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1 . Method for Judging Discharge State of
Ink Jet Recording Head, and Ink Jet

Recording Apparatus Utilizing the Same

5 BACKGROUND OF THE INVENTION -

Field of the Invention . =

The present invention relates to an ink jet
recording apparatus adapted for use in a printeg,
a facsimile, a word processor, a copying machine or
10 the like, and more particularly to a method for
detecting the temperature characteristics of an ink
jet recording heéd and judging the discharge state

' thereof.

Related Background Art

15 Recording apparatus for recording on a
recording medium such as paper or é sheet for
overhead projector have been commercialized in the
form employing a recording head of various recording
methods. Such recording head is known, for example,

20 in the wire dot method,-the thermal method, the
thermal transfer method or the ink jet method.
Particularly the ink jet method is attracting
attention as a quiet recording method of a low
running cost, since the ink is directly discharged

25 onto the.regording medium.

In such ink jet recording apparatus, an ink

tank containing ink is connected to the recordlng
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.Jecording apparatus adapted for use in a printer, a facsinmle, a word

processor,

met hod for

a copying machine or 10 the like, and nore particularly to a

detecting the tenperature characteristics of an ink

jet recording head and judging the discharge state t her eof .

Rel at ed Background Art 15 Regordi ng apparatus for recording on a
recordi ng medi um such as paper or a shéet for over head projector have
been conmmercialized in the form enpl oying a recordi ng head of various

recordi ng
1

10

15

20

25

‘path by the observation of the user or by & - - - oommm ey

met hods. Such recording head is known, for exanple,
head through an ink supply pipe, and the ink is

supplied from such ink tgnk. Said ink tank may be
formed as an ink cartridge which is separate from the
recording head and is replaceably mounted in the
recording apparatus, or as an integral unit with the
recording head, thch is integrally replaceably’ T
mounted in the recording apparatus.

In such ink jet recording apparatus, if-the
ink supply is interrupted because of the exhaustion
of ink, the ink discharge becomes no longer possible
so that the recording abiligy is lost. In order to
avoid such situation, there has been commercialized
the recording apparatus with a function of detecting
the remaining ink dmount, thus generating an alarm
signal or requesting the replacement of the ink tank,
according to the amount of consumétion of ink.

For detecting the remaining ink amount, .there

has been proposed a method of counting the pulse

signals supplied for ink discharge and thereby
calculating the amount of ink consumption, a method
of inspecting the change in the resistance of ink
itself or of a member holding the ink, a method of
detecting the weight change of the ink tank, or a
method of forming a transparent area in an ink path
in the ink tank or in the recording head and

inspecting the presence or absence of ink in said ink

b
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20 im the wwre dot nmethod, the thermal nmethod, the thermal transfer

nmet hod or the ink jet nethod. Particularly the ink jet nmethod is
attracting attention as a quiet recording nmethod of a | ow runni ng
cost, since the ink is directly discharged 25 onto the recording nedi um
I'n such ink jet recording apparatus, an,ink tank containing ink is

connected to the recording

1 photosensor.

In the above-mentioned method utilizing the
count of the ink discharge pulse signals, the
remaining ink amount is detected by calculating the

5 ink amount used in recording, from the product of the~ -
number of-appliéd pulses and the amount of discharge =~
per ink droplet discharged by a pulse.

Also the method of remaining amount déiection
by inspecting the resistance of ink etc. utilizes

10 a fact that ordinary ink has a certain-specific
resistance due to the presence of water and other
conductive substances therein, measures the
resistance of the ink or the member holding the ink
by means of & pair of electrodes provided for example

15 in the ink tank, and detects the remaining ink amount

- based on a fact that the resistaﬁce between said
electrodes is correlated with the remaining ink
amount.

Also the method utilizing the weight change

20 of the ink tank relies on the change of force applied
to a spring provided in a member for mounting the ink
tank, resulting from ink consumption, and detects the
remaining ink amount by activating an electrical
contact by the deformation of said spring.

25 However, such conventional methods as

explained above have been associated with the

following drawbacks. o T o
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-2- 1 head t hrough an ink supply pipe, and the ink is suppl i ed
fromsuch ink tank. Said ink tank may be formed as an ink cartridge
which is separate fromthe recordi ng head and is repl aceably nounted
inthe 5 recordi ng apparatus, or as an integral unit with the

recordi ng head, which is integrally rgplageably nmounted in the
recordi ng appar at us. In such ink jet recording apparatus, if
t he ink supply is interrupted because of the exhaustion 10 of i nk,
the ink di scharge becones no | onger possible

! The limit remaining amount, at which the
recordiné operation becomes impossible, detected by
the above-mentioned methods, is influenced for
example by the unit-to-unit fluctuation of the

5 recording head in manufacture, and is not highly
reliable, -so thét the recording operation may be o
disabled immediate;y after the warning for such.limit
remaining amount or may still be properly cond;cted
even after such warning. According to the

10 experiments of the present-inventors, such drawbacks
is particularly conspicuous in case ink is held in
the ink tank by means of an-ink holding member such
as sponge.

Besides thé amount ‘of ink droplet discharge

15 per pulse is influenced not only by the unit-to-unit
fluctuation of the recording head'but.also by the
ambient temperature, so that the exact calculation
of the amount of ink consumption is difficult.
Furthermore, the detection by visual inspection or

20 by photosensor has been unable to provide sufficient
accuracy..

Furthermore, the configuration becomes
complex by the presence of the detection members such
as the spring or the photosensor, or the presence of

25 the transparent area, fof the detection of the

remaining ink amount.

——— " Furthermore, the above-mentioned conventional
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so that the recording ability is lost. In order to avoi d such

situation, there has been comercialized t he redmsﬂwﬂ afPRARIMSG W t

a function of detecting t he remai ni ng ink anDunt ng an
alarm 15 signal or requesting the replacenent of th ML
according to the amount of consunption Lof_ink.

the remai ning i nk anount, there hdas been proposed a net hod of countlng
the pul se signals supplied for ink discharge and thereby 20

cal cul ating the amount of ink consunption, a nmethod of inspecting the

change i n,the feagicdANGhAigd Weing cddaifld ¥ ftextBiPand 0l ding the ink,
a met hod of
disabled recording state resulting from the
interruption of ink supply caused by the ink
exhaustion, are unable to detect the disabled
5 recording state that may occur before the complete
exhaustion-of.ink. Such disabled recording state’ T
before the ink exhaustion may be caused, for example,
by bubble formation, by air intrusion, in the ihk
path between the ink tank and the recording head,
10 or by interruption of ink.supply due to generation
or growth of a remaining bqule in a recording head
designed to generate a bubbie for ink discharge, or
by destruction of meniscus at the ink discharge
opening due to vibration applied to the recording
15 apparatus or the recording head, thereby causing the
liquid to flow into the nozzle of-the recording heéd

from said ink discharge opening.

SUMMARY OF THE INVENTION

20 In consideration of the foregoing, the
principal object of the present invention is to
provide an ink jet recording apparatus capable of
detecting the temperature characteristics for each
recording head and of effecting high precise

25 detection of the ink discharge state based on thus
detected temperature characteristics. Another object

of the present invention is to provide a method for W



.detecting the weight change of the ink tank, or a " ““met hod of form ng a

transparent area in an ink path 25 in the sipks &agkaOBech Refld@ recordi ng
head and i nspecting the presence or absenc d ink

path by the observation of the user or by a

- 3- 1 phot osensor . -

[ ol

detecting the temperature characteristics of the ink

jet recording head, and a method for judging the

ink discharge state of the ink jet recording head.

The foregoing objects can be attained,

5 according to the present invention, by an ink jet
recording apparafus for effecting recording by o
discharging ink from a discharge opening onto a
recording medium, comprising an electrothermal )
converter provided in said recording head:

10 temperature detection means for detecting the
temperature of said recordiqg head; and temperatufe
characteristic detection meaﬁs for apﬁlying a
predetermined energy to said electrothermal
converter, detectiiig the temperature change of said T

15 recording head resulting from said energy application
by means of said temperature deteétion means and
detecting the temperature characteristics of said
recording head based on the result of said detection.

Also according to the present invention,

20 there is provided an ink jet recording apparatus for
effecting recording by means of a recording head
capable of discharging ink from a discharge opening
onto a recording medium, comprising input means for
enabling the operator to instruct the execution of

25 detection of the ink discharge state of said

recording head, and ink discharge state detection

means for causing said recording head to discharge



.I'n the above-nentioned nethod utilizing the count -of-the 1nk-*““
di scharge pul se signals, the remai ni ng i nk anount |

X laced
calculating the 5 i nk amount used in recording, from 1.9§1e§?1tﬁ} IH'WC%

‘number of applied pul ses and the anount of discharge

di scharged by a pul se. _Ayso the nethod of re

detection by inspecting the resistance of ink etc. utilizes :
fact that ordinary ink has a certain specific resi stance due to the
presence of water and ot her conductive substances therein, measures

t he 1 resimsk a® Mdtédeingkeid & b@rdmspeinbd idkhtde tidreot,
in response to the instruction of the operator
through said input means.

Also according to the present invention,
5 there is provided an ink jet recording apparatus for
effecting recording by means of a recording head T
capable of discharging ink from a discharge opening
onto a recording medium, comprising ink dischaéée
state detection means for detecting the ink discharge
10 state of said recording head, and control means for
controlling said ink dischagge state detection means,
in case defective ink dischérge from said recording
head is detected by said means, thereby causing said
means to again detect the ink discharge state.

15 Also according to the present invention,

there is provided an ink jet recofding apparatus for
effecting recording-by means of a recording head
capable of discharging ink from a discharge opening
onto a recording medium, comprising an electrothermal

20 converter provided in said recording head;

temperature detection means for detecting the
temperature in the vicinity of said recording head:
and judging means for judging the ink discharge state
of said recording head, through comparison of the

25 temperature characteristics of said recording head

determined by the temperature change in the vicinity

of said recording head in response to a predetermined

1,
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by neans of a pair of electrodes provided for exanple ié'mmrﬁmfﬁé I nk

tank, and detects the remaining i nk anmount 1 n edt hat t he
resi stance between said el ectrodes is correl “ remai ni ng
i ght change

1 nk anmount . Al so the nethod u

20 of the ink tank relies on the cpaggg of force applied to a
spring provided in a nenber for nountihg the ink tank, resulting from
i nk consunption, and detects the remai ni ng i nk anount by activating
an el ectrical contact by the deformation of said spring. 25

However, puchegepygnbppndéa "Bé NP8Sa 8dlectrothermal converter and
the temperature detected by said temperature
detection means.

Also according to the present invention,
S there is provided an ink jet recording apparatus for '~
effecting recording by means of a recording head =T
capable of discharging ink from a discharge opening
onto a recording medium, comprising ink dischaf;e
state detection means for detecting the ink discharge

10 state of said recording head, and memory means for

“étoring, in case said ink di§charge state detection
means detects defective ink &ischarge from said
recording head, the recording data at least since the
latest detection of the satisfactory ink discharge

15 state.

Also according to the preéent invention,
there is provided a method for detecting the
temperature characteristics of an ink jet recording
head, comprising steps gf applying a predetermined

20 . energy to an electrothermal converter provided in the

recording head for effecting recording by discharging
ink from a discharge opening onto a recording medium,
detecting the temperature change in said ;ecording
head resulting from sa;d energy application, and,

25 based on said detection, detecting the temperature

characteristics of said recording head.

Also according to the present invention, S 7



. expl ai ned above have been associated with the fol Tow ng drawbacks.

-4- The limt remaining anount, at VihisGheet B8 Been Replaced
recordi ng operation becones inpossible, detected by
above- nentioned net hods, is influenced for exa

unit-to-unit fluctuation of the _ 9 -

A there is provided a method for judging the discharge

| state of an ink jet recording head, which comprises
judging the ink discharge- state of said recording
head, based on the result of detection of the

5 temperature characteristics according to the above-
mentioned method.

According to the configuration of the preséent
invention, in an ink jet recording apparatus fo;
effecting recording by means of a recording head

10 capable of discharging ink from a discharge opening
onto a recording medium, a predetermined energy is
applied to an electrothermal converter provided in
said recording head, then the temperature change of
said recording head resulting from said energy

15 application is detected by said temperature detection
means, and, based on the result of.said detection,
the temperature characteristic detection means
detects the temperature characteristics of said
recording head.

20 Also based on the result of detection of the
temperature characteristics of the recording head
obtained by said temperature characteristic detection
means, the judging means judges the ink discharge
state of said recording head.

25

.BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic perspective view of an



5 recording head in manufacture, and is not highly L i@
that the recording operation nay be di sabl ed i mmd’{.hlsghﬁg‘lm]% '?R ed
nts

warning for such limt remai ni ng anount or nay sti

conduct ed even after such warning. According to the

of the present inventors, such drawhacis _ Is particularly consplcuous
in case ink is held in the ink tank by nmeans of an ink hol ding nenber
such as sponge. Besi des the anount of ink dropl et

di scharge 15 per pulse is influenced not only by the unit-to-unit
fluctuati gn ofnk hiet ecar i idgdiant] the mtegelhy ihention;

Fig. 2 is an exploded perspective view of an
ink jet cartridge of the .present invention;
Figs. 3A, 3B and 3C are schematic views of
5' a recording part of the ink jet cartridge shown in c.
Fig. 2; - ._': ' P
Fig. 4 is a schematic perspective view of an
ink jet recording apparatus of the present invéhtion:
Fig. 5 is a block diagram of an ink jet
10 recording apparatus constituting a lst embodiment:
Fig. 6 is a chart showing the temperature
change in the vicinity of a heater board in case an
electrical energy is applied to a discharge heater:
Figs. -7A and 7B are charts showing the amount
15 of temperature change in the vicinity'of the heater
board in the course of applicatioﬁ of a predetermined
energy to the discharge heater:
Figs. 8A and 8B are charts showing an
example of ink discharge and non-discharge conditions
20 for the electrical eneréy in the present invention;
Fig. 9 is a chart showing temperature changes
in the vicinity of the heater board in case two
electrical energies of ink discharge condition and
ink non-discharge condition are applied té the
25 discharge heater:
Fig. 10 is a chart showing constants obtained

in case two electrical energies of ink discharge

wy



anbi ent tenperature, so that the exact cal cul ation of the amount of

I nk consunption is difficult. Furthernore, the detection by visua

i nspection or 20 by photosensor has been unable to provide sufficient
accuracy. . ‘ Furthernore, the configuration becones

conpl ex by the presence of the detectiLopjnenbers such as the spring or
t he phot osensor, or the presence of 25 the transparent area, for the
detection of the remai ni ng i nk anount . Furt hernore, the

above-nenti oned conventi onal
1 condition and ink non-discharge condition are applied

to the discharge heater;

Fig. 11 is a flow chart showing a first

method of detecting the ink discharge state described
5 in the first embodiment;

Fig. ;Zlis a flow chart showing a second -
method of detecting the ink discharge state described
in the first embodiment:; i

Fig. 13 is a flow chart showing a third

10 method of detecting the ink discharge state described
in the first embodiment;

Fig. 14 is a flow chart showing a method for
moving the recording head to a position opposed to
a cap, described in the ‘first embodiment.

15 Figs, 1SA and 15B are views showing the
structure and the principle of ink discharge of a
recording head employing a piezoelectric device;

Fig. 16 is a chart showing the temperature
change in the vicinity of the heater board during

20 and after the application of an electrical energy
to the discharge heater:;

Fig. 17 is a chart showing the relationship
between the ambient temperature and the discharged
ink amount; |

25 Fig. 18 is a schematic view of a recording
head provided with a plurality of temperature

sensors; - S e
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. -5- - 1 nethods, though being capable of detecting the di sabl ed
recording state resulting fromthe I nterruption of ink supply caused
by the ink This Sheet HaslBRbIStpREEs are unable to detect the disabled 5

recordi ng st ccur before the conplete exhaustion of ink
Such disabl e ﬂate _bghore the ink exhaustion may be

caused, for exanp

1 Fig} 19 is a flow chart showing an example
of detection of the ink discharge state in a
recording head provided with plural temperature
sSensors;
5 Fig. 20 is a block diagram of the control
system of a regoﬁding apparatus constituting a sixth --—
embodiment;
Fig. 21 is a flow chart showing the set%ing
of variable timing of detection of the ink discharge
10 state;
Fig. 22 is a block diagram of the control
system of a recording apparatus constituting a
seventh embodiment:
Fig. 23 is a flow chart showing the repeated T
15 detection of the ink discharge state and steps before
said repeated detection; and -
Fig. 24 is a flow chart showing the function
of a recording apparatus capable of re-recording,

constituting a seventh embodiment.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now the present invention will be clarified
in detail by preferred embodiments thereof shown in
the attached drawings. |
25 Fig. 1 is a perspective view of a head

cartridge 3 integrally composed of a recording head

1 and an ink tank 2, in which the present invention



by bubble formation, by air intrusion, in the ink RaL 5,
ink tank and the recording head, 10 or by interruption ' iﬁﬁ%a% aeceue

to generation or growth of a remaining bubble in ar

designed to generate a bubble for ink discharge, or of
meni scus at the ink discharge opard ng due to vibration applied to the
recording 15 apparatus or the recording head, thereby causing the

liquid to flowinto the nozzle of the recordi ng head fromsaid ink

di schar ge openi ng. SUMVARY OF THE | NVENTI ON

‘1 is applicable, and Fig. 2 is an exploded perspective
view of the head cartridge 3, wherein shown are a
heater board 110 provided with plural discharge
heaters formed in an array on a Si substrate and
5 electrical wirings for supplying electric power f-
thereto; a grqp#éd cover plate 140 integrally - bl
provided with plural nozzles, an orifice platellgl
having discharge openings corresponding theretg, and
a common liquid chamber for containing ink for supply
10 to said nozzles; a wiring board 120 which is
connected at an end to the heater board 110 for
.example by wire bonding and is provided at the other
end with pads 121 for receiving electrical signals
from the main-body-of the recording apparatus; and a T
15 metal base plate 130 on which said wiring board 120
and said heater board 110 are adhéred for example
with an adhesive material.
The heater board 110 and the grooved cover
plate 140 are fixed to the base plate 130, by
20 pinching said heater bo;rd 110 and the groovéd cover
plate 140 with a press spring 150 and engaging the
leg portion thereof with a hole 131 in the base plate
130. An ink supply member 160 is provided with an
ink supply pipe 161 and an ink pipe 162 cénnected
25 thereto. The ink supply pipe 161 is connected to an

ink supply hole 101 of an ink tank 100, while the ink

pipe 162 is connected to an ink receiving hole 142 of

P
4



20
t he present
capabl e of

In consideration of the foregoing,'the princi pal object of
I nvention is to ‘provide an ink jet recordi ng apparatus

detecting the tenperature characteristics for each

recordi ng head and of effecting high precise 25 detection of the ink
di scharge state based on thus detected- tenperature characteristics.

Anot her obj ect

1

10

15

20

25

of the present invention is to provide a nethod for

the grooved cover plate 140, whereby there is formed
an ink path from the ink tank 100 to the discharge
openings of the orifice. plate 141.

Fig. 3A shows the details of said heater
board 110, and Fig. 3B is a partially cut off
perspective vieﬁ thereof. There is shown an array Sl
111 of discharge heaters 1llla, provided respectively
corresponding to nozzles, communicating with Eﬁe
discharge openings of the orifice plate 141. By
applying a voltage to said array 111 of the discharge
heaters, the ink in the nozzles obtains thermal
energy and is discharged as droplets from the
discharge openings of the orifice plate 141, to
effect the recording operation. Heaters 1ll2a, 112b R
for temperature regulation can heat the vicinity of
the heater board 110. Temperatufe sensors 1l3a,
113b, which can be formed by the semiconductor film
forming technology iﬁ_a similar manner as the heater
array 111 and the heaters 112a, 112b and
simultaneously therewith, can detect the temperature
in the vicinity of the heater array 111.

Hatched areas indicate the connecting
portions with the grooved cover plate 140. Each of
the discharge heaters constituting the agray 111 is
an electrothermal converter of a resistance of 120 @,
capable of providing an energy of about 3 W with a

driving voltage of 19 V. Also each of the heaters
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.- 6- detecting the tenperature characteristics fﬂeﬁ@? '”k j et
recordi ng head, and a nethod for Judglng t he I nk fagedof
the ink jet recordlng head. The foregoing e
attai ned, 5 according to the present I nventi on,-. by

recordi ng apparatus for effecting reeod8li Ag by di scharging ink froma

di scharge opening onto a
el ect r ot her mal

recordi ng nmedi um conprising an
converter provided in said recording head; 10

tenperaturf detection _nmeans for detecting the

-

10

15

20

25

112a, 112b, is composed of an electrothermal
converter of a resistance of 144 @, capable of
providing an eﬁergy of 4 W with a driving voltage of
24 V. Each of the temperature sensors 113a, 113b is

composed of a diode sensor, varying the output by

about 2.5 .mVv ng.one degree of temperature. o e

In the following there will be given an .-
explanation on the principle of ink discharge of the
recording head, adapted for use in the ink jet
recording apparatus of the present embodiment as
the recording means of the present invention.

The recording head, adapted for use in the
ink jet recording apparatus, is generally provided
with a fine liquid-discharging opening (orifice), a
liquid path, an energy action part provided in a
part of said liquid path, and enefgy generating means
for genmerating a droplet forming energy to be applied
to the liquid present in said energy action part, and
is rendered reﬁlaceable. Such energy generating
means can, for example,'be a mechanism utilizing an
electromechanical converter such as a piezoelectric
element, a mechanism in which an irradiating
electromagnetic wave such as a laser beam is absorbed
in liquid to generate heat therein and a aroplet is
discharged and is caused to fly by the action of heat
generation, or a mechanism in which liquid is heated

by an electrothermal converter to cause a droplet to



.tenmperature of said recording head; and tenperature“"5 characteristic

detection neans for applying a predeterm ned e gﬁ&xﬁgfﬁai laced

el ectrot her mal converter, detecting the tenpera ald

15 recording head resulting fromsaid energy applica ans of
said tenperature detection neans and- 16 - detecting

characteristics of said recordi ng head based on the result of sald
det ecti on. Al so according to the present invention, 20 there
is provided an ink jet recordi ng apparatus for effecting recording by
means of & r etk di ng head capabl e of discharging ink froma discharge
openi ng

Among these mechanisms, the recording head
of the ink jet recording utilizing the thermal energy
for liquid discharge is capable of recording with a
5 high resolving power, since the liquid discharging -
openings (erifgcés) for discharging recording liquid - -—
te form flying droplets can be arranged with a high
density. Besides, the recording head utilizingfthe
electrothermal converters as the energy generating
10 means can be formed in a compact structure, and can
also be easily formed as a long and flat or two-
dimensional configuration, fully exploiting the
advantages of the semiconductor technology and the
microworking technology, 'showing remarkable progress T
15 and improvement in reliability in recent vears. It
has therefore been rendered possiﬁle to provide an
ink jet recording head, which can be easily formed
in a configuration with multiple nozzles and with a
high density, and which_has satisfactory mass
20 producibility and a low.manufacturing cost.
Such ink jet recording head employing an
electrothérmal converter for the energy generating
means and produced with-a semiconductor manufacturing
process is generally provided with liquid'paths
25 respectively corresponding to ink discharge openings,
in which an electrothermal converter is provided in

each liquid path for applying thermal -energy to the



onto a recording nmedium conprising input nmeans for | enabling the
operator to instruct the execution of 25 detection of the ink discharge

state of said

recordi ng head, and ink discharge state detection

means for causing said recording head to di scharge

-7-

10

15

20

25

I nk and detecting the state7of ink discharge thereof,

liquid present in each liquid path thereby
discharging liquid from the corresponding ink
discharge opening and forming a flying droplet, and
in which the liquid is supplied to the liquid paths
from a common liguid chamber. With regard to the -
method for forﬁing the ink discharge part, the - -
present applicant has proposed, in the Japanese .
Patent Laid-Open Application No. 62-253457, a'hethod
of laminating, on a first substrate, a solid layer
for at least forming the liquid paths, a layer of a
material curable with actinic energy at least
utilized for forming the walls of the ligquid paths,
and a second substrate, then laminating a mask on
said second substrate, eéffecting irradiation with T
actinic energy ray from above said mask thereby
curing at least the walls of the.liquid paths in séid
curable material layer, and eliminating said solid
layer and the uncured portions of said curable
material layer from thg space between the two
substrates, thereby fofming at least the liquid
paths.

