantly reduced, and the deformation or the crack production of
the orifice plate of the top plate can be prevented. Therefore, the cause
of the print quality degrading can be removed, and therefore, the ink jet
recording 10  head cartridge and an ink jet recording apparatus using the
same can be provided which can produce high 



quality print reliably under various conditions. While the invention has
been described with reference to the structures disclosed herein, it is not
confined to the details set forth and this application is intended to cover
such modifications or changes as may come within the purposes of the
improvements or the scope of the following claims. 15      An inkjet
recording apparatus comprising, timer means for measring an elapse time
from a predetermined measurement start timing, a backup powersource for
supplying power to said timer means when a main power source is turned off,
and control means for changing a content and/or the number of times of a
recover oper- ation for recovering and preventing a discharge error in a
discharge port for discharging an ink on the basis of the elapse time. 20
Claims 1. An ink jet recording apparatus comprising: 25            timer
means (31) for measuring an elapse time from a predetermined measurement
start timing, and control means (30) for conducting a recover operation for
recovering and preventing a discharge error in a discharge port (12) for
discharging an ink on the basis of the elapse time; characterized in that
30            a backup powersource is provided forsupplying powerto said
timer means (31) when a main power source (38) is turned off, and said
control means (30) is adapted to change the contents and/or the number of
times of said re- cover operation on the basis of said elapse time. 35  2.
An apparatus according to claim 1, wherein said control means performs the
recoveroperation when said main power source (38) is turned on. 3.  An
apparatus according to claim 1, wherein said control means (30) performs
the recover operation when a recording operation is started. 4.  An
apparatus according to claim 1, wherein the recover operation is a
preliminary discharge operation for discharging an ink which is not
directly involved in recording. 5. An apparatus according to claim 1,
wherein the recover operation is a suction operation for drawing an ink
from said discharge port (12) via a cap in a state wherein said discharge
port is covered with said 45       cap. 6. An apparatus according to claim
1, wherein the recover operation Is a compression operation for com-
pressing an ink in a passage communicating with the discharge port (12),
and forcing the discharge port to discharge an ink. 50 7. An apparatus
according to claim 1, wherein the recover operation Is a wiping operation
for wiping said discharge port and a portion therearound using a blade. 8.
An apparatus according to claim 1, wherein the predetermined measurement
start timing is a predeter- 55       mined timing associated with a
previous recover operation. 9. An apparatus according to claim 1, wherein
the predetermined measurement start timing is a predeter- mined timing
associated with a previous recording operation. 19    EP 0 442 438 B1 The
Inkjet recording apparatus may be used as an output terminal of an
information processing apparatus such as computer or the like, a copying
apparatus combined with an image reader or the like, or a facsimile machine
having information sending and receiving functions. 5      According to the
present invention, at least one side of the four sides of the orifice
plates are not bonded with the front seal plate, and therefore, even if the
front seal is influenced by the difference in the thermal expansions of
various elements, the force applied to the orifice plate can be
significantly reduced, and the deformation or the crack production of the
orifice plate of the top plate can be prevented. Therefore, the cause of
the print quality degrading can be removed, and therefore, the ink jet
recording 10  head cartridge and an ink jet recording apparatus using the
same can be provided which can produce high quality print reliably under
various conditions. While the invention has been described with reference
to the structures disclosed herein, it is not confined to the details set
forth and this application is Intended to cover such modifications or
changes as may come within the purposes of the improvements or the scope of
the following claims. 15      An inkjetrecording apparatus comprising,
timermeans formeasring an elapse time from a predetermined 



measurementstarttiming, a backup powersource for supplying powerto said
timermeans when a main power source is turned off, and control means for
changing a content and/or the number of times of a recover oper- ation for
recovering and preventing a discharge error in a discharge port for
discharging an ink on the basis of the elapse time. 20 Claims 1. An ink jet
recording apparatus comprising: 25           timer means (31) for measuring
an elapse time from a predetermined measurement start timing, and control