Fig. 3C is a schematic v%gw of the ink jet
recording head explained above. The recording head
1801 is composed of electrothermal conve?ters 1803,
electrodes 1804, liquid path walls 1805 and a cover
plate 1806, formed through a semiconductor

manufacturing process including the steps of etching,
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+in response to the instruction of the operator

nmeans. Tmsﬂwa}hsBmmRz ® according to the present invention, 5

is provid recordlng apparatus for ef fecting recordi ng by
‘means of mgﬂ @ H [ [ [

openi ng

th

t hr ough sai d I nput

ere

capabl e of discharging ink froma discharge

cordlng medi um jgoapri sing ink di scharge

detection neans for detecting the ink discharge 10 state of said
recordi ng head, and control neans for controlling said ink discharge

state detection neans,

recordi ngl

10

15

20

25

evapezdtisnjetpatedriingseid.means, thereby causing said
In such recor@ing head 1801, recording liquid

1812 is supplied from an unrepresented ligquid

reservoir to & common liquid chamber 1808 through a

liquid supply pipe 1807.

There is also provided a liquid supply pipe -

connector 1809. The recording liquid 1812 supplied
into the common liquid chamber 1808 is suppliea into
the liquid paths 1810 by the capillary action, and is
stably maintained at the ink discharge openings 1811
at the ends of the liquid paths, by meniscus
formation. A currernit supply to the electrothermal
converter 1803 heats the liquid present thereon,
thereby generating a bubblé by £ilm boiling
phenomenon, and a liquid droplet is discharged from
the ink discharge opening 1811 by.the growth of said
bubble. The above-explained configuration allows to
obtain an ink jet recording head of multiple liquid
paths, such as 128 or 250 liquid paths, with a high
liquid path density such as 16 path/mm.

Fig. 4 illustrates an example of the printer
unit of the ink jet recording apparatus of the present
embodiment. There are shown a head cartridge 201
including an ink jet recording head:; a cérriage 202
supporting the head cartridge 201 and effecting a
scanning motion in a direction S; a hook 203 for

mounting the head cartridge 201 onto the carriage 202:

in case defective ink discharge from said

i

state



means'to again detect the ink discharge state. 15 Al so accordi ng

to the present invention, there is provided an ink jet recording
apparat us for effectlng recordi ng by neans of a recording head
capabl e of di scharging ink froma discharge opening onto a recording
medi um conprising an electrothermal 2G¢ c£onverter provided in said
recordi ng head,; tenperature detection neans for detecting the
tenperature in the vicinity of said recording head; and judgi ng neans
for judging the ink discharge state of said recording head, through

conpari son lof tdheledEr 2@hpEnmataperaiiiargditer itsdalc 2008 saisbpwwor di ng head
plate 205 for supporting an electrical connecting part
for the head cartridge;.a flexible printed circuit
(FPC) 206 for connecting said electrical connecting
5 part and a control unit of the main body:; and a guide- -
shaft 207-inseffed in a bearing 208 of the carriage -
202, for guiding the same in a direction S.
A timing belt 209, connected to the cé}riage
202 for moving the same in the direction §, is
i0 supported by pulleys 210A, 210B positioned on both
-ends of the apparatus. A pulley 210B receives the
driving force from a carriage motor 211, through a
transmission mechanism such as gears. A transport
roller 212 serves to define theé recording face of the ~
15 recording medium such as paper, and to transport said
recording medium at the recordiné operation, and is
driven by a transport motor 213. There are also
- provided a paper pan 214 for guiding the recording
medium to the recording position, and pinch rollers
20 215 provided in the feeding path of the recording
medium for pressing the same to the transport roller
212 and for transporting the same.
There are further provided a platen 216
opposed to the discharge openings of thethead
25 cartridge 201 and serving to define the recording
face of the recording medium; discharge rollers 217

positioned at the downstream side of the recofding
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‘det ermi ned by the tenperature change in the vicinity of said recording
head in response to a predeterm ned

- 8- 1 energy applied to said electrothermal converter and t he
tenperature detected by said tenperature detecti on neans.

Al so according to the present inventioen20 -

1 position in the advancing direction of the recording
medium and serving to discharge the recording medium
toward an unrepresented discharge exit; spurs 218
positioned corresponding to the discharge rollers 217

5 and serving to press the discharge rollers 217 across - -
the-recording_médium, thereby generating the z
transporting force of the discharge rollers 217 on the
recording medium; and a releasing lever 219 for
releasing the biasing action of the pinch roller 215

10 and the spurs 218 for example at the setting of the

recording medium.

The platéen 216 is supported at both ends,
rotatably about the shaft of the discharge rollers 217;
and is biased from the stop poSition of the lateral )

15 plates 220 toward a front portion 221 of the paper pan

214. The transport roller 212 ié in contact, in
rlural portions 212A of a reduced diameter, with the
inside of the front portion 221 of said paper pan.

A cap 222, composed of an elastic material

20 such as rubber and so bositioned as to oppose to the

face containing the ink discharge openings of the
recording head at the home position, is so supports

as to be contacted to or separated from said recording
head. Said cap 222 is used for protéctiﬁg the

25 recording head in the non-recording state, or for the

discharge recovery operation for the recording head.

Such discharge recovery operation is conducted .
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.5  there is provided an ink jet recordi ng apparatus for effecting

recordi ng by nmeans of a recordi ng head capabl e of discharging ink
from a di scharge opening onto a recording medium conprising ink

di schar ge state detection nmeans for detecting the ink discharge 10
state of said recording head, and nenoryi neans for storing, in case
said ink discharge state detection nmeans detects defective ink

di scharge fromsaid recordi ng head, the recording data at |east since
t he | at est detection of the satisfactory ink discharge 15 state.

Al so accorli ngfep enampliesentpoésieienimg the cap 222 opposite to
said face containing the ink discharge openings and
activating the energy generating elements, provided in
the nozzles of the recording head for ink discharge,

S thereby discharging ink from all the discharge
openings and thﬁs eliminating bubbles and dusts which- —
are the cause of defective discharge or viscosified
ink unsuitable for recording {operation called_
preliminary discharge), or by covering said face

10 . containing the discharge openings with the cap 222 and
forcedly sucking the ink from all the discharge
openings with a suction pump, thereby eliminating the
cause of defective discharge. .

A pump 223 provides thé suction force for

15 forced discharge of ink and is used for sucking the
ink received by the cap 222, at éhe discharge recovery
operation by such forced discharge or by the
preliminary discharged. A used ink tank 224, for
receiving the used ink sucked by the pump 223, is

20 connected with said puﬁp 223 through a tube 228.

A blade 225, for wiping the face containing
the discharge openings of the recording head, is
supported movably between a position protruding
toward the recording head for effecting the wiping

25 operation in the course of carriage movement and a
retracted position not engaging with said face. There

are further provided a motor 226, and a cam device
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there is provided a nethod for detecting the tehperature

characteristics of an ink jet recording head, conprising steps of
applying a predetermined 20 energy to an electrothernmal converter
provided in the recordi ng head for effecting recording by discharging
i nk froma di scharge opening onto a recgsding nmedi um detecting the
tenperature change in said recording head resulting fromsaid energy
application, and, 25 based on said detection, detecting the tenperature
characteristics of said recordi ng head. Al so according to the

present inyent22h, for driving the pump 223 and moving the cap 222
and the blade 225 by the driving force transmitted
from said motor 226.

Fig. 5 is a block diagram showing an example

S of the control system of the recording apparatus -
explained-above: ) o

The capping position and the moved position
of the carriage 202 shown in Fig. 4 can bé kno;n by
a recovery system home position sensor 235 and a

10 carriage home position sensor 236. In Fig. 5, there
are shown an MPU 1000 for controlling various units
by cxecuting a control sequence according to a
predetermined program; a ROM 1001 storing the program
corresponding to said control sequence; and a RAM used
15 as a work area in the execution of said control
sequence. '

In the following.there will be given a
detailed explanation on the measurement of the
temperature characteristics of the above-explained

20 recording head, and the method of detecting the
discharge. state of ink, utilizing said measurement.
[Embodiment 1]

At first there will be explained a first
embodiment of the present invention.

25 Fig. 6 is a chart showing the temperature
change in the vicinity of the heater board 110 when

an elcgtp}c§}_energy is given to the discharge heaters
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-9- - 1 there is provided a nethod for judging the discharge state
of an ink jet recording head, which conprises judgi ng the ink

di scharge state of said recording head, based on the result of
detection of the 5 tenperature characteristics according to the above-
ment i oned net hod. Accordigg to the configuration of the

pr esent

1 111.

A curve A shows a state of normal ink
discharge, while a curve. B shows a state of absence
of ink discharge due to insufficient ink filling in

5 the liquid paths of nozzles in the recording head or
in “the common.liquid chaﬁber communicating thereto. T
It will be understood that the temperature change.is
larger in the absence of ink discharge (curve E) than
in the presence of ink dischafge (curve A). 1In

10 general, the temperature of the heater board 110 is
determined by the heat supply from the discharge
heaters 111 constituting.the heat source, and by the
heat dissipation to the base plate 130 and the grooved
cover plate 140. 1In the presence of ink discharge,

15 the heat dissipation becomes larger because the ink
is discharged to the outside with.heat, and the
difference in temperature characteristics results for
this reason.

It is consequently possible to detect whether

20 the ink discharge is poésible, by detecting fhe
temperature characteristics in the vicinity of the
heater board 110 when a predetermined electrical
energy inducing the ink discharge is applied to the
discharge heaters 111.

25 More specifically, at first the temperature
change dTA is measured in the vicinity of the heater

board 110 when the predetermined electrical energy
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invention, in an ink jet recording apparatus for effecting recording
by nmeans of a recording head 10 capable of discharging ink froma
di scharge openi ng onto a recording nmedium a predeterm ned energy is
applied to an electrothermal converter provided in said recording
head, then the tenperature change of - 24 -said recording head resulting
fromsaid energy 15 application is detected by said tenperature detection
nmeans, and, based on the result of said detection, the tenperature
characteristic detection neans detects the tenperature characteristics
of said _1 radnging thegdnio@ischarge Adlssappdsed dw tihe ddsighange
detection of the .
heaters 111 in a normal state in which the nozzles and
the common liquid chamber communicating theretc are
sufficiently filled with ink. Then the temperature
5 change dTB after a predetermined time is measured in -
a state in whiph-ink is absent in the nozzles and in - —
the common liquid chamber. When these measurements
are conducted on a plurality of heat cartridgeg and
are statistically processed, there are obtained
10 plottings as shown in Fig. 7A. In this manner there
are determined, in advance, the maximum value TA of
dTA and the minimum value TB of dTB.
Fig. 11 is a flow chart showing the sequence
of detecting the ink discharge state, to be executed
15 by the MPU 1000, and a corresponding program is stored
in the ROM 1001. In the followiné there will be
explained a first method for detecting whether the
ink discharge is possible. At first the above-~
mentioned predetermined electrical energy is applied
20 to the discharge heaters 111 (step S1). Then the
temperature change dT in the vicinity of the heater
board 110 is measured by the recording head
temperature sensor 113'(step §2), and is compared
with the values TA, TB (steps S3, S4). Based on said
25 comparison, the ink discharge state is identified as
normal if 4T = TB (step S6), or as abnormal if dT >

_ TB (step S5). 8Since TA and TB are determined from the

T " G
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tenperature characteristics of the recording head obt ai ned by said

tenperature characteristic detection nmeans, the judgi ng neans judges
the ink discharge state of said recording head. 25 BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic perspective
vi ew of an - 25 - - 10 -

1 measurements of a plurality of recording heads, there

is not encountered a situation TA < 4T < TB.
The above-mentioned predetermined electrical

energy including ink discharge is, for example as

5 shown in Fig. 8A, composed of 1000 pulses of a pulse .
duration of 7wpéec and a frequency of 4 kHz, applied .. —
to all of 64 nozzles, and said energy is defined as
El. 1In this case TA, TB are respectively about 14.5°
and 15.5°.

10 In the following there will be explained a
second method which is applicable even in case the
temperature cﬂéracteristics show a large fluctuation
among different head cartridges.

The above-explained method is not usable in i

15 case the fluctuation among different head cartridges
is large so that the maximum value of dTA is larger
than the minimum value of ATB, namely in case of
TA > TB as shown in Fig. 7B. Such fluctuation in the
temperature characteristics may result from the

20 fluctuation in the thiékness of the adhesive material
between the heater board 110 and the base plate 130,
or in the resistance of the diécharge heaters 111, or
in the dimension or the physical properties of the
heater board and the base plate. Also iﬁ case the

25 ink discharge is conducted, such fluctuation may also
arise from the change in the amount of heat

dissipation by the in, due to variations in the
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‘1 inK jet cartridge of the present invention; Fig. 2 is an
expl oded perspective view of an ink jet cartridge of the.present
invention; Figs. 3A, 3B and 3C are schematic views of 5 a
‘recording part of the ink jet cartridge shown in Fig. 2;

Fig. 4 is a schematic perspective view @6-an ink jet recording
apparatus of the present invention; Fig. 5 i1s a block diagram
of an ink jet 10 recording apparatus constituting a 1st enbodi nent;

Fig. 6is % chart showing the tenperature

. size of ink droplets and in the physical properties
of ink.
As the relationship dTB > dTA stands for all
the head cartridges as explained in relation to Fig.

5 6, a value (dTB - ATA) is calculated for each head
cartridge-and_ﬁﬁe minimum TD of said values is- o o
statistically determined, based on the data partially
shown in Fig. 7B. Thus, a relationship 4TB - dTA > TD
stands for any head cartridge. Also it is assumed in

10 general that the nozzles are in the normal ink filling
state at the start of the recording operation, because
of the automatic discharge recovery process.

Fig. 12 is a flow chart showing said second
method. At first, at the start of the recording

15 operation, at which the nozzles are in the normal ink
£illing state, the above-mentioned predetermined
electrical energy is applied to the discharge heaters
111 (step S7), and the temperature change in the
vicinity of the heater board 110 is measured in order

20 to determined 4TA (steb S8). For detecting whether
the ink discharge is possible, the above-mentioned
predetermined electrical energy is applied to the
discharge heaters 111 (step S9), then the temperature
change 4T in the vicinity of the heater Soard is

25 measured (step S10), and the ink discharge state is
identified as normal if dT < dTA (step S14), or as

abnormal if 4T 2 4TA + TD (step S13).
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. change in the vicinity of a heater board in case an el ectrical energy

Is applied to a discharge heater; Figs. 7A and 7B are charts
showi ng the amount 15 of tenperature change in the vicinity of the heater
board in the course of application of a predeterm ned energy to the

di scharge heater; Figs- &% and 8B are charts show ng an
exanpl e of ink discharge and non-di scharge conditions 20 for the

el ectrical energy in the present invention; Fig. 9 is a chart
showi ng tenperature changes in the vicinity of the heater board in

case two_1 el ect r Whgin eaddgbredeterniingds elgcha icaidenessyans

selected as El mentioned before, the TD becomes about
2°.
However, since this method unconditionally
5 assumes that the temperature change in the vicinity -
of the heater goérd 110 is equal to 4TA when said o
predetermined electrical energy is applied to the.
discharge heaters 111 at the start of the recof&ing
operation, there will be encountered an erroneous
10 detection if the ink filling state of the nozzles
-becomes abnormal for some reason at the start of the
recording operation.
In the following there will be explained a
third method for avoiding this drawback, by utilizing
15 reference temperature characteristics not related to
the ink filling state of the nozzlés, measured for
each head cartridge.
As already explained in relation to Fig. 6,
the difference in the temperature characteristics
20 resulting from the ink filling state of the nozzles
is caused by the heat dissipation at the ink
discharge. Therefore, for obtaining the reference
temperature characteristics mentiohed ébove, there
can be conceived to provide the discharge‘heaters
25 with a low electrical energy that will not induce ink
discharge even at the normal ink filling state of the

‘nozzles. S e
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‘i nk non-di scharge condition are applied to the 25 discharge heater;

Fig. 10 is a chart show ng constants obtai ned In case two el ectrical
energi es of ink discharge 1 condition and ink non-di scharge
condition are applied to the discggrge heat er;

10

15

20

25

Said predetermined electrical energy not
inducing the ink_discharge even in the normal ink
filling state of the nozzles can be, for example as
shown in Fig. 8B, 3000 pulses of a pulse duration of
2 ysec and a frequency of 6 kHz applied to all of 64
nozzles, and gaid electrical energy is defined .as E2. -
When said electrical energy E2 is applied to the
discharge heaters 111, the temperature change'in the
vicinity of the heater board 110 remains substantially
same regardless of the ink filling state of the
nozzles, because the heat is not dissipated by the ink
discharge.

Now, let us consider the relationship between
the reference temperature characteristics, obtained T
by the application of the electrical energy E2 which
does not induce the ink discharge’even in the normal
ink filling state of the nozzles and is exemplified
in Fig. 8B, and the temperature characteristics,
obtained by fhe application of the electrical energy
El as shown in Fig. 8A:and inducing the ink discharge.

F;g. 9 is a chart showing the temperature
changes in the wvicinity of the heater board 110, when
the above-mentioned two electrical energies are
applied to the discharge heaters 111l. '

A curve A shows a case with appropriate ink
filling in the nozzles and in the common liguid

chamber communicating therewith and with normal ink

his Sheet Has Been Replaced

TR

o



-Fig."11 is a flow chart showing a first

di scharge state descri bed 5 in the first enbodi nent; Fig.
12 is a flow chart showi ng a second nmet hod of detecting the ink
-di scharge state descri bed in the first enbodi nent; Fi g.

met hod of detecting the ink

13 is a flow chart showng a third 10 29method of detecting the ink

di scharge state descri bed in the first enbodi nent; Fig.
14 is a flow chart showi ng a nethod for

noving the recording head to

a position opposed to a cap, described in the first enbodinment.
1

10

15

20

25

discharge under the application of the electrical
energy El, while a curve B indicates a case of absence
of ink in the nozzles and in said common liquid
chamber under the application of said electrical
energy El. A curve C indicates the case of
application of ﬁhe electrical energy E2, and the o e
curve remains substantially same regardless of the
ink filling state, as explained before. The -
respective temperature changes are represented by
dTa, aTB and dTC.

When these measurements are conducted on
plural head cartridges, the values of d4Ta, de, arc

are different among different head cartridges, but

following relations stand for each head cartridge:

dTA = K1 x dTC (Kl béing constant for each
cartridée)

dTB = K2 x ATC (K2 being constant for each
cartridge)

Kl < K2

Thus, if the cénstants K1, K2 are known, the
temperature changes dTA, dTB relating to the presence
or absence of ink can be calculated from the
temperature change ATC based on the reference
temperature characteristics. .

Then, let us give further consideration on the
constants K1, K2.

Fig. 10 shows the constants K1, K2 in the
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15 - Figs. 15A and 15B are views showing the structure and
the principle of ink discharge of a recordi ng head enploying a - -
pi ezoel ectric devi ce; Fig. 16 is a chart shwpguihe,

tenperature change in the vicinity of the heater bo Replaced
and after the application of an electricy® -energy t mu e
heat er ; : Fig. 17 is a chart showing the rela
bet ween the anbi ent tenperature and the di scharged i nk amount; 25
Fig. 18 is a schematic view of a recording head provided with a
plurality_of tepdrawal upead cartridges Nos. 7 to 12, showing large
fluctuations in the temperature characteristics, in
the measurement shown in Fig. 7B. As will be seen
from Fig. 10, there stands a relationship:
5 Kimax < K2min
between the makimum value Klmax of K1 and the minimum:--—
value K2min of K2. Said relationship stands even in
the head cartridges with significant fluctuation in
the temperature characteristics, because the ratios
10 of the temperature changes 4dTA, 4dTB, dTC, based on the
temperature characteristics of each cartridge, are
considered instead of said temperature changes
themselves.
Theréfore, theré are obtained relationship:

15 dTaA K x dTC

<

dTB 2 K x 4TC
for all the head cartridges by selecting a new
constant K so as to satisfy a relation:

Kimax < K < Kgmin (1).

20 Fig. 13 is a flow chart showing a detecting
sequence for the ink discharge state, based on the
above-mentioned relations. At first a predetermined
electrical energy E? not inducing the ink discharge
is applied to the discharge heaters (step S15), and

25 then the temperature change ATC of the recording head

is measured (step S$16). Subsequently a predetermined

energy El inducing the ink discharge is applied to



{

SEensors;

- 12 - 1 Fi g.

19 is a flomﬂbhéh

Sensors;

10

15

20

25

lagedl exanpl e of detection of the ink
, discharge stat I cording head provided with plural tenperature
0 is a block diagramof the control

- 31 -

the discharge heaters (step S17), then the temperature
change AT of the recording head is measured (step S18)
and is compared with K x 4TC (step S19), whereupon the
ink discharge state is identified as normal if

dT £ K x dTC (step S20) or as abnormal if dT > K x dTC
{step S21). "': : _ - T

When the aforementioned electrical energies
El, E2 are adopted, the values of Klmax, KZmianere
experimentally determined as about 1.45 and 1.75.
Consequently, in this case, the value K can be
selected for example as 1.6, in order to satisfy the
aforementioned relation (1).

In the ink discharge state detecting methods
explained above, the temperature detection by the
temperature'sensor is conducted during the.application
of the electrical energy to the discharge heaters.
Since the temperature drops rapidly after the
application of the predetermined energy, there may
result an. error in the detection if the detection is
repeated plural times éfter said energy application.
For this reason, the temperature detection is
preferably conducted during the energy application.

However, if the energy application is executed
in the pulse form as shown in Figs. 8A and 8B, stable
detection is difficult because of an abrupt
temperature change or a noise generation when the

pulse signal is turned on. In the present embodiment,



. system of a recordi ng apparatus constituting a sixth ‘enbodi nent ;

Fig. 21 is a flow chart showing the setting of variable timng of
.detection of the ink discharge 10 state,; Fig. 22 is a block
* di agram of the control system of a recording apparatus constituting a

sevent h enbodi nent ; Fig. 323-is a flow chart show ng the

repeated 15 detection of the ink discharge state and steps before .

sai d repeated detection; and : Fig. 24 is a flow chart show ng

t he function
1 therefore, the temperature detection in the course

of energy application is conducted in synchronization
with said pulses, when the pulse is turned off. Also
if the temperature detection has to be conducted
s after the energy application, it is executed within -
a limited or shoft time after the energy application. =--—
In the following there will be explained the
recording process, with reference to Fig. 4, in_a
recording apparatus capable of detection of the
10 temperature characteristics of the recording head
and detection of the ink disgharge state utilizing
said temperature characterisfics.
At first, when the power supply to the
recording apparatus is turned on, the recovery motor
15 226 is aétivated to set the recovery unit at the home
position of the recovery system an& to retract the
cap 222. Then the carriage 202 is set at the home
position opposed to the cap. 222. Then the cap 222
is again contacted with'the nozzles of the recording
20 head, and the entry of fhe recording.data signal is
awaited. 1In response to said entry, the transport motor
213 is activated to initiate the feeding of the recording
medium, such as paper, up to a front end position of
the desired recording. Then the cap 222 is retracted

25 and separated from the noézles of the recording head,

and the carriage 202 is set at the home position
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. of a recording apparatus capable of re-recording, constituting a

sevent h enbodi ment. 20 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Now t he present invention will be clarified
“in detail by preferred enbodi nents thereof shown in t he attached
drawi ngs. 25 Fig. 1 is a pergpective view of a head
cartridge 3 integrally conposed of a recordi ng head 1 and an ink tank

2, in which the present invention
1 opposed to the cap 222. Subsequently the
predetermined pfeliminary discharge is executed, and
the carriage 202 is moved to a desired recording
start position. Said preliminary discharge in this
5 embodiment is executed prior to the recording -
opération, and élso in the course of the recording Ent
operation, by the movement of the carriage 202 to said
home position again, after the lapse of a B
predetermined period of T seconds from the préceding
10 preliminary discharge.
Thereafter desired recording operation is
executed by the discharge of ink droplets according
to ink discharge signals corresponding to the
recording data. After the recording of a page of the
15 recording medium, the recording medium is discharged,
and there are conducted the detecfion of the
temperature characteristics of the recording head and
of the ink discharge state. In the present
embodiment, the detection of the ink discharge state
20 is conducted after the recording of a page. Thus said
detection.is executed after the recording of a page
if the recording data are less than a page, or after
the recording of each page if the recording data cover
plural pages.
25 Since the detection of the ink discharge state
involves ink discharging operation, it is executed, as

i?_E&E_QreliminarY discharge explained before, at the
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- - 13 - 1 is applicable, and Fig. 2 is an expl oded perspective

view of the head cartridge 3, wherein shown are a heat er board 110
provi ded with plural discharge heaters forned in an array on a S
substrate and 5 electrical wirings for supplying electric power

thereto; a grooved cover plate 140 intggrally provided with plura
nozzles, an orifice plate 141 havi ng di scharge openi ngs correspondi ng
t hereto, and

} home position where the carriage is opposed to the cap
222. Fig. 14 is a flow chart showing said detection
process. When the detection sequence is initiated,
there is discriminated, by unrepresented position

5 detecting means, whether the head cartridge 201 is
located at the-position opposed to the cap (step S22), =

and, if not, the carriage is moved to the position
opposed to the cap 222 (steps S23, S24). 1If tﬁ; step
§22 identifies that the head cartridge 201 is

10 positioned opposite to the cap, a step S24
discriminates whether the cap 222 is in contact with
the face including the ink discharge openings, and,
if in contact, the cap is opened (step S25). Said
detection is executed while the cap 222 is not

.15 contacting said face including the ink discharge

openings, in order to prevent tha£ the ink discharged
and received in the cap 222 comes into contact with
said face.
In the detection of the ink discharge state,
20 the ink discharge inducing energy, composed of 1000
pulses of a pulse duration of 7 ysec and a frequency
of 4 kHz applied to all of 64 nozzles, causes the
discharge of ink of about 5 mg. In order to avoid
contamination of the interior of the recording
25 apparatus by the discharged ink, it is discharged
toward the cap. A4lso in the present embodiment, in

order to ensure the reception of ink into the cap, and
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a comon |iquid chanber for containing ink for supply 10 to said nozzl es;

a wring board 120 which is connected at an end to the heater board
110 for exanple by wire bonding and is provided at the other end
wi th pads 121 for receiving electrical signals fromthe main body of
t he recordi ng apparatus; and a 15 netal base plate 130 on which said

W ring board 120 and sai d heater "board 110 are adhered for exanple

wi th an adhesive material. The heater board 110 and the
grooved cover plate 140 are fixed to the base plate 130, by 20

pi nchi ng_sai GieAtRyr ko blidPRthe! RAKIHPOUSE CRYEr in the pump
223 connected to the cap 222 in advance, the pump 223
is activated to effect suction while the cap 222 is
separated from the face containing the discharge

5 openings of the recording head. This operation is

executed beforé:and after said detection of the ink ==~
discharge state, whereby said detection can be
conducted without contamination of the apparaf;s with
ink.

10 If an abnormal discharge state is detected in
said detection of the ink discharge state, an
abnormality signal is generated to display a warning
message, to turn on a light-eﬁitting diode, or to
inform an aldrm by information 'means 1004 such as an

15 alarm buzzer. When the abnormal state is eliminated
by the user, there is executed a-predetermined re-
starting procedure.

As explained in the foregoing, the detection
of the ink discharge state based on the temperature

20 characteristics of the recording head allows exact
detection without particular components therefor.
Also the present embodiment enables detection with an
inexpensive configuration, since the energy
application for said detection of the ink discharge

25 state is made to the ink discharge means, and since

the temperature detection is achieved by a temperature

sensor which is manufacturable simultaneously with the
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. pl at-e 140
with a hol

with a press spring 150 and engagi ng the | eg portion thereof
e 131 in the base plate 130. An ink supply nenber 160 is

provided with an i nk supply pipe 161 and an ink pipe 162 connected 25

t hereto.
101 of an
recei vi ng

b

10

15

20

25

The ink supply pipe 161 is connected to an i nk supply hol e
ink tank 100, while the ink 3 . pipe 162 is connected to an ink
hol e 142 of - 14 -

ink discharge means.

Also the above-explained second and third
methods for detecting the ink discharge state are
applicable even when the temperature characteristics
of the recording head involve fluctuation.
Consequently tnefe can be provided advantages of o
alleviating the control of precision in the dimension
and material of the heater board or base plate ;nd in
the thickness of the aforementioned adhesive material,
thus reducing the manufacturing cost, and advantages
that such methods are applicable regardless of the
kind, physical properties and droplet size of the ink.

Also as the detection of the ink discharge
state is executed when the recording head is opposed
to an ink receiving member such as a cap, and as the
ink is eliminated from said ink reéeiving member for
example by the ink suction before and after said
detection, the discharged ink can be securely captured
and the contamination within the recording apparatus
can be minimized, |

The above-explained embodiment employs a diode
sensor for detecting the temperature, but other

~ sensors are likewise usable as long as the temperature
of the recording head can be detected. Fo? example
the temperature can be detected by measuring the
resistance of the electrothermal converters such as

discharge'heaters or oth%gmggaters. Also the S
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.1 -+ the grooved cover plate 140, whereby there is forned an ink

path fromthe ink tank 100 to the di scharge openings of the orifice

pl ate 141. Fig. 3A shows the details of said heater 5
*board 110, and Fig. 3B is a partially cut off per spective view

thereof. There is shown an array - 37111 of discharge heaters 1llla,

provi ded respectively correspondi ng to nozzles, comunicating with

t he di scharge openings of the orifice plate 141. By 10 applying a

voltage to said array 111 of the discharge heaters, the ink in the

nozzl es ébtajtsmm¢mntm¢e sensor is provided on the heater board
but such configuration is not limitative.

Furthermore, the.recording apparatus may be
provided with an ink receiving member composed for

S example of sponge, capable of absorbing and retaining -

the ink, sepangély from the cap 222, and the ink o
discharge for detecting the ink discharge state may be
conducted on such ink receiving member. Also -
information by the informing means is given when an

10 abnormal result is obtained by the detection, but the
information may be provided in case said detection
indicates a normal state, and the result of said
detection may be provided by the recording apparatus
or by the host apparatus. - - -

15 (Embodiment 2]

According to the inventioh described in the
first embodiment, an electrical energy is applied to
the ink. discharge heater to effect the heating
thereof, in order to know the temperature

20 characteristics of the fecording head. However the
heating means, to be used for heating the recording
head for obtaining said temperature characteristics,
is not limited to the discharge heaters, and there
will be explained another method in the pfesent

25 emboidment. The recording head (head cartridgef of
the first embodiment is provided, as already explained

in relatlon to Figs. 3A to 3C, with heaters 1l12a, 112b for
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.energy and is discharged as droplets fromthe

the orifice plate 141, to effect the recording operation. Heaters
112a, 112b 15 for tenperature regulation can heat the vicinity of

it he heater board 110. Tenperature sensors 113a,

di schar ge openi ngs of

113b, which can be

formed by the sem conductor film - 3goLmng technology in a simlar
manner as the heater array 111 and the heaters 112a, 112b and 20
simul taneously therewith, can detect the tenperature in the vicinity

of the heater
connecti ng

10

15

20

25
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array 111. Hat ched areas indicate the
tempertitume weghlohéogrobvebecoeecorgdlingehédd, Each of

addition to the discharge heaters. Consequently the
temperature characteristics of the recording head can
be detected, also by applying a predetermined
electrical energy to such heaters.

However; the ink discharge state cannot be P
detected from the temperature characteristics obtained
by the heating of said heaters, since ink diséﬁarge is
not induced by said heating.

For this reason, the following method is
adopted for detecting the ink discharge state, in case
the above-mentioned heaters not constituting the ink
discharge means are used as the heating means for
obtaining the temperature ¢hardcteristics of the
recording head.

As explained in the firsf embodiment, the
difference in the temperature characteristics arises
from whether the ink discharge is executed or not. It
is therefore conceived‘to drive the discharge heaters
also, for discharging fhe ink, in the course of
activation of the above-mentioned heaters. Thus there
can be obtained a temperature change of the heater
board, similar to that shown in Fig. 6, according to
the ink filling state in the nozzles and.in the common
liquid chamber connecting theretoc. Consequently the
method c¢f the first embodiment can be likewise

applied, by integrally considering the heating with

%,
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t he di scharge heaters constituting the array 111 is 25 an el ectrot her nal

converter of a resistance of 120 [err], capabl e of providing an
energy of about 3 Wwith a driving voltage of 19 V. Also each of the
heat er s - 15 - 1 112a, 112b, is
conposed of an el ectrothermal - 39 -

} the temperature-regulating heaters and that with the

discharge heaters. The temperature characterigtics
not related to the ink filling state of the nozzles
can be obtained by activating the temperature-

5 regulating heaters only.

In the,ﬁiesent embodiment, the detection of pinans
the temperature characteristics is achieved by heaters
different from the discharge heaters. Consequ;ntly
the discharge heaters are used only for the ink

10 discharge, and the ink discharge means is not limited
to heaters. Thus the present embodiment is applicable
to the ink jet recording apparatus equipped with a
heater different from the heaters for ink discharge.
Ink discharge mean§ not relying on the heater include

15 those~employing an electromechanical converter such as
a piezoelectric element, and Figs; 15A and 15B
illustrate the cross-sectional view of such nozzle,
wvherein illustrated a piezoelectric element 301, a
heater 302, and a discharge opening 303. Fig. 15B

20 illustrates the principie of ink discharge. 1Ink is
supplied from the left. A pulse supply to the
piezoelectric element 301 generates a mechanical
distortion therein, thus inducing ink discharge from
the discharge opening 303. |

25 [Embodiment 3]

In the embodiments 1 and 2, the temperature

characterlstlcs are determined by detecting the rise

et e st e - N
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_converter of a resistance of 144 [err]. capabl e of provi di ng an

energy of 4. Wwith a driving voltage of 24 V. Each of the tenperature
sensors 113a, 113b is 5 conposed of a diode sensor, varying the output by
.about 2.5 nV per one degree of tenperature. In the foll ow ng
there will be given an explanaqu& on the principle of ink discharge
of the recordi ng head, adapted for use in the ink jet 10 recording
apparatus of the present enbodi nent as t he recordi ng nmeans of the
present invention. The recording head, adapted for use in the

Ink jet recorii NeaPd@Alds of SLIENAR Y Weadedhen an
electrical energy is applied to the ink discharging
heaters or the temperature-regulating heaters.
However, the method of temperature measurement is

5 not limited to such methods, and another method will -
be explained in Ehe present embodiment. The heater P
board exhibits the temperature change as already --
explained in Fig. 6, when the electrical energfmis
applied to the heaters. After said energy

10 application, the temperature of the heater board
descends by heat dissipation, as shown in Fig. 16.
Said temperature descent is determined by the
temperature of the heater board at the end of
application of the electricdl eriergy, and the

15 difference from the ambient temperature. Consequently
the temperature changes dTa, dTb ﬁithin a
predetermined period dt after the end of application
of the electrical energy are correlated with the
temperature changes (ingreases) dTA, 4TB caused by

20 said energy application. Therefore, the method of
the first embodiment can be still applied by measuring
dTa, dTb and replacing the aforementioned values of
dTA, 4TB with thus measured values. In the method
of this embodiment, the detection of température

25 characteristics of the recording head is not affected
by the noises resulting from the activation of the

heaters, because said detection is executed after the
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with a fine liquid-discharging opening (orifice), a 15 liquid path, an
energy action part provided in a part of said liquid path, and energy
generati ng nmeans for generating a droplet form ng energy to be applied
:to the liquid present in said energy action part, and i's rendered
repl aceabl e. Such energy generating _2§; peans can, for exanple, be a
mechani smutilizing an el ectronmechani cal converter such as a
pi ezoel ectric el enent, a mechanismin which an irradiating
el ectromagneti c wave such as a | aser beamis absorbed inliquidto
gener at e lheat ehliev€i appadcationpbet the eléctly schhrepdrgndtossaddsed to fly
by the action of heat

heaters. Thus there is obtained an advantage that the

timing of temperature detection with the temperature

sensor can be arbitrarily selected.

5 [Embodiment 4]

The ink jet recording method is influenced by =
a change in the physical properties of the ink, since
the principle of ink discharge utilizes such piysical
properties. As a representative example, the amount

10 of ink discharge varies depending on the ambient
temperature. In general, the amount of ink discharge
in the ink jet recording decreases, as shown in Fig.
17, when the ambient temperature becomes lower,
because the ink viscosity incréases at a lower

15 temperature..

If the ink discharge amoﬁnt varies excessively
by the ambient temperature, a correction for the
ambient temperature may become necessary in the
foregoing embodiments, and the present embodiment

20 effects such correction for the temperature.

As already explained in the first embodiment,
the difference in the temperature characteristics
arises from the heat dissipation by the ink discharge.
Thus the above-mentioned temperature change ATA

25 becomes larger or smaller respectively when the ink

discharge amount decreases or increases from the

normal amount. Stated differently, the variation in
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-generation, or a mechanismin which liquid is heated by an
el ectrothermal converter to cause a droplet to

- 16 - fly. Anong t hese nechani sns, the recordi ng head
of the ink jet recording.utilizing the thermal energy for liquid

di scharge is capable of recording w th4a- -

b

dTA by the ambient temperature becomes no longer
negligible, if the ink discharge amount varies
significantly depending on the ambient temperature;
Thus, there will be explained a method of
5 preventing the excessive variation of ATA from the
reference valug'ét a reference temperature, despite -
of the variation of the ambient temperature. Such
temperature compensation can be achieved by iné}easing
or decreasing the energy applied to the heaters,
10 respectively when the ambient temperature is lower
or higher than the reference temperature. More
specifically, there is determined an applied energy
for providing the optimum 4TA for each ambient
temperature, by collecting data of dTA for different T
15 applied energies for each ambient temperature, and
the energy applied to the heaters.is controlled
accoxrding to said data.
The applied energy may be varied by a change
in fhe pulse duration, the number of applied pulses
20 or the applied voltage.
It is also possible, instead of varying the
energy applied to the heaters, to vary the criteria
of judgment utilizing the detected temperature
characteristics (temperature change)'accofding to
25 the ambient temperature. |
For example, in the 3rd method of the first

embodlment the value of the constant Kl varies
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.5 high resol ving power, since the liquid discharging openi ngs

(orifices) for discharging recording liquid to formflying droplets
can be arranged with a high density. Besides, the recordi ng head
iutilizing the el ectrothermal converters as the energy generating 10
means can be formed in a conpact structyye, and can al so be easily
formed as a long and flat or two- mensi onal configuration, fully
exploiting the advant ages of the sem conductor technol ogy and the

m crowor ki ng technol ogy, showi ng renarkable progress 15 and inprovement

in reliabllitygépedftfy oy e amdient tedSrdfiFef ong birenHandy Rl

possible to provide an

i0

15

20

25

ink discharge means in the vicinity of said sensor.

T

conceivable to calculate the constant K1 for each
ambient temperature and ‘to determine the optimum
constant k for each ambient temperature.

[Embodiment 5] -

In the following there will be explained an =’
application in which the recording head is provided“
with plural temperature sensors. )

Fig. 18 shows a configuration of the heater
board 110, in which, in the array of the discharge
heaters 111, a temperature sensor 113 is provided for
example for every eight discharge heaters. Thus, if
the heater board 110 has 64 discharge heaters, there
will be 8 temperature sensors 113 on the same heater
board. The outputs ATl - AT8 of said eight
temperature sensors are transmitfed to the printer
control unit shown in Fig. 5 and supplied to the MPU
1000. Based on each result of temperature detection,
there can be discriminated whether the ink discharge
state is normal or abnormal, according.to the
detecting procedure explained in the first embodiment.

Each temperature sensor represents best the
temperature state in the vicinity of saiq sensor, so
that an abnormal ink discharge state, identified by
the temperature detection by a sensor, can be

considered to indicate abnormal ink discharge of the
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.ink jet recording head, which can be easily forned in a configuratidﬁ

with multiple nozzles and with a hi gh density, and which has
satisfactory mass 20 producibility and a | ow nanufacturing cost.

‘Such ink jet recording head enpl oyi ng an el ectrot hermal converter for
t he energy generating means and- pgpduced with a sem conduct or

manuf act uri ng process is generally provided with liquid paths 25
respectively corresponding to ink discharge openings, in which an
electrothernal converter is provided in each liquid path for applying

t hermal efer gint¥he heresent embodiment with plural temperature
sensors, the abnormal state is informed by the
informing means 1004 if an abnormal state is found in
any of the detected temperature changes dTl - 4T8,

5 as shown in a flow chart in Fig. 19.

The cogfﬁol sequence of the present embodiment---—

will be explained with reference to Fig. 19. At first
a step S26 measures the temperature change dTl'By
first temperature sensor 1. Based on said

i0 measurement, a step 527 effects the temperature
comparison as explained in the first embodiment, and,
if a step §37 identifies an abnormal discharge state,
a step S38 generates an alarm. On the other hand, if
the discharge 'state is normal according to the

15 detection by the sensor 1, a step S28 measures the
temperature change dT2 in a similar manner by a sensor
2. Thereafter the temperature detections are
conducted to a sensor 8 in succession in a similar
manner (steps $28 to S$34), and the abnormality is

20 informed by said informing means if the abnormal
discharge state is detected in any of seid sensors.
On the other hand, if all the results of said sensors
are normal, the ink discharge state is identified as
normal. ‘

25 A more accurate detection of the ink discharge
state is made possible by the use of such plural

temperature sensors. In the present embodiment, there
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.- 17 -

liquid present in each liquid path thereby di schargi ng

liquid fromthe correspondi ng ink di scharge opening and form ng a
flying droplet, and in which the liquid is supplied to the liquid

' pat hs 5

froma comon |liquid chanber. Wth regard to the met hod

for formng the ink discharge part, thas - present applicant has

pr oposed,

1

»

10

15

20

25

I n the Japanese

is prdvided a temperature sensor for every eight
discharge heaters, but such configuration is not
limitative, and it is also possible to provide each
discharge heater with an individual temperature sensor
and to detect the ink discharge state for each -
discharge—heatef by detecting the temperature i
characteristics thereof. Also the abnormality is
informed in case any of the detected results i;
abnormal, but such process can be arbitrarily selected
according to the characteristics of the recording

head or the structure of the recording apparatus.

Also this embodiment is applicable to the ink jet
recording head employing the aforementioned
electromechanical ¢onverters, if it is provided with B
an electrothermal converter for temperature

regulation, separate from the ink'discharge means.

(Embod iment 6]

Thé detection of the ink discharge state
according to the present invention is conducted, as
explained in the first émbodiment, after the
completion of recording operation-of every page,
but timing of such detection may be rendered variable,
as will be explained in the following.

Fig. 20 is a block diagram of a recording
apparatus in which the timing of said detection can
be set in variable manner. Input means 1005 is

provided, for entering said timing, separately from
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- Patent Lai d-Open Application No. 62-253457, a nethod of |am
on a first substrate, a solid layer 10 for at least formng the liquid
paths, a layer of a material curable with actinic energy at

utilized for formng the walls of the |iquid paths,

substrate,
irradiation with 15 actinic energy ray from above sai d nask thereby
curing at

mat eri al

t wo

then lam nating a mask on . 4¢ -said second substrate,

| east the walls of the liquid paths in said cur abl

nating,

| east

and a second

effecting

e

| ayer, and elimnating said solid | ayer and the uncured
portions bf satke devriard, but nedist ikdybogmi daymldre tepaceddorwen t he

10

15

20

25

said input means.

Since the detection of the ink discharge state

involves the ink discharge, the amount of ink
available for recording decreases, though slightly,
when such -detection is executed. The configuration

in which the user can vary the timing of such

detection allows to economize the ink amount consumed

in such detection, and also allows to improve the
accuracy of detection by effecting the detections at
a short interval.

Fig. 21 is a flow chart for the setting of

the timing of said detection. As an example, the

detection is executed at an interval, in the automatic

mode, selected either by a number of days (steps S41,

$42), or by a number of hours (steps S43, S44), or

by a number of recorded sheets (steps S45, S46) or by

a number of recorded characters (steps S47, S48), or
executed, in the manual mode, in response to an

instruction entered from the input means 1005 (steps

839, S40). 1In addition to such presettable intervals,

there may be selected a standard default interval,

stored in the control unit of the recording apparatus

{step S49).

The detection of the ink discharge state is

executed according to the timing or the interval thus

set. - e e e
ThlS Sheet Has Been Replaced




.20 .substrates, thereby formng at least the liquid pat hs.

Fi,g. 3Cis a schematic view of the ink jet recordi ng head expl ained—
above. The recordi ng head . 1801 i s composed of electfﬂggh &k %MRcImmd
converters 1803, 25 electrodes 1804, liquid path walls
pl ate 1806, formed through a sem conduct or nanufactu lﬂf ﬁ'
I ncl udi ng the steps of etching, - 47 -

N Such settable timing of detection allows to

economize the ink consumption required in the
detection of the ink discharge state, and to improve
the accuracy of detection. In the present embodiment,

5 said manual mode is rendered selectable separately
from the automatic mode in which the detection is -
executed at a presét interval, but it is also possible
.to combine both modes whereby the detection i;-
normally executed at the present interval but is

10 a@ditionally executed in response to an instruction
entered through the input means when necessary. Also
the present embodiment is applicable to any ink jet
recording apparatus, regardless of the means for
detecting the ink discharge state or of the ink

15 discharge means in the loaded recording head.
[Embodiment 7] |

In the following there will be explained an
ink jet recording apparatus capable of detecting the
ink discharge state, provided with memory means

20 éapable of retaining-a series of recording data, and
adapted to retain the recording data in case
abnormality is detected in said detection and to
repeat the recording operation according'to thus
retained data. Fig. 22 is a block diagram of such

25 recording apparatus, in which provided input means

1005, capable of entering the timing of detection of

the ink discharge state and an instruction for



.- 18 - 1 evaporation, sputtering etc. In such recording
head 1801, recording liquid 1812 is supplied froman unrepresented
liquid reservoir to a common |iquid chanber 1808 through a 5

l'iquid supply pipe 1807. There is also provided a liquid
supply pipe connector 1809. The_rggording |iquid 1812 supplied

into the common |iquid chanber 1808 is supplied into the liquid paths
1810 by the capillary action, and is 10 stably maintained at the ink
dlscharge openi ngs 1811

1 detection in the manual mode as explained in the
preceding embodiment, aqd memories 1006a, 1006b
capable of fetaining a series of recording data. Said
memories may be provided only in .either of the printer

5 unit and the control unit.

At firsf, with respect to the detection of the ™™
ink discharge state of the present embodiment, there
will be explained the difference from the metﬁ;d of
the first embodiment, with reference to the flow

10 chart shown in Fig. 23. Said detection is executed
by the method already explained in the first
embodiment, but an improved accuracy of detection is
attained by executing, once abnormal discharge state
is detected,'énothér detection 0of the discharge state

15 after an automatic discharge recovery operation
including the ink suction from tﬁe recording head
(step S59) and-an ink discharge operation of a
predetermined amount {(step S60), and the abnormality
is identified if the abnormality is detected in such

20 repeated detection alsc after the initial abnormality
detection.