means (30) for conducting a recover operation for recovering and preventing
a discharge error in a discharge port (12) for discharging an ink on the
basis of the elapse time; characterized In that 30            a backup
powersource is provided forsupplying powertosaid timermeans (31) when a
main power source (38) is turned off, and said control means (30) is
adapted to change the contents and/or the number of times of said re- cover
operation on the basis of said elapse time. 35  2. An apparatus according
to claim 1, wherein said control means performs the recoveroperation when
said main power source (38) is turned on. 3. An apparatus according to
claim 1, wherein said control means (30) performs the recover operation
when a recording operation is started. 40 4. An apparatus according to
claim 1, wherein the recover operation is a preliminary discharge operation
for discharging an ink which is not directly involved in recording. 5. An
apparatus according to claim 1, wherein the recover operation is a suction
operation for drawing an Ink from said discharge port (12) via a cap in a
state wherein said discharge port is covered with said cap. 6. An apparatus
according to claim 1, wherein the recover operation is a compression
operation for com- pressing an ink in a passage communicating with the
discharge port (12), and forcing the discharge port to discharge an ink. 50
7. An apparatus according to claim 1, wherein the recover operation is a
wiping operation for wiping said discharge port and a portion therearound
using a blade. 8. An apparatus according to claim 1, wherein the
predetermined measurement start timing is a predeter- 55       mined timing
associated with a previous recover operation. 9. An apparatus according to
claim 1, wherein the predetermined measurement start timing is a predeter-
mined timing associated with a previous recording operation. 19    EP 0 442
438 B1 10. An apparatus according to claim 1, wherein the predetermined
measurement start timing is a previous power-off timing. 5   11. An
apparatus according to claim 1, wherein said backup power source comprises
a battery. 12. An apparatus according to claim 1, wherein said backup power
source receives power from said main power source when said main power
source (38) is turned on. 10  13. An apparatus according to claim
1,furthercomprising an inkjet head having an electrothermal transducer for
generating heat energy utilized to cause film boiling of an ink so as to
discharge the Ink from said discharge port 14. An apparatus according to
claim 1, wherein said control means (30) comprises: a storage unit (302)
for storing a recover mode table (304) for determining a plurality of
recover modes having different contents and/or numbers of times of the
recover operations; a timer control unit (301) for, when said main
powersource is turned off, setting said timer means (31), and for, when
said main power source is turned on, reading a count value of said timer
means, and then resetting said timer means (31); and comparing means (303)
for looking up said recover mode table with reference to the count value 20
read by said timer control unit, and selecting a proper recover mode from
the plurality of recover modes, and wherein the recover operation is
performed in accordance with the recover mode selected by said 



comparing means. 25 15. An apparatus according to claim 14, wherein said
timer control unit resets said timer means upon com- pletion of the recover
operation. 16. An apparatus according to claim 1, wherein said control
means changes the contents and/or the number of times of the
recoveroperations on the basis of a temperature nearan Inkjet head having
said discharge 30      port, which changes according to an elapse of time
from the predetermined measurement start timing. 17. An apparatus according
to claim 16, wherein when the temperature near said ink jet head is high,
the recover operation is not performed. 35 PatentansprOche 1.
Tintenstrahlaufzeichnungsgerit, das sine Zeltgebereinrichtung (31) zum
Bemessen einer von elnem vorbestimmten Melanfangszelt- 40      punkt an
abgelaufenen Zeit und sine Steuereinrichtung (30) aufweist, die gemra der
abgelaufenen Zeit einen Regeneriervorgang fardas Regenerieren und das
Verhindern elnes fehlerhaften AusstoSes an elnerAusstoloffnung (13)fur den
TintenausstoM ausfihrt, dadurch gekennzelchnet, daB eine Hilfsstromquelle
vorgesehen ist, die der Zeltgebereinrichtung (31) Strom zuf;hrt, wenn eine
45      Hauptstromquelle (38) abgeschaltet ist, und die Steuereinrichtung
(30) dazu ausgelegt ist, den Inhalt und/oder die HAufigkeit des Regenerier-
vorgangs gemili der abgelaufenen Zeit zu indern. 2. GerAt nach Anspruch 1,
in dem die Stauereinrichtung den Regenerlervorgang ausfflhrt, wenn die
Haupt-. 50      stromquelle (38) eingeschaltet wird. 3.  Gernt nach
Anspruch 1, in dem die Steuereinrichtung (30)den Regeneriervorgang
ausfihrt, wenn ein Auf- zeichnungsvorgang eingeleltetwird. 4.  Gernt nach
Anspruch 1, In dem der Regeneriervorgang ein Vorweg-Ausstolvorgang fareinen
Tintenaus- 55      stoB ist, der nicht direkt eine Aufzeichnung betrifft.