Said discharge recovery operation and said
ink discharge of predetermined amount are executed
in order to confirm whether the initial abnormality

25 detection is due to the exhaustion of ink in the

recording head. More specifically, said operations

are executed in order to discriminate whether the

S . e
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. at t‘he ends of the liquid paths, by neniscus formation._ A current .

supply to the el ectrothernal converter 1803 heats the |iquid present
t her eon; t hereby generating a bubble by film boil i ShébBHasBeenReplaced
iphenonenon, and a liquid droplet is discharged from arge
opening 1811 by the growth of said - 4g9bubble. The abo

configuration allows to obtain an ink jet recording nu

liquid pat hs, such as 128 or 250 liquid paths, with a hlgh 20

liquid path density such as 16 path/ mm Fig. 4 illustrates an
exanpl e of theipiikdbdr abnormaliity détebeionkigetueetordubylapparatus of the

pr esent

10

15

20

25

formation in the ink path of ﬁhe recording head or
interruption of ink supply for example by the meniscus
destruction resulting from vibration at the ink
discharge openings, that may occur prior to the -
exhaustion of“iﬁk, or due to .ink exhaustion in’ the P
recording head.

If the ink is not yet exhausted, the ihk
supply from the ink tank can be restored by the
discharge recovery operation including the suction
operation (step S59), and, the ink‘supply is secured
by the ink discharge of a predetermined amount in the
step $60. Thus the normal ink discharge state is
confirmed in the repeated detection. However, if
said detected abnormality is due to the ink
exhaustion, the secure ink supplf cannot be restored
in the discharge récovery operation. Even if the ink
of a small amount is guided to the ink discharge means
by said suction operation from the ink tank, the ink
supply will be again interrupted in the succeeding
ink discharge operation of the predetermined amount,
so that the discharge abnormality is detected again
in the repeated detection.

Fig. 24 is a flow chart showing the control
sequence in which the recording data are retained in
the memory means 1006 shown in Fig. 22, whereby the

loss of the recording data, resulting from the



enbodi nent. There are shown a head cartridge 201 i ncluding an ink jet
recordi ng head; a carriage 202 25 supporting the head cartridge 201 and

effecting a scanning notion in a direction S; a hook 203 for
¢ounting the head cartridge 201 onto the carriage 202;
- 19 - 1 a lever 204 for operatggg.the hook 203; a support
1 abnormality in discharge, can be prevented. whgn an

abnormality in ink discharge is detected (step $62},
the serial recording data that have been recorded at
said detection are stored in the memory means 1006

5 (step 863)._ Then the detection of abnormality is -
informed (step 564), and the inspection of the -’ T
recording head is requested (step $65). Upon
detection of the completion of such inspectionwor of
the replacement of the recording head (step S66), and

10 in response toc the entry of a command for re-recording
{step $67), there is discriminated whether a cassette
sheet feeder (CSF) is mounted on the recording
apparatus (step S68), and, if mounted, the sheet
feeding operation is conducted (step S§69), but, if

i5 not mounted, the sheet feeding is requested for
example by a message display (steb 870). After the
sheet feeding operation is confirmed (branch YES in
step §71), the recording data are read from said
memory means 1006 (step S$72) and the re-recording

20 operation is conducted, based on said recording data
(step 8§73).

In the present embodiment, the position of

the recording data, from which the re-recording is to
be started, can be instructed, so that the re-

25 recording is executed from a data position which
can be arbitrarily instructed according to the

location of the abnormality in the recording. =
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.pl ate 205 for supporting an electrical connecting part for tHe head

cartridge; a flexible printed circuit (FPC) 206 for connecting said
el ectrical connecting . 5 part and a control unit of the nmain body; and a
gui de- shaft 207 inserted in a bearing 208 of the carriage 202,
for guiding the same in a direction S.. s1 - A timng belt 209,
connected to the carriage 202 for noving the sane in the direction S,
is 10 supported by pulleys 210A, 210B positioned on both ends of

t he apparatus. A pulley 210B receives the driving force froma

carri age dotor Tk entoduiglend is pardttizndeanly euitaedleni smogugch as gears. A
transport various recording apparatus, for use in the
communication equipment such as the facsimile
apparatus, in which the necessity for re-recording

5 after the abnormality detection is high and the loss - -
of recording dééa is considered critiéal. S o

As explained in the foregoing, it is rendered
possible to improve the accuracy of detection;~by
repeating the detection for ink discharge state, after

10 a discharge recovery operation including a sucking
operation and after a predetermined ink discharging
operation, and also to prevent the loss of recorded
data resulting from discharge .abnormality, by
retaining theé recording data.

15 In the present embodiment, the completion of
‘inspection of the recording head'or of replacement
thereof may be entered by the user through the input
means. However, such information may be also obtained
automatically by detecting the replacement of the

20 recording head or the detachment and attachment
thereof.

The present invention has been explained by
embodiments of the recording apparatus equipped with
so-called serial-type recording head, but it is

25 likewise applicable to the recording apparatus

employing so-called full-line recording head.

-— The present invention is particularly suitably
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.roller 212 serves to define the recording face of the 15 recordi ng

medi um such as paper, and to transport said recordi ng nmedium at the
recordi ng operation, and is driven by a transport notor 213. There
are al so provi ded a paper pan 214 for guiding the recording

mediumto the recording position, and.pgfch rollers 20 215 provided in
the feeding path of the recording medi um for pressing the sane to the
transport roller 212 and for transporting the sane.

There are further provided a platen 216 opposed to the discharge

openi ngs @f thasbedd iRSan LAk!jétlgpedddd g Bedd i ayd toeceidiegt he
recording apparatus wherein thermal energy by an electrothermal
transducer, laser beam or the like is used to cause a
change of state of the ink to eject or discharge the
5 ink. This is because the high density of the picture-
elements and tﬁé high resolution of the recording.arel"
possible.
The typical structure and the operatié%al
principle are preferably the ones disclosed in U.S.

10 Patent Nos. 4,723,129 and 4,740,796. The principle
and structure are 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 principle is such that

15 at least one driving signal is applied to an
electrothermal transducer disposéd on & liguid {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

20 which the thermal energy is provided by the
electrothermal 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 production,

25 development and contraction of the bubble, the liquid

(ink) is ejected through an ejection outlet to produce

at least one droplet. The dr1v1ng szgnal is

e e e
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~face of the recording nmedium discharge rollers 217 posi ti oned at t he

downstream si de of the recording - 20
- 1 position in the advancing direction of the recording

medi um and serving to discharge the recordi ng nmedi um toward an
unrepresented di scharge exit; spurs 21853 - positioned corresponding to

the discharge rollers 217

i preferably in the form of a pulse, because the
development and contraction of the bubble can be
effected instantaneously, and therefore, the liquid
(ink) is ejected with quick response. The driving

9 signal in the form of the pulse is preferably such
aS'disclcsed.ihiU.s. Patents Nos. 4,463,359 and o
4,345,262. 1In addition, the temperature increasing
rate of the heating surface is preferably sucﬁ-as
disclosed in U.S. Patent No. 4,313,124.

10 The structure of the recording head may be
as shown in U.S. Patent Nos. 4,558,333 and 4,459,600
wherein the heating portion is diéposed at a bent
portion, as well as the structure of the combination
of the ejection oltlet, liquid passage and the

15 electrothermal transducer as disclosed in the above-
mentioned patents. In addition,.the present invention
is applicable to the structure disclosed in Japanese
L.aid-Open Patent Application No. 59-123670 wherein
a common slit is used as the ejection outlet for

20 plural electrothermal transducers, and to the
structure disclosed in Japanese Laid-Open Patent
Application No. 59-138461 wherein an opening for
absorbing pressure wave of the thermal energy is
formed corresponding to the ejecting portion. This

25 is because the present invention is effective to

perform the re¢ording operation with certainty and

at hlgh eff;cxency irrespective of the type of the
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«~ 5 rand serving to press the discharge rollers 217 across t he
recordi ng nedium thereby generating the - transporting force of the
di scharge rollers 217 on the recordi ng mediunm and a rel easing |ever
219 for rel easing the biasing action of the pinch roller 215 10
and the spurs 218 for exanple at the se$4ing of the recordi ng medi um
The platen 216 is supported at both ends, rot at abl y. about the shaft
of the discharge rollers 217, and is biased fromthe stop position of
the lateral 15 pl ates 220 toward a front portion 221 of the paper pan
214. The Yranspecerdtngcread? is in contact, in

The present invention is effectively
applicable to a so-called full-line type recording
head having a length corresponding to the maximum

5 recording width. Such a recording head may comprise -
a single record&ng head and plural recording head o
combined to cover the maximum width.

In addition, the present invention is -
applicable to a serial type recording head wherein

i0 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 when it is mounted in the
main assembly, or to a cartridde type recording head
15 having an integral ink container.

The provisions of the recﬁvery means and/or
the auxiliary means for the preliminary operation are
preferable, because they can further stabilize the
effects of the present.invention. As for such means,

20  there are capping meané for the recording head,
cleaning means therefor, pressing or sucking means,
preliminary heating means which may be the
electrothermal transducer, an additional heating
element or a combination thereof. Also, means for

25 effecting preliminary ejection (not for the recording

operation) can stabilize the recording operation.

e == A8 regards the variation of the recording head

ect Has Been Replaced
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-plural portions 212A of a reduced dianeter, with the I nsi de of the

front portion 221 of said paper pan. A cap 222, conposed of
an elastic material 20 such as rubber and so positioned as to oppose to
t he face containing the ink discharge openi ngs of the recordi ng
head at the honme position, IS SO sSUppoktss - as to be contacted to or
separated from said recording head. Said cap 222 is used for
protecting the 25 recording head in the non-recording state, or for the
di scharge recovery operation for the recordi ng head. Such

di schar gelr ecovepyngpbiati dh maycbadacsidngle corresponding to a

single color ink, or may be plural corresponding to
the plurality of ink materials having different
recording color or density. The present invention is

5 effectively applicable to an apparatus having at least-
on of a monochéomatic mode mainly with black, '‘a multi=——
color mode with different color ink materials and/or
a full-color mode using the mixture of the coiors,
which may be an integrally formed recording unit or

10 a combination of plural recording heads.

Furthermore, in the foregoing embodiment, the
ink has been liquid. It may be, however, an ink
material which is solidified below the room
temperature but liquefied at the room temperature.

15 Since the ink is controlled within the temperature not
lower than 30 °C and not higher fhan 70 °C to
stabilize the viscosity of the ink to provide the
stabilized ejection in usual recording apparatus of
this type, the ink may be such that it is liquid

20 within the temperaturé range when the recording signai
is the present invention is applicable to other types
of ink. 1In one of them, the temperature rise due to
the thermal energy is positively prevented by
consuming it for the state change of the ink from the

25 solid state to the liquid state. Another ink material
is solidified when it is left, to prevent the

evaporation of the ink. 1In either of the cases, the

This Sheet Has Been Replaced
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face containing the ink discharge openi ngs and

for exanple by positioning the cap 222 opposite to

sé?d

activating the energy

generating el enents, provided in t he nozzl es of the recording head

openi ngs and
of defective

L

10

15

20

25

;for ink discharge 5 t hereby discharging ink fromall the discharge

thus elimnating bubblesgand dusts which are the cause

di scharge or vi scosi fi ed

application of the recording signal producing thermal
energy, the ink is liquefied, and the ligquefied ink
may be ejected. Another. ink material may start to

be solidified at the time when it reaches the

recording material. The present invention is also -

\l

applicable to.sﬁch an ink material as is liquefied
by the application of the thermal energy. Such an
ink material may be retained as a liquid or soiid
material in through holes or recesses formed in a
porous sheet-as disclosed in Japanese Laid-Open Patent
Application No. 54-56847 and Japanese Laid-Open
Patent Application No. 60-71260. The sheet is faced
to the electrothermal transducers. The most effective
one for the ink ma%érialé described above is the film
boiling system.

The ink jet recording appératus may be used
as an output terminal of an information processing
apparatus such as computer or the like, as a copying
apparatus combined with:an image reader or the like,
or as a facsimile machine having information sending
and receiving functions.

While the invention has been described with
reference to the structures disclosed he;ein, 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.

This Sheet Has Been Repl
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. ink*unsuitable for recording (operation called prelimnary
di scharge), or by covering said face 10 contai ning the discharge

openings with the cap 222 and forcedly sucking the ink fromall the
. di schar ge openings with a suction punp, thereby elimnating the

cause of defective discharge. - 57 - A punp 223 provides the suction
force for 15 forced discharge of ink and is used for sucking the

i nk received by the cap 222, at the discharge recovery operation by
such forced di scharge or by the prelimnary discharged. A used ink
tank 2241 for r i saed mbawed dadomsiigieddthehdnuent 298, is

since temperature characteristics is detected for
each recording head, the temperature characteristics
is applied to various uses so that it is possible to
5 obtain results not depend on difference of each
recor&ing-head;: In addition by utilizing the ° o
detection results of the temperature characteristics
an accurate detection of ink discharge state i;
possible. Furthermore, according to the present
10 invention it is possible to detect the abnormal

state of the ink discharge which might occur before

ink is consumed up.

15

20

25
) This Sheet Has Been Re ilaced
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~ 20 connected wth said punp 223 through a tube 228. A bl ade
225, for w ping the face containing t he di scharge_openings of .the
recordi ng head, is supported novably between a osition protruding
toward the recording head for effecting the w ping ESh plagsd t he
course of carriage novenent and a - S8retracted p05| I ng
with said face. There are further provided a nDt cam
devi ce

1 WHAT IS CLAIMED IS:

-

1. Aan ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharge
openings onto a recording medium, comprising:

an elecfrothermal converter provided on said :4~
recording head;

temperature detection means for detecting the
temperature of said recording head; and
10 temperature characteristics detection means
for applying a predetermined energy to said
electrothermal converter, and detecting the
temperature change of said recording head resulting
from said energy application, by means of said
15 temperature detection means, thereby detecting the

temperature characteristics of said recording head,

based on the result of said detection.

2. An ink jet recording apparatus according
20 to claim 1, further coﬁprising:
judgment means for judging the ink discharge
state of said recording head, based on the result of
detection of the temperature characteristics of the
recording head by said temperature characteristics

25 detection means.

3. An ink jet recording apparatus according

[




- 22 - 1 227 for driving the punp 223 and noving the cap 222 and

the bl ade 225 by the driving force transmtted fromsaid notor 226.
Fig. 5 is a block diagramshow ng an exanpl e 5 of the-control system.of
t he recordi ng apparat us expl ai ned above. . The cappi ng
position and the noved position - 8 the carriage 20 ‘Wﬂﬁﬁ) © lac
can be known by a recovery system home position senf , , l

tl to claim 2, further comprising:

informing means for providing information,
based on the result of judgment of ink discharge state
by said judgment means.
4- Ap'ink jet recording apparatus according = —
to claim 2, wherein the temperature detection means
for said recording head are provided in plurai-units,
and the detection of the temperature characteristics
10 of the recording head and the judgment of the ink
discharge state are conducted according to the result
of temperature detection in a predetermined number
of temperature detection means among said plural
units. - - T -
15
5. An ink jet recording—apparatus according
to claim 2, further comprising:
input means which allows the user to enter
an instruction for the execution of detection of said
20 ink discharge state, wherein said judgment means is
adapted to judge the ink discharge state in response
to the instruction entered by the user through said
input means.
25 6. An ink jet recording apparatus according
to claim 1, wherein said electrothermal converter is

a heater.

BT
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- 10 ‘carriage honme position sensor 236. In Fig. 5 there are shown an
MPU 1000 for controlling various units by executing a controt —-
sequence according to a predet er mi ned program é’thSNeﬂEQQEeeg iﬁcgg t he

pr ogram corresponding to said control sequence;
as a work area in the execution of saiggcontrol
In the following there will be given a detail ed exp an
neasurenent of the tenperature characteristics of the above-explai ned
recordgng head, and the method of detecting the . discharge state of
|nk utilizing sald nmedsurdmeink jet recording apparatus according
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter is capable
of inducing ink discharge.

8. An ink jet recording apparatus according -
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter is incapable '
of inducing the ink diécharge.

10
9. An ink jet recording apparatus according
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter includes an
amount inducing the ink discharge and another amount

15 not inducing the ink discharge.

10. An ink jet recording apparatus according
to claim 1, wherein said electrothermal converter is
a heater for a purpose other than ink discharge.
20 : |
11. Aan ink jet recording apparatus according
to claim 1, wherein said temperature characteristics
detection means is adapted to detect the temperature
characteristics of said recording head, based on the
25 temperature increase of said recording head detected

by said temperature detection means, when said

predetermined energy is applied to said electrothermal

TR O A




-[ Enbodi ment 1] ' At first there will be explained a first

enbodi nent of the present invention. 25 Fig. 6 is a chart
showi ng the tenperature change in the vicinity of the heater board 110
when an electrical energy is given to the discharge heaters

23 -

- 61 -
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12. An ink jet recording apparatus according

to claim 1, wherein said temperature characteristics
detection means is adapted to detect the temperature
characteristiqsiof said recording head, based on the -
temperature descent of said recording head detected

by said temperature detection means, after thé‘
application of said predetermined energy to said

10 electrothermal converter.

13. Aan ink jet recording apparatus according
to claim 1, wherein the application of said
predetermined.energy to said electrothermal converter

15 is conducted by the supply of plural pulses of a

predetermined interval.

14. An ink jet recording apparatus according
to claim 13, wherein the detection of temperature
20 change in said recording head by said temperature

detection means is conducted in synchronization with

the cycles of said pulses.

15. An ink jet recording apparatus according
25 to claim 1;-fur£ﬁer comprisihg: o ; ’ N
ambient temperature detection means for

detecting the ambient temperature of said recording

A O B



~ 111! . . A curve A shows a state of normal ink di schar ge,

while a curve B shows a stateé of absence of ink discharge due to

i nsuffici entThnsrskeefH&sIBeagz BHced the liquid paths of nozzles in the
;recordi ng hea the comon |iquid chamber comunicating thereto.
It wll be un !Mtheterrpe{aamr-e change is | arger in the
absence of in c urve B) than In the presence of ink

di scharge (curve A) . In 10 general, the tenperature of the heater board
110 is determ ned by the heat supply from the di scharge heaters

111 const it ut ikRPd herErin RAtd, tefpRE P tUrR characteristics

detection means is adapted to correct the resqlt of
detection of the temperature change in said recording
head, according to the aﬁbient temperature detected

5 by said ambient temperature detection means.

16. An ink jet recording apparatus according
to claim 1, further comprising: B
ambient temperature detection means for
10 detecting the ambient temperature of said recording
head, wherein said temperature characteristics
detection means is adapted to vary the amount of
energy applied to said electrothermal converter for
the purpose of defectioconi of thé temperature
15 characteristics of said recording head, based on the

ambient temperature detected by éaid ambient

temperature detection means.

17. An ink jet recording apparatus according
20 to claim 1, further coﬁprising:

an ink receiving member for receiving the ink
discharged from the discharge opening of said
recording head, and

means for controlling the relati&e position

* 25 " {n ‘such & manner said recording head bécomes opposed

to said ink receiving member when the energy capable

of inducing ink discharge is applied to said

L




heat dissipation to the base plate 130 and the grooved cover pl ate

140. In the presence of ink discharge, 15 t he heat dissipation becones
| ar ger becausﬁhs eenReplachs di scharged to the outside with heat, and

. the dlff ltﬂmrature characteristics results for this
reason. onsequentdyy possible to detect whether 20
t he ink dlscharge |s pOSSIb|e by detecting the t enperat ure
characteristics in the vicinity of the heater board 110 when a
predeterm ned el ectri cal energy inducing the ink discharge is applied

to the 1  dliechrsgehed dfonvelter, for the purpose of detecting
the temperature characteristics of said recording

head.

S 18. An ink jet recording apparatus according
to ctlaim 1, furfﬁer comprising: : P
an ink receiving member for receiving the
ink discharged from the discharge opening of sald
recording head;
10 means for removing ink from said ink receiving
member; and
means for activating-said ink removing means,
at the application of energy of an amount capable of
inducing ink dischdrge to said électéothermal
15 converter for the purpose of detecting the temperature
characteristics of said recording.head, before and/orx

after of said energy application.

19. An igk jet recording apparatus according
20 to claim 1, wherein the temperature characteristics
of said recording head include the temperature change
therein when the energy of an amount not inducing the
ink discharge is applied to said electrothermal
converter.
s o aeem e

20. An ink jet recording apparatus according

e c L Mos
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.25 More specifically, at first the tenperature_.._ __change dTA

I's nmeasured in the vicinity of the heater - board 110 when the
predet erm ned el ectrical energy This Sheet Has Been Replaced4

1 inducing the ink discharge is applied to the di schargnj_ﬂml Hmmm 111
in a normal state in which the nozzl es gand the co

comuni cating thereto are

"to claim 1, whérein the témperature characteristics
of said recording head include the temperature change
therein when the energy of an amount capable of
inducing ink discharge is applied to said
electrothermal converter, in a state in which said

recording-head is filled with ink. - -

21. An ink jet recording apparatus ac;ording
to claim 1, wherein the temperature characteristics
10 of said recording head include the temperature change
therein when the energy of an amount capable of
inducing ink discharge is applied to said
electrothermal converter, in a state in which said
recording hedd is not filled with ink.
15
22. An ink jet recording'apparatus according
to claim 1, wherein said recording head is adapted to
induce a state change including bubble generation in
the ink, by means of thermal energy, and to effect

20 ink discharge based on said state change.

23. An ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharge
25 | - s e S LU SRS LM
openings onto a recording medium, comprising:

input means for enabling the operator to

instruct the execution of detection of the ink

* [ L M s *




~sufficiently filled with ink. Then the tenperature 5 change dTB after a

predetermned tine is neasured in

a state in whichink is absent

in

the nozzles and in the common |iquid chanmber. Wef,iddhes SayBraskeapbeent s

are conducted on a plurality of heat cartridges and
processed, there are obtained 10 plogsings as shown in

manner there

dTA and the m ni num val ue TB of dTB

are determ ned, in advance, the maxi

Ll

Fig. 11 is a flow chart

ally
hi s

showi ng the sequence of detecting the ink discharge state, to be
“‘execut ed &iS bgichbabftl §680e afidsaidoreespdimiy ngesgnogramdi s st or ed

10

15

20

Ll

ink discharge state detection means for
detecting the ink discharge state of said recording
head, by causing the ink discharge from said recording
head, in response to the instruction of the operator -

entered through~said input means.

24. An ink jet recording apparatus aé;ording
to claim 23, wherein said input means is adapted to
enter a predetermined timing for detecting the ink
discharge state, and said ink discharge state
detection means is adapted to detect the ink discﬁarge
state according to the entered timing.

25. An ink jet recording apparatus according
to claim 23, wherein said recording head is equipped
with an electrothermal converter for heating the ink

for the purpose of inducing ink discharge.
26. An ink jet recording apparatus according
to claim 23, further comprising an electrothermal

converter for a purpose other than ink heating.

27. An ink jet recording apparatus according

"t6 tlaim’ 23, wherein §3id Pecording head is “adapted ™’

to induce a state change including bubble generation

in the ink, by means of thermal energy, and to effect

L



<in tthhe ROM 1001. In the following there will be ——expt-ai-ned-a- fi-r st

nmet hod for detecting whether the I nk dischargeT$§ 0ssible, At first
t he above- menti oned predeterm ned el ectrical en cepReplacd 20
to the discharge heaters 111 (step S1). Then the nlﬂ ﬂ change
dT in the vicinity of the heater - é®pard 110 is
recordi ng head tenperature sensor 113 (step S2), and is conpared
with the values TA, TB (steps S3, S4). Based on said 25 conparison, the
I nk discha;ge state is identified as . normal if dT < TB (step S6), or
as abnormal i figf discharg® Paged &b)saidishatgcharaB are determned from
t he - '
28. An ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharge -
openings onto“afrecording medium, comprising: - P
ink discharge state detection means for .~

detecting the ink discharge state of said recd}ding
head; and
10 control means for controlling said ink
discharge state detection means to effect the
detection of the ink discharge state again, in case
said detection means detects a defective state of ink
discharge from said recording head.
15

29. An ink jet recording'apparatus according

to.claim 28, further comprising:
discharge recovery process means for restoring
the ink discharge from said recording head;

20 wherein, when said ink discharge state
detection means detects a defective state of ink
discharge from said recording head, said control means
is adapted to so control said discharge recovery
process means to effect a discharge recovery process
- - 25 ~by~sucking'ink-from“said'recording'head;'éha"théh“tbﬁ'“'
so control said ink discharge state detection means

to again detect the ink discharge state.




- 25 - 1 measurenents of a plurality of recording heads, there
is not encountered a situation TA < dT < TB. This Sheet Has Been Repladdd€

above-nmenti oned predeterm ned el ectri cal isgpi ng i nk
di scharge is, for exanple as 5 shown in Fi of 1000
pul ses of a pul se duration of-7¢ferr]se cy of 4 kHz,
applied
1 30. An ink jet recording apparatus according

to claim 28, further comprising:
discharge recovery process means for restoring
the ink discharge from said recording head;

5 wherein, when said ink discharge sfate
detection means aetects a defective state of ink e
discharge from said recording head, said control .
means is adapted to so control said discharge f;covery
process means as to effect a discharge recovery

10 process by sucking ink from said recording head, then
to cause said recording head to discharge ink of-a
predetermined amount, and to so control said ink
discharge state detection means to again detect the
ink discharge 'state. T -

15

31. An ink jet recordinghapparatus according
to claim 28, wherein said recording head is adapted
to induce a state change including bubble generation
in the ink, by means of thermal energy, and to effect

20 ink discharge based on said state change.

32. An ink jet recording apparatus for

effecting a recording operation by means of a
recording head for discharging.ink from discharging
«~+ 2% -openings-onto-a recording'médiumT'bompfiéiﬁg:“””'

ink discharge state detection means for

L
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"to all of 64 nozzles, and said energy is defined as Bl In thi's case’
TA, TB are respectively about 14.5[err] and 15. 5[ erfyk.speet Bas Been Replaced
In the following there will be explained a second ne '
applicabl e even in case the tenperature characteri st HH H'iﬂmﬁll ﬁlge
fluctuation anong different hea®P cartridges.
above- expl ained nethod is not usable in 15 case the fluctuation anong
di fferent head cartridges is large so that the maxi mum val ue of dTA
is larger 1 han .t he m ni.mum_val ue of dTB, nanely.i.n _case _.of TA >
TB ag ohows i ndetEeting” the HAK| QLPRHRFGR FhatRoct seid reddtalng

head; and

memory means for. storing, when said ink
discharge state detection means detects a defective
state in the ink discharge from said recording heagd,
the.recording_deta at least starting from the . -
preceding detection of satisfactory state of the_ink

discharge.
10 33. An ink jet recording apparatus according
to claim 32, further comprising:”
means capable of instructing the recording
data, in case the recording operation is restarted
based on the-recordipg data stored in said memory
15 means, in case said ink discharge state detection

means detects a defective state of the ink discharge

from said recording head.

34. An ink jet recording apparatus according
20 to claim 32, further cemprising:
means for enabling said recording head to
again record the predetermined recording data, based
on the recording data stored in said memory means,
in case said ink discharge state detectien means

25

said recording head.

) 0 R

detects.a defective.state :of -the-ink -discharge from .-~ - wom-s s o



- tenperature characteristics may result fromthe- - fl-uetuation in the

t hi ckness of the adhesive materi al betmeen the heater board 110 and
t he base plate 130, or in the resistancel heat ers
111, or in the dinension or the physical H he
heater board and the base plate. Also & case t scharge is
conducted, such fluctuation nmay al so ari se fronlthe change in the
anount of heat di ssipation by the in, due to variations in the

1l

35. An ink jet recording apparatus according
to claim 31, wherein said recording head is adapted
to induce a state change including bubble generation
in the ink, by means of thermal energy, and to effect

ink discharge based on said state change.

36. A method for detecting the temperature
characteristics of an ink jet recording head, -
comprising steps of:

10 applying a predetermined energy to an
electrothermal converter provided in the recording
head for effecting recording by discharging ink from
a discharge opening onto a recording medium;
detecting the temperature change in said
15 recording head, resulting from said energy
application; and
detecting, based on the result of said
detection, the temperature characteristics of said
recording head.
20

37. A method according to claim 36, wherein

the state of ink discharge from said recording head

is judged according to the result of detection of the

temperature characteristics of the recording head.
- —2_-5 . el - L R S L S .
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38. An ink jet recording apparatus for

effecting a recording operation by means of a

‘R 0 AR
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i nk.

head cartridges
dTA) is calcula}

val ues is

1—size of ink droplets and in the physical properties

This Sheet}us BB Refihc@d | onshi p dTB > dTA stands for all t

shown in Fig. 7B. Thus, a relationship dTB - dTA > TD stands for
head cartridge. Also it is assuned in

1

10

15

20

.25

recording head for discharging .ink from discharge
openings onto a recording medium, comprising:

an electrothermal converter provided on said
recording head:

temperature detection means for detecting the:
temperature ip'fhe vicinity of said recording head; -
and

judgment means for judging the ink dié&harge
state of said recording head, through the comparison
between the temperature characteristics of said
recording head based on the temperature change in the
vicinity of said recording head at the application
of a predetermined energy to said electrothermal
converter, and the temperature-detected by said

temperature detection means.

39. An ink jet recording apparatus according
to claim 38, wherein said temperature characteristics
are represented by a temperature change A in the
normal ink discharge séate and a temperature change

B in an abnormal ink discharge state.

40. An ink jet recording apparatus according

to claim 38, wherein said temperature characteristics

-are -represented by -a-temperature dTA-in "the noitmal e

ink discharge state at the application of said

predetermined energy to said electrothermal convérter,

[

of
he

any

in relation to Fig. 5 6, a value (dTB -
mam E!E ead cartridge and the mninmum TD of said
det er m+ned, -based on the data partially



10 ‘general that the nozzles are in the nornal i nk filling --. State at
the start of the recordi ng operation, becaus o the autonatl

di scharge recovery process. Flg rt show ng
sai d second method. At first, at the sta dlng 15
operation, at which the nozzles are rFn78he nor | 1ing state,

t he above-nenti oned predeterm ned eIectrlcaI energy Is applied to the

di scharge heaters 111 (step S7), and the tenperature change in the
vicinity g the eater board 110 .i s neasured ge%rder to determ ned

dTA (step~S8). FEMPeT ATy T Gifiéprence TPy ﬁeﬁl§€ﬁ§rge i s possible,

the above- nent%%&%%rature dTA and a temperature at an abnormal

discharge state lacking.the ink discharge.

5 41. An ink jet recording apparatus according
to.claim 38, yherein said temperature characteristics- -
are represented, based on a temperature 4dTC when said
electrothermal converter is given an energy'iﬁ‘a range
not inducing ink discharge from said discharge

10 opening.

42. An ink jet recording apparatus according
to claim 38, wherein said temperature characteristics
are represented by a value-obtained by applying the

15 predetermined energy to said electrothermal converter
in a plurality of recording heads and statistically
processing the temperature detected in the vicinity

of said recording head.

20 43. An ink jet recording apparatus according
to claim 42, wherein said temperature characteristics
are represented by a maximum temperature TA enabling
the normal ink discharge from said recording head
when the predetermined energy is applied'to said

. ..253 . _electrothermal converter- -in-a plurality”of“rebdfdihg“
heads, and a minimum temperature TB of the abnormal

discharge state in which the ink is not discharged

HIIlIIi 0 ) IIIlI I



predeterm ned el ectrical energy is applied to the di scharge heaters

111 (step S9), then the tenperature change dT in the vicinity of the
heater board is 25 nmeasured (step S10), and the ink discharge state is
identified as normal if dT < dTA (step S14), or as abnormal if dT >
dTA + TD (step S13). - 72 - - 27 - - S

This Sheet Has Been Replaced

I

44. An ink jet recording apparatus according

1 from said recording head. l

to claim 42, wherein said temperature characteristics
5 are represented by the temperature dTA enabling

the normal ink_&ischarge from said recording head v

at the application of the predetermined energy to.

said electrothermal converter in a plurality of

recording heads, and the minimum value TD of the

10 temperature difference (dTB - dTA) between the
temperature ATB of the abnormal discharge state in
which the ink is not discharged from said recording
head and said temperature d4TA.

15 45. An ink jet recording apparatus according
to claim 42, wherein said tempera%ure'characteristics
are represented by a temperature ATA enabling the
normal ink discharge from said recording head, said
temperature being detected at the application of a

20 predetermined energy El to the electrothermal
converter in a plurality of the recording heads, and
by a ratio of a temperature dTB in an abnormal
discharge state in which the ink is not discharged
froﬁ said recording head, to a temperaturé 4aTC

 «=.25. ..detected by said temperature-detection means when ™'~
an energy E2 not inducing the ink discharge from said

recording head is applied.

A




1 When sai d predeterm ned eIectricaJ -ener gy.--i-s - selected as El

menti oned before, the TD becones about wever, since

this method unconditionally 5 assunes that @ﬁchange in the
vicinity of the heater board 110? _equal U a|d
predeterm ned el ectrical energy is applled to harge heat ers

111 at the start of the recording operation, there will be encountered

an erroneous 10 detection if the ink filling state of the nozzles

becones abnormal for spge rgASPRK et NSt A ingfaddifratus SEESEEIAG

oper ati on.
to claim 38, further comprising:

informing means. for providing information,
based on the result of judgment of ink discharge state

5 by said judgment means.

47. An ink jet recording apparatus acco;ding
to claim 38, comprising said temperature detection
means in plural units, wherein the judgment of the

10 ink discharge state is conducted according to the
result of detection in a predetermined number of

temperature detection means among said plural units.

48. .An ink jet.recording apparatus according .-
15 to claim 38, further comprising:
input means which allows the user to enter an
instruction for the execution of detection of said ink
discharge state, wherein said judgment means is
adapted to judge the ink discharge state in response
20 to the instruction entered by the user through said

input means.

49. An ink jet recording apparatus according
to claim 38, wherein said recording head‘is adapted
. 25 | _to induce.a state change .including -bubble generation e . ~s-
in the ink, by means of thermal energy, and to effect

ink discharge based on said state change.
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In the following there will be explained a third nethod for avoiding
this drawback, by utilizing 15 reference tenperature characteristics not

related to the ink filling state of the nozzles, measured for

each head cartridge. As already explained in relation to Fig.
6, the difference in the tenperature characteristics 20 resulting
fromthe ink filling state of the nozzles I s caused by the heat

di ssipation at the ink di scharge. Therefore, for obtaining the
reference tenperature characteristics nentioned above, there can

be conceiyed to provide the discharge heaters

50. An ink jet recording apparatus including means for
detecting the temperature characteristics of an ink jet
recording head wherein the result of detection is

utilised for detecting the ink discharge state. . - -

51. An ink jet recording apparatus including means for
detecting the temperature characteristics on plural
recording heads, and means for effecting statistical
processing to enable exact detection of the ink discharge
10 state, unaffected by the individual difference of the

recording heads.
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e mem—————

- 25 With a low electrical energy that will not induce ink di schar ge

even at the normal ink filling state of the nozzl es.
-28 - 1 Sai d predeterm ned el ectrical energy not
i nduci ng the ink discharge even in the normal ink filling state of

the nozzles can be, for exanple as 75 -

ABSTRACT OF THE DISCLOSURE

*

The temperature characteristics of an ink

jet recording head are detected, and the result of
detection is utilized for detecting the ink discharge

5 state. Also a statistical processing on the
temperature cnafacteristics detected on plural . - -
recording heads enables exact detection of the ;pk
discharge state, not effected by the individual
difference of the recording heads. Also thére is

10 detected the abnormality in ink discharge, that may

occur prior to the exhaustion of ink in the ink tank.

. ]



shown in Fig. 8B, 3000 pulses of a pulse duration of 5 2 [err]sec and a

freguency of 6 kHz applied to all of 64 nozzl es, and said electrical
e y is defined.as E2. When said electrical energy E2 is applied to
t he . discharge heaters 111, the tenperature change in the

vicinity of the heater board 110 renahgs @ubstantially 10 sanme regardl ess
of the ink filling state of the o%zles, because the heat is not

di ssipated by the ink di schar ge. Now, | et us consider
the rel ationship between the reference tenperature characteristics,

obtained 5 by the application of the electrical energy E2 which

This Sheet Has Been Replaced
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does not induce the ink discharge even in the normnal ink filling state
of the nozzles and is exenplified in Fig. 8B, and the tenperature

c acteristics, obtained by the application of the electrical energy
2 El as shown in Fig. 8A and inducing the ink discharge.

Fig. 9 is a.chart show ng the tenpera%gcg) changes in the vicinity of
the heater board 110, when the a ~-mentioned two el ectrical energies

are applied to the discharge heaters 111. 25 A curve A shows
a case with appropriate ink filling in the nozzles and in the comon
l'iquid - chanber communicating therewith and with normal ink

i ek : This Sheet Has Been Replaced
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- 29 - 1 discharge under the application of the electrical

energy El, while a curve B indicates a case of absence of ink in the
zles and in said common liquid chanber under the application of
d el ectrical 5 energy El. A curve Cindicates the case of

application of the electrical energya%o and the

EENLEENRNENRN

- S o o &

FIG. 3A
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curve remains substantially sanme regardl ess of the ink filling state,

as expl ai ned before. The respective tenperature changes are

r’esent ed by 10 dTA, dTB and dTC. When t hese neasurenents
are conducted on plural head cartridges, the values of dTA, dTB, dTC
are different anong different head cartZi' dges, but foll ow ng

rel ati ons stand for each head cartridé 20 15 dTA = K1 x dTC (K1
bei ng constant for each cartridge)

dTB = K2 x dTC ([2 being constant for each

cartridge) « :
FIG. 3B 110
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Kl < K2 20 Thus, if the constants K1, K2 are known, the

t enper at ure changes dTA, dTB relating to the presence or absence of
imiikan be cal culated fromthe t enperature change dTC based on the
reference tenperature characteristics. 25 Then, let us

give further consideration on the Sg/g@nstants K1, K2.
Fig. 10 shows the constants K1, K2 in~t'h
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- 30 - 1 plural head cartridges Nos. 7 to 12, show ng | arge

fluctuations in the tenperature characteristics, in t he nmeasur enent
own in Fig. 7B. As will be seen fromFig. 10, there stands a
ati onshi p: 5 Kl max < K2mn bet ween t he maxi num val ue
Klmax of K1 and the m ni mum adjyz K2m n of K2. Said relationship
stands even in the head cartri va'th significant fluctuation in
the tenperature characteristics, because the ratios
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10 of the tenperature changes dTA, dTB, dTC, based on the ~——~ =~
tenperature characteristics of each cartridge, are mlss},estmggggk ck1st ead

asai d tenperature changes t hensel ves. e,
re are obtained relationship: 15 dTA <
dTB > K x dTC for all the head7g£;g0r| dges by sel

constant K so as to satisfy a relation: Kimax < K < K2nmin
(1. 20 Fig. 13 is a flow chart showi ng a detecting

sequence for the ink discharge state sted gu t he
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above-nentioned rel ations.
E2 not inducing the ink discharge S
( ep S15), and 25 then the tenperature

asured (step S16).
|ndu0|ng the ink discharge is app
- 31 -

%/

At first a predetern1ned

Subsequently a predete

““electrical energy
apphis Sdet Has BdaeRepleahar ge heaters

°“""1ﬂli|$ﬂﬂlﬁl1lllﬂﬂkr“‘”‘" 1o e

ergy E1
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1 the discharge heaters (step S17), then the tenperature change dT
of the recording head is neasured (step S18) and is conpared with K
X dTC (step S19), whereupon the i nk discharge state is identified as
Q)rrral i f 5 dT < K x dTC (step S20) or as abnormal if dT > K x dTC
step S21). When the aforenmentioned el ectrical energies
El, E2 are adopted, the val ues of Klﬁﬁﬁ, K2m n were experinental |y
determ ned as about 1.45 and 1.75. 10 Consequently, in this case, the
val ue K can be selected for exanple as 1.6, in order to satisfy the
aforenmentioned relation (1).

FIG. 11
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I'n the ink discharge state detecting nethods explafned above, the
tenperature detection by the 15 tenperature sensor Jis..caonducted- during
1* application of the electrical energy to the discharge heaters

ce the tenperature drops rapidly after the appis
predeterm ned energy, there may esult an error i H
Fg/ |on.

the detection is 20 repeated plu I mes after said

For this reason, the tenperature detection is preferabl y conduct ed
during the energy application. However, if the energy
application is executed in the pulse formas shown in Figs. 8A and

8B, stable F/G 72

(@D
ST

APPLY ENERGY TO "
DISCHARGE HEATER

- ¥

S8
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@
END
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25 detection is difficult because of an abrupt

or a noi se generation when the
sent enbodi nent,
refore, the tenperature detection in the course of energy
application is conducted in synchrqmulgglon wi th said pul ses, when the
pulse is turned off. Also

FIG. 13
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If the tenperature detection has to be conducted 5 after the energy

application, it is executed within alimted or short tinme after the
ergy application. In the following there will be expl ai ned

iib recording process, with reference to Fig. 4, in a recordi ng

apparatus capabl e of detection of t@ﬁ/ éo tenperature characteristics of

t he recordi ng head and detecti 8 the ink discharge state utilizing

said tenperature characteristics. At first, when the power

supply to the recordi ng apparatus is turned on, the recovery notor 15

226 is activated to set the recovery unit at the hone

FIG. 14
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position of the recovery systemand to retract the . cap 222. Then the

carriage 202 is set at the hone position opposed to the cap 222. Then
t he cap 222 is again contacted with the nozzles of- the recording 20
d, and the entry of the recording data signal is étﬁgsselar{‘keplaced

response to said entry, the transpo tor 213 is a
initiate the feeding of the recordiié;/{iB medi um such a MH mm
front end position of the desired recording. Then th
retracted 25 and separated fromthe nozzles of the recordi ng head,
and the carriage 202 is set at Fyghorrezg tion

302 301

¢ 303

¢ FIG. 15B

302 1 301 303
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-33 - opposed to the cap 222. Subsequently the predet er m ned

prelimnary discharge is executed, and the carriage 202 is noved to a
desired recording start position. Said prelimnary discharge in this
enbodi ment is executed prior to the recording This SHe&HAS BRMReptiddd al so

I'n the course of the recording
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operation, by the novenent of the carriage 202 to sal

hg&g Jlon
again, after the | apse of a predeterm ned perio
t preceding 10 prelimnary discharge. mliﬁﬁ Em eS| red
ordi ng operation is executed by the discharge

accordi ng to ink discharge Slﬂ§?1 correspondi ng to t he
recording data. After the recordi ng of a page of the recordi ng
medi um the recording nediumis discharged, and there are conduct ed
t he detection -of the egperature chara sti of the recording
head and _ of the ifnlstdRrgchyrge state. I#Er;a %9
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enbodi nent, the detection of the ink discharge state 20 I s conducted

after the recording of a page. Thus said detection is executed after
e recordi ng of a page if the recording data are | ess than a page,
after the recording of each page if the recording data cover
pl ural pages. 25 Si nce tﬂf E&tection of the ink discharge state
I nvol ves i nk discharging operation, 4{ S executed, as in the
prelimnary di scharge expl ai ned before, at the
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- 34 - honme position where the carriage is opposed to the cap

222. Fig. 14 is a flow chart showi ng said detection process. \Wen

t he detection sequence is initiated, there is discrimnated, by
Ql'epresented position 5 detecting neans, whether the head cartridge 201
I'S | ocated at the position opposed to the cap (step S22), and,
If not, the carriage is noved to thé7ﬁa9|t|on opposed to the cap 222
(steps S23, S24). If the step S22 identifies that the head cartridge
201 is

-

FIG. 21
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10 positioned opposite to the cap, a step S24 di scri m nat es whet her

the cap 222 is in contact with the face including the ink discharge
eni ngs, and, if in contact, the cap is opened (step S25). Said
ection is executed while the cap 222 is not 15 contacting said face
I ncludi ng the ink discharge qﬁgnggs, in order to prevent that the
I nk di scharged and received i'M’t cap 222 cones into contact with
said face. In the detection of the ink discharge state, 20
t he i nk di scharge~inducing-energyr—eonposed—ef—-0080——————pttses—ef—p pul se
duration of 7 | erptsee—are—a—ireguerey
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of 4 kHz applied to all of 64 nozzles, causes the di scharge of ink of

about 5 ng. In order to avoid contam nation of the interior of the
rgcording 25 apparatus by the discharged ink, it is discharged

?\ard the cap. Also in the present errbodl ment, in order to ensure
the reception of ink into the cap, an

- 35 - /20

FIG. 23

SET CONER n =0 P 5%

T
v

APPLY ENERGY E2 10 1-S51
¢ DISCHARGE HEATER [~
WEASURE TEMPERATURE VS92
CHANGE dTC BY ENERGY

[ 2

APPLY ENERGY E1 70} 593
DISCHARGE HEATER

T
MEASURE TEMPERATURE 1S54
CHANGE dT BY ENERGY Ei

. YES
di=K - dlc 2 .
e =l
$55 SETn=n+1
NO
®
V856 | el
DETECT NORMAL DETECT ABNORMAL 559
STATE OF INK STATE OF INK DISCHARGE RECOVERY
DISCHARGE DISCHARGE PROCESS
] I
2 $60
‘ DISCHARGE INK BY
CEND A PREDETERMINED
AMOUNT

{

This Sheet Has Been R laced

. 2
Nat?



1 also for discarding the ink in the cap or in the punp 223

connected to the cap 222 in advance, the punp 223 Is activated to
eg'pct suction while the cap 222 is separated fromthe face

C ai ni ng the discharge 5 openi ngs of the recording head. This
operation is execut ed before éd;% fter said detection of theé ink
di scharge state, whereby said detect 20an be conducted w t hout
contam nation of the apparatus with ink. 10 If an
abnornmal discharge state is detected in said detection of the ink

di scharge state, an '

FIG. 24
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Ink Jet Recording Head, and Ink Jet

Recording Apparatus Utilizing the Same

5 BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an ink jet
_ recording apparatus adapted for use in a printer,
a facsimile, a word processox, a copying machine or
10 the like, and more particularly to a method for
detecting the temperature characteristics of an ink
jet recording heéd and jﬁdging the discharge state
" thereof.

Related Background Art

15 Recording apparatus for recording on a
recording medium such as paper or é sheet for
overhead projector have been commercialized in the
form employing a recording head of various recording
methods. Such recording head is known, for example,

20 in the wire dot method,‘the thermal method, the
thermal transfer method or the ink jet method.
Particularly the ink jet method is attracting
attention as a qguiet recording method of a low
running cost, S%QC?Wthé Iink is directly discharged

25 onto the recordihé mediuéi T

In such ink jet recording apparatus, an ink
tank containing ink is connected to the recording

Thig is the replacement sheet
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application for said detection of the ink discharge 25 state is made to

the i nk di scharge neans, and since the tenperature detection is

achi eved by a tenperature sensor which i s nmanufacturable

simul taneously with the - 36 -

I nk di scharge neans. Al se tzhe above- expl ai ned second and third

1 head through an ink supply pipe, and the ink is
supplied from such ink tank. Said ink tank may be
formed as an ink cartridge which is separate from the
recording héad and is replaceably mounted in the

5 recording apparatus, or as an integral unit with the
recording head, thch is integrally replaceably’
mounted in the recording apparatus.

In such ink jet recording apparatus, if the
ink supply is interrupted because of the exhaustion

10 of ink, the ink discharge becomes no longer possible
so that the recording ability is lost. In ofder to
avoid such situation, there ﬁas been commercialized
the recording apparatus with a function of detecting
the remaining ink &mount, thus generating an alarm

15 signal or requesting the replacement of the ink tank,
according to the amount of consumétion of ink.