5.  Gernt nach Anspruch 1, In dem der Regenerlervorgang ein Absaugvorgang
fOrdas Herausziehen von Tin- te aus der Ausstoloffnung (12) Ober sine
Abdeckung bei einem Zustand ist, be! dem die Ausstol~fflnung 20 1
!IfjBl IN JI Mllli II !I    EP 0 442 438 B1 durch die Abdeckung bedeckt
ist. 6. Gerat nach Anspruch 1, in dem der Regeneriervorgang sin
Kompressionsvorgang fOr das Komprimisren s       von Tinte in elnem mit der
AusstolOffnung (12) in Verbindung stehenden Durchlam und zum zwangswei- sen
Ausstofen der Tint aus der Ausstoloffnung ist 7. Gerat nach Anspruch 1, in
dem der Regeneriervorgang sin Wischvorgang zum Abwischen der Ausstoll-
8ffnung und sines Bereichs um diese herum mit einer Klinge ist. 1 . Gerat
nach Anspruch 1, in dem der vorbestimmte MeBanfangszeitpunkt sin mit einem
vorangehenden Regeneriervorgang in Zusammenhang stehender vorbestimmter
Zeitpunkt ist 9.  Gerat nach Anspruch 1, in dem der vorbestimmte
Me~anfangszeitpunkt sin mit sinem vorangehenden Aufzeichnungsvorgang in
Zusammenhang stehender vorbestimmter Zeitpunkt ist. 15 10. Gerat nach
Anspruch 1, in dem dervorbestimmte Me~anfangszeitpunkt ein
vorangehenderAbschaltzeit- punkt ist. 11. Gerat nach Anspruch 1, in dem die
Hilfsstromquelle sine Battrie aufweist 20 12. GerAt nach Anspruch 1, in dem
die Hilfsstromquelle aus der Hauptstromquelle Strom aufnimmt, wenn die
Hauptstromquelle (38) eingeschaltet ist. 1& GerAt nach Anspruch 1, das
ferner einen Tintenstrahlkopf mit einem elektrothermischen Wandler zum 25
Erzeugen von Warmeenergie aufweist, die zum Verursachen sines Filmsiedens
elnerTinte genutzt wird, urn die Tints aus der Ausstoloffnung auszusto~en.
14. Gerat nach Anspruch 1, in dem die Steuereinrichtung (30) sine
Speichereinheit (302) zum Speichern siner Regenerierart-Tabelle (304) frir
das Bestimmen einerVieizahl von Regenenierarten mit unterschledlichen
Inhalten und/oder Hlufigkeiten der Regenerier- vorgAnge, eine
Zeltgebersbsuerelnheit (301), die dann, wenn die Hauptstromquelle
abgeschaltet wird, die 



Zeitgebereinrichtung (31) einstelit, und dann, wenn die Hauptstromquelle
singeschaltetwird, einen Zahl- wert der Zeitgebereinrichtung liest und dann
die Zeitgebereinrichtung (31) zurflckstellt, und eine Vergielchselnrichtung
(303) aufweist, die die Regenerierart-Tabelle bezuglich des durch die
Zeitgebersteuereinheit gelesenen Zahlwertes absucht und aus derViizahl von
Regenerlerarten sine ge- eignete Regenefierart wahit, wobei der
Regeneriervorgang entsprechend der durch die Vergieichseinrichtung
gewAhiten Rege- nerierart ausgefuhrt wird. 40  15. Gerat nach Anspruch 14,
in dem die Zeitgebersteuereinheit die Zeitgebereinrichtung auf den Abschlug
des Regenefiervorgangs hin rucksetzt. 16. Gerat nach Anspruch 1, in dem die
Stbuereinrichtung den Inhalt und/oder die Haufigkeit der Regenerier-
vorgange gemAP einersich entsprechend dem Ablauf derZeltvon dem
vorbestimmten Melanfangszelt- 45      punkt an andernden Temperatur nahe an
einem Tintenstrahikopf mit der Ausstoloffnung verindert 17. Gerat nach
Anspruch 16, in dem dann, wenn die Temperatur nahe an dem Tintenstrahikopf
hoch ist, der Regeneriervorgang nicht ausgefflhrt wird. 50 Revendications
1. Appareil d'enregistrement par jet d'encre comportant: un moyen A horloge
(31) destin6 A mesurer un temps 6couIl depuis un temps pred6termin6 de 55
d6but de mesurs, et un moyen de commands (30) destin6 A mener une op6ration
de restauration pour restaurer et em- picher une erreur de decharge dans un
orifice (12) de d6charge pour decharger une encre sur la base du temps
6coul6; caracteris6 en ce que 21 *C   L  M S*    EP 0 442 438 B1 une source
d'energie de socours est prevue pour fournir de l'energie audit moyen A
horloge (31) lorsqu'une source d'energie principals (38) eat mise hors
circuit, et ledit moyen de commando (30) eat concu pour modifier le contenu
etlou le nombre de fois qu'est 5       offectueo ladite op6ration de
restauration sur la base dudit temps ecoul6. 2. Appareil solon la
revendication 1, dans lequel ledit moyen de commando effectue l'op6ration
de restau- ration lorsque ladito source d'energie principalo (38) eat en
circuit. 10  3. Appareil solon la revendication 1, dans lequel ledit moyen
de commando (30) effectue l'opiration de res- tauration au debut d'une
op6ration d'enregistrement. 4. Appareil solon la revendlcation 1, dans
lequel l'op6ration de restauration eat une op6ration de d6charge
pr6liminalre pour decharger une encre qul n'est pas directoment impliqu6e
dans i'enregistrement. 15  S. Appareil solon la revendication 1, dans
lequel l'op6ration de restauration eat une op6ration de succion pour
aspirer une oncre dopuis ledit orifice de decharge (12) par l'intbrm6diaire
d'une coiffe dans un 6tat dans lequol ledit orifice de decharge eat
recouvert par ladito coiffe. 6. ApparelI selon la revendication 1, dans
lequel l'op6ration de restauratlon eat uno operation do compres- 20
sion pourcomprimorune oncre dans un passage communiquantavoc I'orifice (12)
de d6charge etobliger l'orifice do dhcharge A decharger de l'oncre. 7.