For detecting the remaining ink amount, there
has been proposed a method of counting the pulse
signals supplied for ink discharge and thereby

20 calculating the amount of ink consumption, a method
of inspecting the change in the resistahce of ink
itself or of a member holding the ink, a method of
detecting the weight change of the ink tank, or a
methodgof forming a trgPsparenF‘q;ga@in an ink path

25 in tﬁeéink tank or ;n;ghgfrécoﬁaiéé he%ﬁ and
inspécting the preséhéé'oi absegéé of ink in said ink
'péth by the observation of the user or by a
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met hods for detecting the ink discharge state are appl i cabl e even when
the tenperature characteristics 5 of the recording head invol ve
fluctuation. Consequently there can be provi ded advant ages of
alleviating the control of precision in the di nension and material of
the heater board or base plate and in . 3the thickness of the
af orenenti oned adhesive material, 10 thus reducing the manufacturing
cost, and advant ages t hat such nethods are applicable regardl ess of
t he ki nd, physical properties and droplet size of the ink
Al so as the plet ecphohosénshe.ink di scharge state is executed when the
recordi ng head i s opposed L
In the above-mentioned method utilizing the
count of the ink discharge pulse signals, the
remaining ink amount is detected by calculating the
5 ink amount used in recording, from the product of the
number of- applied pulses and the amount of discharge
per ink droplet discharged by a pulse.
Also the method of remaining amount detection
by inspecting the resistance of ink etc. utilizes
10 a fact that ordinary ink has a certain specific
resistance due to the presence of water and other
conductive substances therein, measures the
resistance of the ink or the member ho;ding the ink
by means of & pair of electrodes provided for example
15 in the ink tank, and detects the remaining ink amount
based on a fact that the resistance between said
electrodes is correlated with the remaining ink
amount.
Also the method utilizing the weight change
20 of the ink tank relies on the change of force applied
to a spring provided in a member for mdunting the ink
tank, resulting from ink consumption, and detects the
remaining ink amount by activating an electrical
contact by the deformation of said spring.
25 However, such conventional methods as

explained above have been associated with the

following drawbacks.
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15 to an ink receiving nenber such as a cap, and as the ink is
elimnated fromsaid ink receiving nenber for exanpl e by the ink
suction before and after said detection, the discharged ink can be
securely captured and the contam nation within the recordi ng apparatus
20 can be m nim zed. The abqve-expl ai ned enbodi nent enpl oys a
di ode sensor for detecting the tenperature, but other sensors are
| i kewi se usable as |long as the tenperature of the recording head can
be detected. For exanple 25 the tenperature can be detected by neasuring

the rgsistance of irhe aligGk’ Qeh@lifBingt YNRIE BB UWHLAS the

recordiné operation becomes impossible, detected by
the above-mentioned methods, is influenced for
example by the unit-to-unit fluctuation of the

S recording head in manufacture, and is not highly
reliable, ‘so thét the recording operation may be
disabled immediately after the warning for such.limit
remaining amount or may still be properly conducted
even after such warning. According to the

10 egperiments of the present'inventors, such drawbacks
is particularly conspicuous in case ink is held in
the ink tank by means of an.ink holding member such
as sponge.

Besides thé amount ‘of ink droplet discharge

15 per pulse is influenced not only by the unit-to-unit
fluctuation of the recording head-but.also by the
ambient temperature, so that the exact calculation
of the amount of ink consumption is difficult.
Furthermore, the detection by visual inspection or

20 by photosensor has been unable to provide sufficient
accuracy..

Furthermore, the configuration becomes
complex by the presence of the detection members such
as the spring or the photosensor, or the presence of

25 the transparent area, for the detection of the
remaining ink amount.

Furthermore, the above-mentioned conventional
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di scharge heaters or other heaters. Also the

- 37 - tenperature sensor is provided on the heater board,
but such configuration is not limtative. Furt her nore,
t he. recordi ng apparatus may be provided with an ink receiving nmenber

conposed for 5 exanpl e of sponge,_cgqule of absorbing and retaining

1 methods, though being capable of detecting the
disabled recording state resulting from the
interruption of ink supply caused by the ink
exhaustion, are unable to detect the disabled

5 recording state that may occur before the complete
exhaustion of ink. Such disabled recording state’
before the ink exhaustion may be caused, for example,
by bubble formation, by air intrusion, in the ihk
path between the ink tank and the recording head,

10 or by interruption of ink supply due to generation
or growth of a remaining bqule in a recording head
designed to generate a bubbie for ink discharge, or
by destruction of meniscus at the ink discharge
opening due t¢ vibrfation applied to the recording

iS apparatus or the recording head, thereby causing the

liquid to flow into the nozzle of the recording head

from said ink discharge opening.

SUMMARY OF THE INVENTION

20 In consideration of the foregoing, the
principal object of the-present invention is to
provide an ink jet recording apparatus capable of
detecting the temperature characteristics for each
recording head and of effecting high precise
25 detection of the ink discharge state based on thus
detected temperature characteristics. Another object
of the present invention is to provide a method for
Thic is the raglacement sheet
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the ink, separately fromthe cap 222, and the ink di scharge for
detecting the ink discharge state nay be conducted on such ink

recei ving nmenber. Al so i nformation by the informng neans is given
when an 10 abnormal result is obtained by the detection, but the
information may be provided in case saf d®detection i ndi cates a nor mal
state, and the result of said detection nmay be provided by the
recordi ng apparat us or by the host apparatus. 15 [ Enbodi nent 2]

Accordin | nvent i described in the t enmpodi nent., an
elcggt?i cgl L.L‘gn;rtgete £ { O g tepperature C aracterJ{ fics nP ghe Mk

jet recordlng head, and a method for judging the
ink discharge state of the ink jet recording head.
The foregoing objects can be attained,

] according to the present invention, by an ink jet
recording apparaéus for effecting recording by
discharging ink from a discharge opening onto a
recording medium, comprising an electrothermal -
converter provided in said recording head:;

10 temperature detection means for detecting the
temperature of said recordiqg head; and temperature
characteristic detection meaﬁs for applying a |
predetermined energy to said electrothermal
converter, detecting the temperature change of said

15 recording head resulting from said energy application
by means of said temperature deteétion means and
detecting the temperature characteristics of said
recording head based on the result of said detection.

Also according to the present invention,

20 there is provided an ink jet recording apparatus for
effecting recording by means of a recording head
capable of discharging ink from a discharge opening
onto a recording medium, comprising input means for
enabiing the operator to instruct the execution of

25 detection of the ink discharge state of said
recording head, and ink discharge state detection

means for causing said recording head to discharge
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t he ink discharge heater to effect the heating thereof, in order to
know t he tenperature 20 characteristics of the recording head. However
t he heati ng means, to be used for heating the recording head
for obtaining said tenperature characteristics, is not limted to the
di scharge heaters, and there wi |  Be-expl ai ned another nethod in the
present 25 enboi dnent. The recording head (head cartridge) of t he
first enmbodinent is provided, as already explained inrelation to

Figs. 3A to 3C, with heaters 112a, 112b for
ink and detecting the state of ink discharge thereof,

in resppnse to the instruction of the operator
through said input means.
Also according to the present invention,

5 there is provided an ink jet recording apparatus for
effecting recording by means of a recording head
capable of discharging ink from a discharge opening
onto a recording medium, comprising ink discharge
state detection means for detecting the ink discharge

10 state of said recording head, and control means for
controlling said ink discharge state detection means,
in case defective ink disch%rge from said recording
head is detected by said means, thereby causing said
means to again detect the ink discharge state.

15 Also according to the present inventién,
there is provided an ink jet recofding apparatus for
effecting recording'by means of a recording head
capable of discharging ink from a discharge opening
onto a recording medium, comprising an electrothermal

20 converter provided in said recording head;
temperature detection means for detecting the
temperature in the vicinity of said recording head:
and judging means for judging the ink discharge state
of said recording head, through comparison of the

25 - temperature characteristics of said recording head
determined by the temperature change in the vicinity

of said recording head in response to a predetermined
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- 38 - tenperature regul ation of the recording head, in

addition to the discharge heaters. Consequently the t enperat ure
characteristics of the recording head can be detected, al so by
appl yi ng a predeterm ned 5 el ectrical energy to such heaters.

However, the ink discharge state cannot be detected fromthe
tenperature characteristics obtained by the heating of said heaters,
since ink discharge is

1 energy applied to said electrothermal converter and
the temperature detected by said temperature
detection means.

Also according to the present invention,

5 there is provided an ink jet recording apparatus for
effecting recording by means of a recording head
capable of discharging ink from a discharge opening
onto a recording medium, comprising ink discharge
state detection means for detecting the ink discharge

10 state of said recording head, and memory means for
storing, in case said ink di§charge state detection
means detects defective ink aischarge from said
recording head, the recording data at least since the
latest detection of the satisfactory ink discharge

15 state.

Also according to the pregent invention,
there is provided a method for detecting the
temperature characteristics of an ink 5et recording
head, comprising steps of applying a predetermined

20 . energy to an electrothermal converter provided in the
recording head for effecting recording by discharging
ink from a discharge opening onto a recording medium,
detecting the temperature change in said ;ecording
head resulting from said energy application, and,

25 Dbased on said detection, detecting the temperature
characteristics of said recording head.

Also according to the present invention,
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not induced by said heating. 10 For this reason, the follow ng
nmethod is adopted for detecting the ink discharge state, in case

t he above-nenti oned heaters not constituting the ink di scharge neans
are used as the heating neans for oQtaining the tenperature
characteristics of the- 15 recordi ng héad. ~ As explained in
the first enbodi nent, the difference in the tenperature
characteristics arises from whet her the ink discharge is executed. or

gfgb,l$or disd%grg@ﬁggzﬁ%e?ﬁ ,f?%&?%e$§gﬂéég?%%h§u8§§&§a£93 B§QEE5§9920
state of an ink jet recording head, which comprises
judging the ink discharge state of said recording
head, based on the result of detection of the
5 temperature characteristics according to the above-
mentioned niethod.

According to the configuration of the present
invent%on, in an ink jet recording apparatus fou
effecting recording by means of a recording head

10 capable of discharging ink from a discharge opening
onto a recording medium, a predetermined energy is
applied to an electrothermal converter prévided in
said recording head, then the temperature change of
said recording'head“resulfidg from said energy

15 application is detected by said temperature detection
means, and, based on the result of‘said detection,
the temperature characteristic detection means
detects the temperature characteristics of said
recording head.

20 . Also based on the result of detection of the
temperature characteristics of the recording head
obtained by said temperature characteristic detection
means, the judging means judges the ink discharge
state of said recording head.

25

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic perspective view of an
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activation of the above-nentioned heaters. Thus there can be

obt ai ned a tenperature change of the heater board, simlar to that
shown in Fig. 6, according to the ink filling state in the nozzles
and in the coomon 25 =~ |iquid chanber connecting thereto. Consequently
t he met hod of the first enbodi mento can be |ikew se applied, by
integrally considering the heating with

- 39 -

1 ink jet cartridge of the present invention;
Fig. 2 is an exploded perspective view of an
ink jet cartridge of the .present invention;
Figs. 3A, 3B and 3C are schematic views of
5 a recording part of the ink jet cartridge shown in
Fig. 2;
Fig. 4 is a schematic perspective view of. an
ink jet recording apparatus of the present invention:;
Fig. 5 is a block diagram of an ink jet
10 recording apparatus constituting a lst embodiment:
Fig. 6 is a chart showing the-temperatﬁre
change in the vicinity of a heater board in case an
electrical energy is applied to a discharge heater;
Figs. ‘7A and 7B &dre charts showing the amount
15 of temperature change in the vicinity of the heater
board in the course of applicatioﬁ of a predetermined
energy to the discharge heater;
Figs. BA and 8B are charts showing an
example of ink discharge and non-discharge conditions
20 for the electrical eneréy in the present invention;
Fig. 9 is a chart showing temperature changes
in the vicinity of the heater board in case two
electrical energies of ink discharge condition and
ink non-discharge condition are applied té the
25 discharge heater:
Fig. 10 is a chart showing constants obtained

in case two electrical energies of ink discharge
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the tenperature-regul ating heaters and that with the di schar ge

heaters. The tenperature characteristics not related to the ink
filling state of the nozzles can be obtained by activating the

t enper at ur e- 5 regul ati ng heaters only. I n the. present
enbodi nent, the detection of t he tiganperature characteristics is
achi eved by heaters different fromthe di scharge heaters.
Consequent |y t he di scharge heaters are used only for the ink 10
di scharge, and the ink discharge neans is not [imted to heaters.

Thus t he presemongridddinremd iinkamoni-ddlsicharge condition are applied
to the discharge heater;

Fig. 11 is a flow chart showing a first
method of detecting the ink discharge state described

5 in the first embodiment:

Fig. 12.is a flow chart showing a second
method of detecting the ink discharge state described
in the first embodiment:

Fig. 13 is a‘flow chart showing a third

10 method of detecting the ink discharge state described
in the first embodiment;

Fig. 14 is a flow chart showing a method for
moving the recording head to a position opposed to
a cap, described in the ‘first embodiment.

15 Figs. 15A and 15B are views showing the
structure and the principle of ink discharge of a
recording head employing a piezoelectric device;

Fig. 16 is a chart showing the temperature
change in the vicinity of the heater board during

20 and after the application of an electrical energy
to the discharge heater;

Fig. 17 is a chart showing the relationship
between the ambient temperature and the discharged
ink amount; |

25 Fig. 18 is a schematic view of a recording
head provided with a plurality of temperature

sensors;

This is the replacement sheet

]

Date:



to the ink jet recording apparatus equipped with a heater different

fromthe heaters for ink discharge. I nk di scharge neans not relying
on the heater include 15 t hose enpl oyi ng an el ectronechani cal converter
such as a piezoelectric elenent, and Figs. 15A and 15B

illustrate the cross-sectional view of gpch nozzle, wher ei n
illustrated a piezoelectric elenent 301, a heater 302, and a

di scharge opening 303. Fig. 15B 20 illustrates the principle of ink

di scharge. 1Ink is supplied fromthe left. A pulse supply to the

pi ezoel ectric el enent BO4.gegeiat 8sfhBowechant Cshowing andi ekamplen t herein,
t hus inducing ink discharge from

of detection of the ink discharge state in a

recording head provided with plural temperature

sensors;

5 Fig. 20 is a block diagram of the control
system of a regdfding apparatus consfituting a sixth
embodiment;

Fig. 21 is é flow chart showing the setting
of variable timing of detection of the ink discharge
10 state;
Fig. 22 is a block diagram of the control
system of a recording apparatus constituting a
seventh embodiment:
Fig. 23 is a flow chart showing the repeated
15 detection of the ink discharge state and steps before
said repeated detection; and
Fig. 24 is a flow chart shoﬁing the function
of a recording apparatus capable of re-recording,

constituting a seventh embodiment.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now the present invention will be clarified
in detail by preferred embodiments thereof shown in
the attached drawings. ”
25 Fig. 1 is a perspective view of a head

cartridge 3 integrally composed of a recording head
1 and an ink tank 2, in which the present invention
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t he di scharge opening 303. 25 [ Enbodi ment 3] In the

enbodi nents 1 and 2, the tenperature characteristics are determ ned
by detecting the rise - 40 -

in tenperature of the recording head when an el ectrical energy is
applied to the ink discharging - 13 -

1 is applicable, and Fig. 2 is an exploded perspective
view of the head cartridge 3, wherein shown are a
heater board 110 provided with plural discharge
heaters formed in an array on a Si substrate and

5 electrical wirings for supplying electric power
thereto; a gropﬁéd cover plate 140 integrally
provided with plural nozzles, an orifice platellgl
having discharge openings corresponding thereto, and
a common liquid chamber for containing ink for supply

10 to said nozzles; a wiring board 120 which is
connected at an end to the_peater board 110 for
.example by wire bonding and is provided at the other
end with pads 121 for receiving electrical signals
from the main-body~-of the recording apparatus; and a

15 metal base plate 130 on which said wiring board 120
and said heater board 110 are adhéred for example
with an adhesive material.

The heater board 110 and the grooved cover

plate 140 are fixed to the base plate 130, by

20 pinching said heater bo;rd 110 and the grooved cover
plate 140 with a press spring 150 and engaging the
leg portion thereof with a hole 131 in the base plate
130. An ink supply member 160 is provided with an
ink supply pipe 161 and an ink pipe 162 csnnected

25 thereto. The ink supply pipe 161 is connected to an
ink supply hole 101 of an ink tank 100, while the ink
pipe 162 is connecfed to an ink receiving hole 142 of
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heaters or the tenperature-regul ati ng heaters. However, the nethod of
t enperature neasurenent is 5 not Iimted to such-nethods, and anot her

met hod wil | be explained in the present enbodi nent. The heater

board exhibits the tenperature change as al ready explained in Fig. 6,
when the electrical energy is appl ijgd_to the heaters. After said
energy 10 application, the tenperature of the heater board descends
by heat dissipation, as shown in Fig. 16. Sai d tenperature descent is
determ ned by the tenperature of the heater board at the end of

applicationt of tihe greowedcabvercepguteandoth@hereby there is formed
an ink path from the ink tank 100 to the dischérge
openings of the orifice. plate 141.
Fig. 3A shows the details of said heater
5 board 110, and Fig. 3B is a partially cut off
perspective vie@ thereof. There is shown an array
111 of discharge heaters 1lla, provided respectively
corresponding to nozzles, communicating with the
discharge openings of the orifice plate 141. By
10 applying a voltage to said array 111 of the discharge
heaters, the ink in the nozzles obtains thermal
energy and is discharged as droplets from the
discharge openings of the orifice plate 141, to
effect the recording operation. Heaters 1ll2a, 112b
15 for temperature regulation can heat the vicinity of
the heater board 110. Temperatufe sensors 1ll3a,
113b, which can be formed by the semiconductor film
forming technology iA,a similar manner as the heater
array 111 and the heaters 1l12a, 112b and
20 simultaneously therewith, can detect the temperature
in the vicinity of the heater array 1l1l.

Hatched areas indicate the connecting
portions with the grooved cover plate 140. Each of
the discharge heaters constituting the array 111 is

25 an electrothermal converter of a resistance of 120 @,
capable of providing an energy of about 3 W with a
driving voltage of 19 V. Also each of the heaters
This W e (GpiECEMOtT SURET
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15 difference fromthe anbient tenperature. Consequently t he

t enperature changes dTa, dTb within a predeterm ned period dt after
the end of application of the electrical energy are correlated with

t he tenperature changes (increases) dTA, dTB caused by 20 said
energy application. Therefore, the nethegd.of the first enbodi nent can
be still applied by neasuring dTa, dTb and repl acing the

af orement i oned val ues of dTA, dTB with thus nmeasured values. In the
met hod of this enbodi nent, the detection of tenperature 25

characteristicdlaeg,t hé2becdsdcagpbead b€ a0t edbbécbddermal by t he noi ses
resulting fromthe activation of the
converter of a resistance of 144 Q, capable of
providing an energy of 4 W with a driving voltage of
24 V. Each of the temperature sensors 113a, 113b is
5 composed of a diode sensor, varying the output by
about 2.5 .mV pgﬁ one degree of temperature.

In the following there will be given an
explanation on the principle of ink discharge of the
recording head, adapted for use in the ink jet

10 recording apparatus of the present embodiment as
the recording means of thedpresent invention.

The recording head, adapted for use in the
ink jet recording apparatus, is generally provided
with a fine liquid-discharging opening (orifice), a

15 1liquid path, an energy action part provided in a -
part of said liquid path, and enefgy generating means
for generating a droplet forming energy to be applied
to the liquid present in said energy action part, and
is rendered replaceable. Such energy generating

20 means can, for example,.be a mechanism utilizing an
electromechanical converter such as a piezoelectric
element, a mechanism in which an irradiating
electromagnetic wave such as a laser beam is absorbed
in liquid to generate heat therein and a aroplet is

25 discharged and is caused to fly by the action of heat
generation, or a mechanism in- which liquid is heated

by an electrothermal converter to cause a droplet to
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heaters, because said detection is executed after the

- 41 - end of application of the electrical energy to said
heaters. Thus there is obtained an advantage that the timng of
tenperature detection with the tenperature sensor can be arbitrarily
sel ect ed. 5 [ Enbodi ment 4] - 16 -

1 fly.

Among these mechanisms, the recording head
of the ink jet recording .utilizing the thermal energy
for ligquid discharge is capable of recording with a

5 high resolving power, since the liquid discharging
openings (orificés) for discharging recording liquid
to form flying droplets can be arranged with a high
density. Besides, the recording head utilizing the
electrothermal converters as the energy generating

10 means can be formed in a compact structure, and can
also be easily formed as a long and flat or two-
dimensional configuration, fully exploiting the
advantages of the semiconductor technology and the
microworking technology, 'showing remarkable progress

15 and improvement in reliability in recent years. It
has therefore been rendered possiﬁle to provide an
ink jet recording head, which can be easily formed
in a configuration with multiple nozzles and with a
high density, and which has satisfactory mass

20 producibility and a low.manufacturing cost.

Such ink jet recording head employing an
electrotheﬁmal converter for the energy generating
means and produced with.a semiconductor manufacturing
process is generally provided with liquid'paths

25 respectively corresponding to ink discharge openings,
in which an electrothermal converter is provided in
each liquid path for applying thermal -energy to the
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The ink jet recording nethod is influenced by a change in the

physi cal properties of the ink, since the principle of ink discharge
utilizes such physi cal properties. As a representative exanple, the

amount 10 of ink discharge varies depending on the anbi ent

tenperature. In general, the anmount of Jnk di scharge in the ink jet

recordi ng decreases, as shown in Fig. 17, when the anbi ent

t enper ature becones | ower, because the ink viscosity increases at a
| ower 15 tenperature. If the ink di scharge anount varies

excessivelyl liqulid phesani dnt elaetpdhigtuide paghc dhegebiyon for the
discharging liquid from the corresponding ink
discharge opening and forming a2 flying droplet, and
in which the liquid is supplied to the liquid paths
5 from a common liquid chamber. With regard to the
method for forﬁing the ink discharge part, the
present applicant has proposed, in the Japanese
Patent Laid-Open Application No. 62-253457, a method
of laminating, on a first substrate, a solid layer
10 for at least forming the ligquid paths, a layer of a
material cur;ble with actiq}c energy at least
utilized for forming the walls of the liquid paths,
and a second substrate, then laminating a mask on
said second substrate, eéffecting irradiation with
15 actinic energy ray from above said mask thereby
| curing at least the walls of the'liquid paths in said
curable material layer, and eliminating said solid
layer and the uncured portions of said curable
material layer from thg space between the two
20 substrates, thereby fofming at least the liquid
paths.
Fig. 3C is a schematic y%gv of the ink jet
recording head explained above. The recording head
1801 is composed of electrothermal conveéters 1803,
25 electrodes 1804, liquid path walls 1805 and a cover
plate 1806, formed through a semiconductor

manufacturing process including the steps of etching,
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anbi ent tenperature may becone necessary in the f or egoi ng

enbodi nents, and the present enbodi nent 20 effects such correction for
t he tenperature. As al ready explained in the first

enbodi nment , the difference in the tenperature characteristics
arises fromthe heat dissipation by the i _di schar ge. Thus the
above- nenti oned tenperature change dTA becones larger or snaller
respectively when the ink di scharge anmount decreases or increases
fromthe normal amount. Stated differently, the variation in

1 evaporation, sputtering etc.

In such recording head 1801, recording liquid
1812 is supplied from an unrepresented liquid
reservoir to a common liquid chamber 1808 through a

S liquid supply pipe 1807.

There“ig also provided a liquid supply pipe
connector 1809. The recording liquid 1812 supplied
into the common liquid chamber 1808 is supplied into
the liquid paths 1810 by the capillary action, and is

10 stably maintained at the ink discharge openings 1811
at the ends of the liquid paths, by meniscus
formation. A currerit supply to the electrothermal
converter 1803 heats the liquid present thereon;
thereby generating”a bubble by film boiling

15 phenomenon, and a liquid droplet is discharged from
the ink discharge opening 1811 by‘the growth of said
bubble. The above-explained configuration allows to
obtain an ink jet recording head of multiple ligquid
paths, such as 128 or 250 liquid paths, with a high

20 liquid path density such as 16 path/mm.