Appareil solon la revendication 1, dans lequel l'operation de restauration
eat une operation d'essuyage pour essuyer led it orifice de d6charge et une
partie l'entourant au moyen d'uno lame. 25 8. Appareil solon la
revendication 1, dans lequel le temps pr6dhtermin6 do debut de mesure eat
un temps pr6dtebrmin6 associe a une operation do restauration prec6dentb.
9. Appareil solon la revondication 1, dans loquel le temps pr6determin6 de
d6but de mesure eat un temps 30      pred6termin6 assocI6 A une op6ration
d'enregistrement prec6dentb. 10. Apparoil salon la revondication 1, dans
loquol le temps pr6d6tormin6 de debut do mesure eat un temps d'arret
d'alimentation prec6dent 11. Apparoll selon la revendication 1, dans lequel
laditb source d'6norgie de secours comprend une battbrie. 35 12. Appareil
solon la revendication 1, dans loquol ladite source d'energio do secours
recoit de l'energie de ladite source d'6nergie principalse loraque ladibt
source d'energie principal (38) eat en circuit. 13. Appareil solon la
revendication 1, comportant en outre une toe a jet d'encro ayant un
transductour Mao- 



40      trothermique destin6 A generer de 'onergie thermique utilishe pour
faire bouillir un film d'encre afin de dochargor l'encro dudit orifice de
decharge. 14. Appareil solon la revendlcation 1, dans lequel ledit moyon
(30) de commando comports: uno unite (302) de stockage destin6e a stocker
uno table (304) do mode de restauration pour de- 45     btrminer plusieurs
modes de restauration ayant differents contenus ot/ou differents nombre de
fobis quo sont effectu6es lea operations do restauration; une unlte (301)
do commando d'horlogo destin6e A positionnor ledit moyen A horloge (31)
lorsque ladite source principals eat hors-circuit, et A lire une valeur de
comptage dudit moyen A horloge loraque ladite source d'energie principal
eat mise on circuit, puls A remettre a l'etat initial ledit moyen A horloge
50      (31);et un moyon de comparalson (303) destine A consulter ladite
table de modes de restauration en re- f6rence A la valeur de comptago iuo
par laditb unite do commando d'horloge, et A selectionner un mods de
restauration approprie parmi lea divers modes de restauration, et dans
loquel l'op6ration do restauration eat ex6cut6e conformement au mode de
restauration se- 55      lectionne par ledit moyen de comparaison. 15.
Appareil solon la revendication 14, dans iequal laditb unite de commando
d'horloge remet a l'tat initial ledit moyen A horloge A la fin de
l'operation de restauration. 22 1   11111  1111111111111    EP 0 442 438 B1
16. Appareil solon la revendication 1, dans lequel ledit moyen de commando
modifie Is contenu et/ou le nom- bra de tfis quo sont offectu6es les
op6rations de restauration sur la base d'une temperature proche d'une tOte
A jet d'encre pr6sentant ledit orifice de decharge, loquel change en
fonction du temps 6coul A partir 5       du temps predetermine de debut de
mesure. 17. Appareil salon la revendication 16, dans lequel, lorsque la
tamperature A proximite de laditb tits A jet d'encre est haute, I'opration
de restauration n'est pas effectuee. 10 15 20 25 30 35 40 45 50 55 23
I1111IIID 111 Hll11  IIIIU   1    