Fig. 4 illustrates an example of the printer
unit of the ink jet recording apparatus of the present
embodiment. There are shown a head cartridge 201
including an ink jet recording head; a carriage 202

25 supporting the head cartridge 201 and effecting a
scanning motion in a direction S; a hook 203 for

mounting the head cartridge 201 onto the carriage 202;
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- 42 - dTA by the anbient tenperature beconmes no | onger
negligible, if the ink discharge anpbunt varies significantly

dependi ng on the anbi ent tenperature. Thus, there will be
expl ai ned a net hod of 5 preventing the excessive variation of dTA from
t he reference value at a referechgtgnperature, despite of the
variation of the anbient tenperature. Such t enper at ure conpensation
can be achi eved by increasing

1 a lever 204 for operating the hook 203; a support
plate 205 for supporting an electrical connecting part
for the head cartridge;.a flexible printed circuit
(FPC) 206 for connecting said electrical connecting

S part and a control unit of the main body:; and a guide- -
shaft 207-insef£ed in a bearing 208 of the carriage
202, for guiding the same in a direction S.

A timing belt 209, connected to the carriage

202 for moving the same in the direction s, is

10 supported by pulleys 210A, 210B positioned on both

ends of the apparatus. A pulley 210B receives the
driving force from a carriage motor 211, through a
transmission mechanism such as gears. A transport
roller 212 serves to define thé recording face of the
15 recording medium such as paper, and to transport said
recording medium at the recordiné operation, and is
driven by a transport motor 213. There are also
provided a paper pan 214 for guiding the recording
medium to the recordiqg position, and pinch roilers
20 215 provided in the feeding path of the recording
medium for pressing the same to the transport roller
212 and for transporting the same.
There are further provided a platen 216
opposed to the discharge openings of the head
25 cartridge 201 and serving to define the recording
face of the recording medium; discharge rollers 217

positioned at the downstream side of the recofding
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or decreasing the energy applied to the heaters, 10 respectively when
the anbi ent tenperaturée is |ower or higher than the reference
tenperature. More specifically, there is determ ned an applied energy
for providing the opti num dTA for each anbi ent tenperature, by
collecting data of dTA for different 15 applied energies for each

anbi ent tenperature, and the energy applied to the heaters is
controlled according to said data. The applied energy
may be varied by a change in the pul se duration, the nunber of
appl i ed pulises paiticer irheclspEdwethedind afierection of the recording

medium and serving to discharge the recording medium
toward an unrepresented .discharge exit:; spurs 218
positioned corresponding to the discharge rollers 217
S and serving to press the discharge rollers 217 across
the-recordingumédium, thereby generating the
transporting force of the discharge rollers 217 on the
recording medium; and a releasing lever 219 for
releasing the biasing action of the pinch roller 215
10 and the spurs 218 for example at the setting of the
recording medium.
The platen 216 is supported at both ends,
rotatably. about the shaft of the discharge rollers 217,
‘and is biased from the stop position of the lateral
15 plates 220 toward a front portion 221 of the paper pan
214. The transport roller 212 is in contact, in
Plural portions 212A of a reduced diameter, with the
inside of the front portion 221 of said paper pan.
A cap 222,.cpmposed of an elastic material
20 such as rubber and so bositioned as to oppose to the
face containing the ink discharge openings of the
recording head at the home position, is so Supports
as to be contacted to or separated from said recording
head. Said cap 222 is used for protecting the
25 recording head in the non-recording state, or for the
discharge recovery operation for the recording head.

Such discharge recovery operétion is conducted
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It is also possible, instead of varying the energy applied to the

heaters, to vary the criteria of judgnent utilizing the detected

t enperature characteristics (tenperature change) according to 25
t he ambi ent tenperature. For exanple, in the 3rd nethod of
the first enbodi ment, the val ue of,;the constant Kl varies

- 43 -

1 for example by positioning the cap 222 opposite to
said face containing the ink discharge openings and
activating'the energy generating elements, provided in
the nozzles of the recording head for ink discharge

5 thereby discharging ink from all the discharge
openings and thﬁs eliminating Subblés and dusts which
are the cause of defective discharge or viscosified
ink unsuitable for recording (operation called
preliminary discharge), or by covering said face

10 . containing the discharge openings with the cap 222 and
forcedly sucking the ink from all the discharge
openings with a suction pump, thereby eliminating the
cause of defective discharge. .

A pump 223 provides thé suction force for

15 forced discharge of ink and is used for sucking the
ink received by the cap 222, at fhe discharge recovery
operation by such forced discharge or by the
preliminary discharged. A used ink tank 224, for
receiving the used ink sucked by the pump 223, is

20 connected with said puﬁp 223 through a tube 228.

A blade 225, for wiping the face containing
the discharge openings of the recording head, is
supported movably between a position protruding
toward the recording head for effecting the wiping

25 operation in the course of carriage movement and a
retracted position not engaging with said face. There
are further provided a motor 226, and a cam device
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depending on the anmbient tenperature. It is therefore conceivable to

cal cul ate the constant K1 for each anbi ent tenperature and to
determ ne the optinmum constant K for each anbi ent tenperature. 5
[ Enbodi nent 5] In the followng there will be explained an
application in which the recordi ng head %g provi ded wi th plural

t enper ature sensors. Fig. shows a configuration of the

heater 10 board 110, in which, in the array of the discharge
heaters 111, a tenperature sensor 113 is provided for

1 227 for driving the pump 223 and moving the cap 222
and the blade 225 by the driving force transmitted
from said motor 226.

Fig. 5 is a block diagram showing an example

S of the control system of the recording apparatus
explained'aboue;

The capping position and the moved position
of the carriage 202 shown in Fig. 4 can be known by
a recovery system home position sensor 235 and a

10 carriage home position sensor 236. In Fig. 5, there
are shown an MPU 1000 for controlling various units
by éxecuting a control sequence according to a
predetermined program; a ROM 100l storing the program
corresponding to said control sequence; and a RAM used
15 as a work area in the execution of said control
sequence. .

In the following there will be given a
detailed explanation on the measurement of the
temperature characteristics of the above-explained

20 recording head, and the method of detecting the
discharge. state of ink, utilizing said -measurement.
(Embodiment 1)

At first there will be explained a first
embodiment of the present invention.

25 Fig. 6 is a chart showing the temperature
change in the vicinity of the heater board 110 when

an electrical energy is given to the discharge heaters
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exanple for every eight discharge heaters. Thus, if t he heater board

110 has 64 discharge heaters, there wll be 8 tenperature sensors 113
on the same heater 15 board. The outputs dTl - dT8 of said eight
tenperature sensors are transmtted to the printer control unit
shown in Fig. 5 and supplied to the MRB - 1000. Based on each result
of tenperature detection, there can be discrimnated whether the ink
di scharge 20 state is normal or abnormal, according to the

detecting procedure explained in the first enbodi nment. : Each

t enper at ute séhder represents best the tenperature state in the

vicinity of said sensor, so .
A curve A shows a state of normal ink

discharge, while a curve. B shows a state of absence
of ink dischdrge due to insufficient ink filling in

5 the liquid paths of nozzles in the recording head or
in “the common.liquid chamber.communicating thereto.
It will be understood that the temperature change.is
larger in the absence of ink discharge (curve B) than
in the presence of ink discharge (curve A). In

i0 general, the temperature of the heater board 110 is
determined by the heat supply from the discharge
heaters 111 constituting.the heat source, and by the
heat dissipation to the base plate 130 and the grooved
cover plate 140. 1In the presence of ink discharge,

15 the heat dissipation becomes larger because the ink
is discharged to the outside with.heat, and the
difference in tempeérature characteristics results for
this reason.

It is consequently possible to detect whether

20 the ink discharge is poésible, by detecting the
temperature characteristics in the vicinity of the
heater board 110 when a predetermined electrical
energy inducihg the ink discharge is applied to the
discharge heaters 111.

25 More specifically, at first the temperature
change dTA is measured in the vicinity of the heater
board 110 when the predetermined electrical energy
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that an abnormal ink discharge state, identified by 25 the tenperature

detection by a sensor, can be considered to indicate abnormal ink
di scharge of the i nk di scharge nmeans in the vicinity of said sensor
- 44 - 1 In the present enbodinent with plural tenperature

sensors, the abnormal state is infornmedaly-the

10

15

20

25

inducing the ink discharge is applied to the discharge
heaters 111 in a normal state in which the nozzles and
the common liquid chamber communicating thereto are
sufficiently filled with ink. Then the temperature
change dTB after é predetermined time is measured in

a state in whipﬁ ink is absent in the nozzles and in
the common liquid chamber. When these measurements
are conducted on a plurality of heat cartridges and
are statistically processed, there are obtained
plottings as shown in Fig. 7A. In this manner there

are determined, in advance, the maximum wvalue TA of

~ dTA and the minimum value TB of dTB.

Fig. 11 is a flow chart éhowing the seguence
of detecting the ink discharge state, to be executed
by the MPU 1000, and a,correspohding program is stored
in the ROM 100l1. In the following there will be
explained a first method for detecting whether the
ink discharge is possible. At first the aéove—
mentioned predetermined electrical energy is applied
to the discharge heatefs 111 (step Sl). Then the
temperature change AT in the vicinity of the heater
board 110 is measured by the recording head
temperature sensor 113 (step S2), and is compared
with the values TA, TB (steps S3, S4). éased on said
comparison, the ink discharge state is identified as
normal if dT s TB (step S6), or as abnormal if 4T >

TB {step SS5S). Since TA and TB are determined from the
This is the replacement sheet
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i nform ng nmeans 1004 if an abnormal state is found in any of the

detected tenperature changes dTl - dT8, 5 as shown in a flow chart in
Fig. 19. The control sequence of the present enbodi nent
will be explained with reference to Fig. 19. At first a step S26

nmeasures the tenperature change dT1 by- 25 - first tenperature sensor 1.
Based on said 10 neasurenent, a step S27 effects the tenperature
conpari son as explained in the first enbodi nent, and, if a step S37
identifies gn abnormal di scharge state S38, generates an

] a step.
alarm On the offf&°UAEAENtSr of 2 plPﬁéldF¥cﬁﬁr§8°§F§ﬁ§9 &3S ndi* ¥ & or di ng

to the is not encountered a situation TA < 4T < TB.
The above-mentioned predetermined electrical

energy including ink discharge is, for example as

5 shown in Fig. 84, éomposed of 1000 pulses of a pulse
duration of 7uuéec and a frequency of 4 kHz, applied
to all of 64 nozzles, and said energy is defineq“as
El. In this case TA, TB are respectively about 14.5°
and 15.5°.

10 In the following.there will be explained a
second method which is applicable even in case the
temperature characteristics show a large fluctuation
among different head cartridges.

The above-explained method is not usable in

15 case the fluctuation among different head carfridges
is large so that the maximum value of dTA is larger
than the minimumhvalue of 4TB, namely in case of
TA ~ TB as shown in Fig. 7B. Such fluctuation in the
temperature characteristics may result from the

20 fluctuation in the thiékness of the adhesive material
between the heater board 110 and the base plate 130,
or in the resistance of the discharge heaters 111, or
in the dimension or the physical properties of the
heater board and the base plate. Also iﬁ case the

25 ink discharge is conducted, such fluctuation may also
arise from the change in the amount of heat

dissipation by the in, due to variations in the
Thig is the replasement sheet
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15 detection by the sensor 1, a step S28 neasures the tenperature

change dT2 in a simlar manner by a sensor 2. Thereafter the
tenperature detections are conducted to a sensor 8 in succession in a
simlar manner (steps S28 to S34), and the abnormality is 20
informed by said informng neans if the-absotnal di scharge state is
detected in any of said sensors. On the other hand, if all the results
of said sensors are normal, the ink discharge state is identified as
normal . 25 A nore accurate detection of the ink discharge

state i s madé posir®l efbjnkhéropdetds snéhipl thel physical properties

of ink.
As the relationship dTB > dTA stands for all
the head cartridges as explained in relation to Fig.

5 6, a value (ATB - dTA) is calculated for each head
cartridge-and_fhe minimum TD of said values is-
statistically determined, based on the data partially
shown in Fig. 7B. Thus, a relationship 4TB - dara > TD
stands for any head cartridge. Also it is assumed in

10 general that the nozzles are in the normal ink filling
state at the start of the.Fecording operation, because
of the automatic discharge recovery process.

Fig. 12 is a flow chart showing said second’
method. At first,; at the start of the recording

15 operation, at which the nozzles are in the normal ink
filling state, the above-mentionéd predetermined
electrical energy is applied to the discharge heaters
111 (step s§7), and the temperature change in the
vicinity of the heater board 110 is measured in order

20 to determined 4ATA (steé S8). For detecting whether
the ink discharge is possible, the above-mentioned
predetermined electrical energy is applied to the
discharge heaters 111 (step S9), then the temperature
change dT in the vicinity of the heater Soard is

25 measured (step S10), and the ink discharge state is
identified as normal if arT < 4TA (step Sl4), or as

abnormal if 4T 2 dTA + TD (step S13).

ey . . U y 3 . +
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tenperature sensors. In the present enbodi nent, there

- 45 - 1 Is provided a tenperature sensor for every eight
di scharge heaters, but such configuration is not limtative, and it
is also possible to provide each di scharge heater with an individual

t enper ature sensor 5 and to detectzfhe ink discharge state for each

1 When said predetermined electrical energy is
selected as El mentioned before, the TD becomes about
2°. .
However, since this method unconditionally
5 assumes that the temperature change in the vicinity
of ;he heater Qoérd 110 is equal to 4TA when said
predetermined electrical energy is applied to the
discharge heaters 111 at the start of the recording
operation, there will be encountered an erroneous
10 detection if the ink filling state of the nozzles
.becomes abnormal for some reason at the start of the
recording operation.
In the following there will be explained a
third method for avoiding this drawback, by utilizing
15 reference temperature characteristics not related to
the ink filling state of the nozzlés, measured for
each head cartridge.
As already explained in relation to Fig. 6,
the difference in the temperature characteristics
20 resulting from the ink filling state of the nozzles
is caused by the heat dissipation at the ink
discharge. Therefore, for obtaining the reference
temperature characteristics mentioned above, there
can be conceived to provide the discharge'heaters
25 with a low electrical energy that will not induce ink
discharge even ét the normal ink filling state of the
nozzles.
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di scharge heater by detecting the tenperature characteristics
thereof. Also the abnormality is i nformed in case any of the detected
results is abnormal, but such process can be arbitrarily selected 10
according to the characteristics of the yecording head or the
structure of the recordi ng apparatus. ~ 28 - Also this enbodinment is
applicable to the ink jet recordi ng head enpl oyi ng the af orenenti oned
el ectronmechani cal converters, if it is provided with 15 an

electrotherfal convert@karbgéﬁaggﬁﬁﬁqégne%ﬁct{fggﬂegAéybygﬁggrate from

t he i nk di scharge neans.
inducing the ink discharge even in the normal ink

filling state of the nozzles can be, for example as
shown in Fig. 8B, 3000 pulses of a pulse duration of

5 2 pysec and a frequency of 6 kHz applied to all of 64
nozzles, and §aid electrical energy is defined .as E2.
When said electrical energy E2 is applied to the
discharge heaters 111, the temperature change in the
vicinity of the heater board 110 remains substantially

10 same regardless of the ink filling state of the
nozzles, because the heat is not dissipated by the ink
discharge. )

Now, let us consider the relationship between

the reference temperature characteristics, obtained

15 by the application of the electrical energy EZ which
does not induce the ink discharge'even in the normal
ink filling state of the nozzles and is exemplified
in Fig. 8B, and the temperature characteristics,
obtained by_fhe application of the electrical energy

20 El as shown in Fig. 8A:and inducing the ink discharge.

F;g. 9 is a chart showing the temperature

changes in the vicinity of the heater board 110, when
the above-mentioned two electrical energies are
applied to the discharge heaters 11l1. '

25 A curve A shows a case with appropriate ink
filling in the nozzles and in the common liquid

chamber communicating therewith and with normal ink
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The detection of the ink discharge state according to the present

I nvention is conducted, as 20 explained in the first enbodi nent, after

t he conpl etion of recording operation of every page, but timng
of such detection may be rendered vari abl e, as will be explained in
the foll ow ng. Fig. 20 is @btock diagramof a recording 25
apparatus in which the timng of said detection can be set in variable
manner. | nput nmeans 1005 is provi ded, for entering said timng,

separately from_, . ,
1 discharge under the application of the electrical

enexrgy El, while a curve B indicates a case of absence
of ink in the nozzles and in said common liquid
chamber under the application of said electrical

5 energy El. A curve C indicates the case of
application of ﬁhe electrical energy E2, and the
curve remains substantially same regardless of the
ink filling state, as explained before. The
respective temperature changes are represented by

10 4TA, 4TB and 4TC.
When these measﬁremgnts are conducted on

plural head cartridges, the values of dTA, 4TB, dTC
are different among different head cartridges, but

following relations stand for each head cartridge:

15 dTA = K1 x ATC (K1 being constant for each
cartrid§e)
dTB = K2 x dTC (K2 being constant for each
cartridge)
K1 < K2
20 Thus, if the canstants K1, K2 are known, the

temperature changes dTA, 4dTB relating to the presence
or absence of ink can be calculated from the
temperature change dTC based on the reference
temperature characteristics. |

25 ' Then, let us give further consideration on the
constants K1, K2Z.

Fig. 10 shows the constants K1, K2 in the

] s % . N
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- 46 - 1

t he keyboard, but said keyboard may al so be used for

sai d i nput neans. Since the detection of the ink discharge

state

i nvol ves the ink discharge, the anount of ink 5 avai l abl e

for recording decreases, though slightly, when such detection is
executed. The configuration I n whi @p the user can vary the timng of

such

10

15

20

25

plural head cartridges Nos. 7 to 12, showing large
fluctuations in the temperature characteristics, in
the measurement shown in Fig. 7B. As will be seen
from Fig. 10, there stands a rélationship:

Klmax < K2min
between the maiimum value Klmex of K1 and the minimum
value K2min of K2. Said relationship stands even in
the head cartridges with significant fluctuatibn in
the temperature characteristics, because the ratios
of the temperature changes dTA, 4TB, 4dTC, based on the
temperature characteristiq; of each cartridge, are
considered instead of said temperature changes
themselves.

Theréfore, theré are obtained relationship:

dTA < K x dTC |

dTB 2 K x dTC
for all the head cartridges by selecting a new
constant K so as to satisfy a relation:

Klmax < K < K2min (1).

Fig. 13 is a flow chart ‘showing a detecting
sequence for the ink discharge state, .nased on the
above-mentioned relations. At first a predetermined
electrical energy E2 not inducing the ink discharge
is applied to the discharge heaters (step S15), and
then the temperature change dTC of the recording head
is measured (step S16). Subsequently a predetermined

energy El inducing the ink discharge is applied to
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detection allows to econom ze the ink anmount consuned I n such
detection, and also allows to inprove the 10 accuracy of detection by

effecting the detections at a short interval. Fig. 21
is a flowchart for the setting of the timng of said detection. As
an exanple, the detection is execldled at an interval, in the
automatic 15 node, selected either by a nunber of days (steps $41,
S42), or by a nunber of hours (steps 843 S44), or by a nunber of
recorded sheets (steps S45, S46) or a nunber of recorded

char act er s1(st&pe Guschazgy heaters (Séﬁﬁcﬁiéh theRhEhapheEPeRBEErS n

response to an
change dT of the recordlng head is measured (step S18)

and is compared with X x 4dTC (step S19), whereupon the
ink discharge state is identified as normal if
5 dT £ K x 4TC (step S20) or as abnormal if 4T > K x 4TC
(step S21). B
When the aforementioned electrical energies
El, E2 are adopted, the values of Klmax, K2min-were
experimentally determined as about 1.45 and 1.75.

10 Consequently, in this case, the value K can be
selected for example as 1.6, in order to satisfy the
aforementioned relation (1).

In the ink discharge state detecting methods
explained above, the temperature detection by the

15 temperature'sensor is conducted during the.application
of the electrical energy to the discharge heaters.
Since the temperature drops rapidly after the
application of the predetermined energy, there may
result an error in the detection if the detection is

20 repeated plural times éfter said energy application.
For this reason, the temperature detection is
preferably conducted during the energy application.

However, if the energy application is executed
in the pulse form as shown in Figs. 8A and 8B, stable

25 detection is difficult because of an abrupt
temperature change or a noise generation when the

pulse signal is turned on. In the present embodiment,

Thafos i diag i e s g e
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20 I nstruction entered fromthe input neans 1005 (steps S39, $40).

In addition to such presettable intervals, there may be selected a
standard default interval, stored in the control unit of the
recordi ng apparat us (step $49). 25 The detection of the
I nk di scharge state is executed adecording to the timng or the

I nterval thus set.

1 therefore, the temperature detection in the course
of energy application is conducted in synchronization
with said pulses, when the pulse is turned off. Also
if the temperature detection has to be conducted
5 after the energy application, it is executed within
a limited or shogt time after the energy application.
In the following there will be explained the
recording process, with reference to Fig. 4, in a
recording apparatus capable of detection of the
10 temperature characteristics of the recording head
and detection of the ink diggharge state utilizing
said temperature characteriséics.
At fi;st, when the power supply to the
recording apparatus” is turnéd on, the recovery motor
15 226 is activated to set the recovery unit at the home
position of the recovery system ana to retract the
cap 222. Then the c¢arriage 202 is set at the home
position opposed to the cap 222. Then the cap 222
is again contacted with the nozzles of the recording
20 head, and the entry of éhe recording data signal is
awaited. In response to said entry, the transport motor
213 is activated to initiate the feeding of the recording
medium, such as paper, up to a front end position of
the desired recording. Then the cap 222 is retracted
25 and separated from the noizles'of the recording head,
and the carriage 202 is set at the home position

T S
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- 47 - 1. Such settable timng of detection allows to

econom ze the ink consunption required in the detection of the ink
di scharge state, and to inprove the accuracy of detection. In the
present enbodi nent, 5 said manual node is rendered sel ectable
separately fromthe autonmatic modg in which the detection is
executed at a preset interval, but it is also possible to conbi ne
bot h nodes whereby the detection is normal |y executed at the present

interval but is 10 additionally executed in response to an instruction
1 opposed to the cap 222. Subsequently the

predetermined preliminary discharge is executed, and
the carriage 202 is moved to a desired recording
start pd;iéion. Said preliminary discharge in this
S embodiment is executed prior to the recording
opération, and élso in the course of the recording
operation, by the movement of the carriage 202 to said
home position again, after the lapse of a
predetermined period of T seconds from the préceding
10 preliminary discharge.
Thereafter desired recording operation is
executed by the discharge of ink droplets according
to ink discharge signals corresponding to the
recording data. After the recording of a page of the
15 recording medium, the recording medium is discharged,
and there are conducted the detecéion of the
temperature characteristics of the recording head and
of the ink discharge state. In the present
embodiment, the detection of the ink discharge state
20 is conducted after the recording of a page. Thus said
detection. is executed after the recording of a page
if the recording data are less than a page, or after
the recording of each page if the recording data cover
plural pages.
25 Since the detection of the ink discharge state

involves ink discharging operation, it is executed, as

in the preliminary discharge explained before, at the
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entered through the input neans when necessary. Al so t he present

enbodi nent is applicable to any ink jet recordi ng appar at us,
regardl ess of the neans for detecting the ink discharge state or of
the ink 15 di scharge neans in the | oaded recordi ng head.

[ Enbodi nent 7] In the fol3lsowi ng there w il be explained an
i nk jet recordi ng apparatus capabl e of detecting the I nk di schar ge
state, provided with nenory neans 20 capable of retaining a series of
recordi ng data, and adapted to retain the recording data in case

abnor mal i gy i hodet Posed iion sdtededdthecicagriage tis opposed to the cap
222. Fig. 14 is a flow chart showing said detection
process. When the detection sequence is initiated,
there is discriminated, by unrepresented position
S5 detecting means, whether the head cartridge 201 is
located at the-podsition opposed to the cap (step S$22),
and, if not, the carriage is moved to the position
opposed to the cap 222 (steps S23, S24). If the step
S22 identifies that the head cartridge 201 is
10 positioned opposite to the cap, a step S24
discriminates whether the cap 222 is in contact with
the face including the ink dischafge openings, and,
if in contact, the cap is opened (step $25). Said
detection is executed while the cap 222 is not
.15 contacting said face including the ink discharge
openings, in order to prevent tha£ the ink discharged
and received in the cap 222 comes into contact with
said face.
In the detectioq of the ink discharge state,
20 the ink discharge inducing energy, composed of 1000
pulses of a pulse duration of 7 psec and a frequency
of 4 kHz applied to all of 64 nozzles, causes the
discharge of ink of about 5 mg. In order to avoid
contamination of the interior of the recording
25 apparatus by the discharged ink, it is discharged
toward the cap. Also in the present embodiment, in

order to ensure the reception of ink into the cap, and
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repeat the recording operation according to thus retai ned data. Fig.
22 is a block diagramof such 25 recordi ng apparatus, in which provided

i nput means 1005, capable of entering the timng of detection of
the ink discharge state and an instruction for
- 48 - - 35 -

1. also for discarding the ink in the cap or in the pump

223 connected to the cap 222 in advance, the pump 223
is activated to effect suction wh;le the cap 222 is
separated from the face containing the discharge

5 openings of the recording head. This operation is
executed beforé:and after said detection of the ink
discharge state, whereby said detection can be
conducted without contamination of the apparatus with
ink.

10 If an abnormal discharge state is detected in
said detection of the ink discharge state, an
abnormality signal is generated to display a-warning
message, to turn on a light-emitting diode, or to
inform an aldrm by information ‘means 1004 such as an

15 alarm buzzer. When the abnormal state is eliminated
by the user, there is executed a'predetermined re-
starting procedure.

As explained in the foregoing, the detection
of the ink discharge state based on the temperature

20 characteristics of the recording head allows exact
detection without particular components® therefor.
Also the present embodiment enables detection with an
inexpensive configuration, since the energy
application for said detection of the ing discharge

25 state is made to the ink discharge means, and since
the temperature detection is achieved by a temperature
sensor which is manufacturable simultaneously with the
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detection in the manual node as explained in the pr ecedi ng

enbodi nent ,

of recording data. Said
5 unit and the control unit. At first,
- 3gnk discharge state of the present
t here w Il be explained the difference fromthe nethod
of the first enbodinment, with reference to the flow 10 chart

the printer

respect to the detection of the

enbodi nent ,

and nenories 1006a, 1006b capabl e of retaining a series
menories nmay be provided only in either of

with

shown in Fig. 23. Said detection is executed by the net hod al ready
expl ai nedli n tink fisstharge meagsbodi ment, but an i nproved accuracy of

detection'is

10

15

20

25

Also the above-explained second and third
methods for detecting the ink discharge state are
applicable even when the temperature characteristics
of the recording head involve fluctuation.
Consequently theée can be provided advantages of
alleviating the control of precision in the dimension
and material of the heater board or base plate ;nd in
the thickness of the aforementioned adhesive material,
thus reducing the manufacturing cost, and advantages
that such methods are applicable regardless of the
kind, physical properties and droplet size of the ink.

Also as the detection of the ink discharge
state is executed when the recording head is opposed
to an ink receiving member such as a cap, and as the
ink is eliminated from said ink reéeiving membexr for
example by the ink suction before and after said
detection, the discharged ink can be securely captured
and the contamination within the recording apparatus
can be minimized. |

The above-explained embodiment employs a diode
sensor for detecting the temperature, but other
sensors are likewise usable as long as the temperature
of the recording head can be detected. Fo? example
the temperature can be detected by measuring the
resistance of the electrothermal converters such as

discharge heaters or other heaters. Also the
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attai ned by executing, once abnormal discharge state I s detected,
anot her detection of the discharge state 15 after an autonmatic

di scharge recovery operation i ncluding the ink suction fromthe
recordi ng head (step S59) and an ink discharge operation of a

predet ermi ned anount (step S60), and th&7abnornmality Is identified
If the abnornmality is detected in such 20 repeat ed detection also after
the initial abnormality det ecti on. Sai d di schar ge
recovery operation and said _ink discharge of predeterm ned anount
are executled temperpfugedeensercaff PEAVIABEnER the gﬁPFFEI baBRBrmal ity

but such configuration is not limitative.

Furthermore, the.recording apparatus may be

provided with an ink receiving member composed for
5 example of sponge, capable of absorbing and retaining -

the -ink, sepa:afélf from the cap 222, and the ink
discharge for detecting the ink discharge state may be
conducted on such ink receiving member. Also
information by the informing means is given when an

10 abnormal result is obtained by the detection, but the
information may be provided in case said detection
indicates a normal state, and the result of saigd
detection may be provided by the recording apparatus
or by the host apparatus.

15 [Embodiment 2]

According to the invention described in the
first embodiment, an electrical energy is applied to
the ink discharge heater to effect the heating
thereof, in order fo know the temperature

20 characteristics of the fecording hgad. However the
heating means, to be used for heating the recording
head for obtaining said temperature characteristics,
is not limited to the discharge heaters, and there
will be explained another method in the p%esent

25 emboidment. The recording head (head cartridge) of
the first embodiment is provided, as already explained

in relation to Figs. 3A to 3C, with heaters 112a, 112b for
This is the replacement sheet
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25 detection is due to the exhaustion of ink in the recordi ng head.
More specifically, said operations are executed in order to

di scri m nate whet her the - 49 -
initial abnormality detection is due to bubble

formation in the ink

path of the recording head or +n8&rruption of ink supply for exanple
by the neni scus

1

10

15

20

25

temperature regulation of the recofding head, in
addition to the discharge heaters. Consequently the
temperature characteristics of the recording head can
be detected, also by applying a predetermined
electrical energy to such heaters.

However; the ink discharge state cannot be
detected from the temperature characteristics obtained
by the heating of said heaters, since ink discharge is
not induced by said heating. |

For this reason, the following method is
adopted for detecting the ink discharge state, in case
the above-mentioned heaters not constituting the ink
discharge means are used as the heating means for
obtaining the temperature chardcteristics of the
recording head.

As explained in the firsé embodiment, the
difference in the temperature characteristics arises
from whether the ink discharge is executed or not. It
is therefore conceived to drive the discharge heaters
also, for discharging éhe ink, in the course of
activation of the above-mentioned heaters. Thus there
can be obtained a temperature change of the heater
board, similar to that shown in Fig. 6, according to
the ink filling state in the nozzles and‘in the common
liquid chamber connecting thereto. Consequently the
method of the first embodiment can be likewise

applied, by integrally considering the heating with

."”(_ ig tha ‘;'r":!;i"i"‘;.‘.‘;““-’\_qﬂ‘c
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destruction resulting fromvibration at the ink 5 di schar ge openi ngs,

that may occur prior to the exhaustion of ink, or due to ink
exhaustion in the recordi ng head. If the ink is not
yet exhausted, the ink supply fromthe ink tank can be restored by
the 10 di scharge recovery operationi¢ncludi ng the suction

operation (step S59), and, the ink supply is secured by the ink

di scharge of a predeterm ned anount in the step S60. Thus the nornal
i nk discharge state is confirnmed in the repeated detection. However,

if 15 lsai dtblet tempearabwmoe me¢ gt Yat snglukesberbean@kthat with the
discharge heaters. The temperature characteri§tics
not related to the ink filling state of the nozzles
can be obtained by activating the temperature-
5 regulating heaters only.

In the,ﬁresent embodiment, the detection of
the temperature characteristics is achieved by heaters
different from the discharge heaters. Consequently
the discharge heaters are used only for the ink

10 discharge, and the ink discharge means is not limited
to héaters. Thus the present embodiment is applicable
to the ink jet recording apparatus equipped with a
heater different from the heéters for ink discharge.
Ink discharge mean$ not relying on the heater include

15 those-employing an electromechanical converter such as
a piezoelectric element, and Figs; 15A and 15B
illustrate the cross-secticonal view of such nozzle,
wherein illustrated a piezoelectric element 301, a
heater 302, and a discharge opening 303. Fig. 15B

20 illustrates the principie of ink discharge. Ink is
supplied from the left. A pulse supply. to the
piezoelectric element 301 generates a mechanical
distortion therein, thus inducing ink discharge from
the discharge opening 303.

25 [Embodiment 3]

In the embodiments 1 and 2, the temperature

characteristics are determined by detecting the rise
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exhaustion, the secure ink supply cannot be restored in the

di scharge recovery operation. Even if the ink of a small anount is
guided to the ink discharge neans by said suction operation fromthe
ink tank, the ink 20 supply will be again interrupted in the succeeding
I nk di scharge operation of the predetergg ned anount, so that the

di scharge abnormality is detected again I n the repeated detection.
Fig. 24 is a flow chart showing the control 25 sequence i n which the
recording data are retained in t he menory means 1006 shown in Fig.

22, wherehy then temperatsrefof hthe everaiditpgidiead rdsep téamg fromt he
electrical energy is applied to the ink discharging
heaters or the teﬁperature—regulating heaters.
However, the method of temperature measurement is

) not limited to such methods, and another method will
be explained in éhe present embodiment. The heater
board exhibits the temperature change as already
explained in Fig. 6, when the electrical energy is
applied to the heaters. After said energy

10 application, the temperature of the heater board
descends by heat dissipation, as shown in Fig. 16.
Said temperature descent is determined by the
temperature of the heater board at the end of
application of the electricdl erdergy, and the

15 difference from the ambient temperature. Consequently
the temperature changes dTa, dTb within a
predetermined period dt after the end of application
of the electrical energy are correlated with the
temperature- changes (increases) dTA, 4TB caused by

20 said energy application. Therefore, the method of
the first embodiment can be still applied by measuring
dTa, dTb and replacing the aforementioned values of
dTA, dTB with thus measured values. In the method
of this embodiment, the detection of température

25 characteristics of the recording head is not affected
by the noises resulting from the activation of the

heaters, because said detection is executed after the

Thig is the repiacement sheet
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- 50 - abnormality in discharge, can be prevented. Wen an
abnormality in ink discharge is detected (step S62), t he serial
recordi ng data that have been recorded at said detection are stored
in the nenory neans 1006 5 (step S63). Then the detection of
abnormality is ' - 41 -

e

end of application of the electrical energy to said
heaters. Thus there is obtained an advantage that the
timing of temperature detection with the temperature
sensor can be arbitrarily selected.

5 [Embodiment 4]

The igk:jet recording method is influenced by
a change in the physical properties of the ink, since
the principle of ink discharge utilizes such physical
properties. As a representative example, the amount

10 of ink discharge varies.depending on the ambient
temperature. 1In general, the amount of ink discharge
in the ink jet recording decreases, as shown in Fig.
17, when the ambient temperature becomes lower,
because the ink vi3cosity_incréases at a lower

15 temperature..-

If the ink discharge amoﬁnt varies excessively
by the ambient temperature, a correction for the
ambient temperature may become necessary in the
foregoing embodiments, and the present embodiment

20 effects such correction for the temperature.

As already explained in the first embodiment,
the difference in the temperature characteristics
arises from the heat dissipation by the ink discharge.
Thus the above-mentioned temperature chaﬁge dTa

25 becomes larger or smaller respectively when the ink

discharge amount decreases or increases from the

normal amount. Stated differently, the variation in

S . oy, . 4 i v X
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infornmed (step S64), and the inspection of the recording head is

requested (step S65). Upon detection of the conpletion of such

i nspection or of t he repl acenment of the recording head (step S66),
and 10 in response to the entry of a,comuand for re-recording

(step S67), there is discrimnated whét Aér "a cassette sheet feeder
(CSF) is mounted on the recording apparatus (step S68), and, if

nount ed, the sheet feeding operation is conducted (step S69), but, if

I P A i A R R
confirmed (brape1Yg$vi@, if the ink discharge amount varies
significantly depending on the ambient temperature;

Thus, there will be explained a method of

5 preventing the excessive variation of dTA from the
reference valuglét a reference temperature, despite
of the variation of the ambient temperature. Such
temperature compensation can be achieved by increasing
or decreasing the energy applied to the heaters,

10 respectively when the ambient temperature is lower
or higher thén the referenc§ temperature. More
specifically, there is aetermined an applied energy
for providing the optimum dTA for each ambient
temperature, by collecting data of dATA for different

15 applied energies for each ambient temperature, and
the energy applied to the heaters.is controlled
according to said data.

The applied energy may be varied by a change
in éhe pulse duration, the number of applied pulses

20 or the applied voltage:

It is also possible, instead of, varying the
energy applied to the heaters, to vary the criteria
of judgment Qtilizing the detected temperature
characteristics (temperature change) acco?ding to

25 the ambient temperature.

For example, in the 3rd method of the first

embodiment, the value of the constant Kl varies
This is the replacement sheet
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step S71), the recording data are read fromsaid menory neans 1006
(step S72) and the re-recording 20 operation is conducted, based on said

recordi ng data (step S73). In the present enbodi nent,
t he position of t he recordi ng data, fromwhich the re-recording is to
be started, can be instructed, so that i;e re- recording is executed
froma data position which can be rbltrarlly I nstructed according to
t he | ocation of the abnormality in the recording. :

1 depending on the ambient temperature. It is therefore

conceivable to calculate the constant K1 for each
ambient temperature and to determine the optimum
constant ﬁ for each ambient temperature.

5 [Embodiment 5)

In the following there will be explained an
application in which the recording head is provided'
with plural temperature sensors.

Fig. 18 shows a configuration of the heater

10 board 110, in which, in the array of the discharge
heaters 111, a tempef;ture,sensor 113 is provided for
example for every eight discharge heaters. Thus, if
the heater board 110 has 64 discharge heaters, there
will be 8 temperature sensors 113 on the same heater

15 board. The outputs dT1 - 4T8 of said eight
temperature sensors are transmitéed to the printer
control unit shown in Fig. 5 and supplied to the MPU
1000. Based on each fesult of temperature detection,
there can be discrimingted whether the ink discharge

20 state is normal or abnormal, according to the
detecting procedure explained in the first embodiment.

Each temperature sensor represents best the
temperature state in the vicinity of saié sensor, SO
that an abnormal ink discharge state, identified by

25 the temperature detection by a sensor, can be
considered to indicate abnormal ink discharge of the
ink discharge méans in the vicinity of said sensor.

This is the replacement sheet



- 51 - 1 Thi s enbodinent is particularly suitable, anong

various recordi ng apparatus, for use in the ' conmuni cati on equi pnent
such as the facsimle apparatus, in which the necessity for
re-recording 5 after the abnormality detection is high and the |oss
of recording data is considered criticalg - As explained in
the foregoing, it is rendered possible to inprove the accuracy of

detection, by

1l In the present embodiment with plural temperature
sensors, the abnormal state is informed by the
informing means 1004 if an abnormal state is found in
any of the detected temperature changes dT1 - d4T8,

5 as shown in a flow chart in Fig. 19.

The cogfﬁol sequence of the present embodiment
will be explained with reference to Fig. 19. At first
a step 526 measures the temperature change dTl'By
first temperature sensor 1. Based on said

10 measurement, a step SZ?_effects the temperature
comparison as éxplained in Ehe first embodiment, and,
if a step S37 identifies an abnormal discharge state,
a step S38 generates an alarm. On the other hand, if
the discharge ‘state is normal according to the

15 detection by the sensor 1, a step S28 measures the
temperature change dT2 in a similér manner by a sensor
2. Thereafter the temperature detections are
conducted to a sensor 8 in succession in a similar
manner (steps S28 to S34), and the abnormality is

20 informed by said informing means if the abnormal
discharge state is detected in any of said sensors.

On the other hand, if all the results of said sensors
are normal, the ink discharge state is identified as
normal. |

25 A more accurate detection of the ink discharge
state is made possible by the use of such plural
temperature sensors. In the present embodiment, there

Thie is the replacement sheet
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repeating the detection for ink discharge state, after 10 a di scharge

recovery operation including a sucking operation and after a
predet erm ned i nk di scharging operation, and also to prevent the |oss
of recorded data resulting fromdischarge abnornmality, by

retaining the recording data. 15 - 45 - In the present enbodi nent, the
conpl eti on of I nspection of the recording head or of repl acenent

t hereof nay be entered by the user through the input means. However,
such informati qn may he al so obt ai ned automatically by detecting the

repl acemert of £h&roydded, acsempegatuae senshe doraevesnt edgditat t achnent

discharge heaters, but such configuration is not
limitative, and it is also possible to provide each
discharge heater with an individual temperature sensor
5 and to detect the ink discharge state for each
discharge-hea§é£ by detecting the temperature
characteristics thereof. Also the abnormality is
informed in case any of the detected results is
abnormal, but such process can be arbitrarily selected
10 according to the characteristics of the recording
head or the structure of tq§ recording apparatus.
Also this embodiment is applicable to the ink jet’
recording head employing the aforementioned
electromechanical &onverters, if it is provided with
15 an electrothermal converter for temperature
regulation, separate from the ink'discharge means.
[Embodiment 6]
The detection of the ink discharge state
according to the present invention is conducted, as
20 explained in the first émbodiment, after the
completion of recording operation of every page,
but timing of such detection may be rendered variable,
as will be explained in the following.
Fig. 20 is a block diagram of a recording
2§ apparatus in which the timing of said detection can
be set in variable manner. Input means 1005 is
provided, for entering said timing, separately from

e .
o fer =h N ) B .
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t her eof . The present invention has been expl ai ned by
enbodi nents of the recordi ng apparatus equi pped with so-cal |l ed
serial -type recording head, but it is 25 | i kewi se applicable to the
recordi ng apparat us enpl oying so-called full-line recording head.
The present invention is particularly_ syitably

- 52 -

the keyboard, but said keyboard may also be used for

[} d

said input means.
Since the detection of the ink discharge state

involves the ink discharge, the amount of ink

5 available for recording decreases, though slightly,
when such'detecéion is executed. The configuration
in which the user can vary the timing of such
detection allows to econémize the ink amcunt consumed
in such detection, and also allows to improve the

10 accuracy of detection by effecting the detections at
a short interval.

Fig. 21 is a flow chart for the setting of

the timing of said detection. As an example, the
detection is ‘executed at an interval, in the automatic

15 mode, selected either by a number of days (steps S41,
S42), or by a number of hours (stéps S43, S44), or
by a number of recorded sheets (steps S$S45, S46) or by
a number of recorded characters (steps S47, S48), or
executed, in the manua; mode, in response to an

20 instruction entered from the input means 1005 (steps
S39, S40). 1In addition to such presettable intervals,
there may be selected a standard default interval,
stored in the control unit of the record;ng apparatus
(step S49).

25 The detection of the ink discharge state is
executed according to the timing or the interval thus

set.
This is the replacement sheat
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1 usable in an ink jet recording head and recording appar at us

wherein thermal energy by an el ectrothermal transducer, | aser beam
or the like is used to cause a change of state of the ink to eject
or discharge the 5 ink. This is because the high density of the

pi cture el ements and the high resolution of the recording are

possi bl e. The typical stracttdre and the oper ati ona

principle are preferably the ones disclosed in U S. 10 Pat ent Nos.
4,723,129 and 4,740,796. The principle and structure are applicable

to a so-catied On_denandSuch settable timing of detection allows to
economize the ink consumption required in the
detection of the ink discharge state, and to improve
the accuracy of detection. In the present embodiment,
5 said manual mode is rendered selectable separately
from the automatic mode in which the detection is
executed at a preset interval, but it is also possible
.to combine both modes whereby the detection is
normally executed at the present interval but is
10 a@ditionally executed in response to an instruction
entered through the input means when necessary. Also
the present embodiment is applicable to any ink jet
recording apparatus, regardless of the means for
detecting the ink discharge state or of the ink
15 discharge means in the loaded recording head.
[Embodiment 7] |
In the following there will be explained an
ink jet recording apparatus capable of detecting the
ink discharge state, provided with memory means
20 capable of retaining.a series of recording data, and
adapted to retain the recording data in case
abnormality is detected in said detection and to
repeat the recording operation according.to thus
retaiﬁed data. Fig. 22 is a block diagram of such
25 recording apparatus, in which provided input means
1005, capable of entering the timing of detection of

the ink discharge state and an instruction for

This is the replacement sheet
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type recording systemand a continuous type recording system

Particularly, however, it is suitable for t he on-demand type because

the principle is such that 15 at |east one driving signal is applied to

an el ectrothermal transducer disposed on a liquid (ink)

retaining sheet or |iquid passage, the_dggving signal bei ng enough to
provi de such a quick tenperature rise beyond a departure from

nucl eation boiling point, by 20 which the thermal energy is provided by

t he el ectrothermal transducer to produce filmboiling on t he

heating partiondétetbeonescr €hBImbBRad1L MB&EERY axplaine8UbAI enean be forned
inthe liquid (ink) correspondi ng
preceding embodiment, and memories 1006a, 1006b
capable of fetaining a series of recording data. Said
memories may be provided only in .either of the printer
5 unit and the control unit. |
At firsé, with réspect to the detection of the’
ink discharge state of the present embodiment, there
will be explained the difference from the method of
the first embodiment, with reference to the flow
10 chart shown in Fig. 23. Said detection is executed
by the method already explained in the first
embodiment, but an improved accuracy of detection is
attained by executing, once abnormal discharge state
is detected, "another detection 'of the discharge state
15 after an automatic discharge recovery operation
including the ink suction from tﬁe recording head
(step S59) and an ink discharge operation of a
predetermined amount (step S60), and the abnormality
is identified if the abnormality is detected in such
20 repeated detection also after the initial abnormality
detection.
Said discharge recovery operation and said
ink discharge of predetermined amount are executed
in order to confirm whether the initial abnormality
25 detection is due to the exhaustion of ink in the
recording head. More specifically, said operations
are executed in order to discriminate whether the

1 3 »
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to each of the driving signals. By the production, 25 devel opnment and

contraction of the bubble, the liquid (ink) is ejected through an
ej ection outlet to produce at | east one droplet. The driving signal
S - 53 - preferably in the
formof a pul se, because the - 49 -

Pl initial abnormality detection is due to bubble

i0

15

20

25

formation in the ink path of the recording head or
interruption of ink supply for example by the meniscus
destruction resulting from vibration at the ink
discharge openings, that may occur prior to the
exhaustion ofuiﬁk, or due to .ink exhaustion in’ the
recording head.

If the ink is not yet exhausted, the ink
supply from the ink tank can be restored by the
discharge recovery operation including the suction
operation (step S59), and, the ink'supply is secured
by the ink discharge of a predetermined amount in the
step S60. Thus the normal ink discharge state is
confirmed in the repeatéd detection. However, if
said detected abnormality is due to the ink
exhaustion, the secure ink suppl§ cannot be restored
in the discharge récovery operation. Even if the ink
of a small amount is guided to the ink discharge means
by said suction cperation from the ink tank, the ink
supply will be again interrupted in the succeeding
ink discharge operation of the predetermined amount,
so that the discharge abnormality is detected again
in the repeated detection.

Fig. 24 is a flow chart showing the control
sequence in which the recording data are retained in
the memory means 1006 shown in Fig. 22, whereby the
loss of the recording data, resulting from the
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devel opment and contraction of the bubble can be effected

I nst ant aneously, and therefore, the liquid (ink) is ejected with
qui ck response. The driving 5 signal in the formof the pulse is
preferably such as disclosed in U S. Patents.Nos. 4,463,359 and
4,345,262. In addition, the tenperaturegg ncreasing rate of the
heating surface is preferably such as disclosed in U S. Patent No.
4,313,124. 10 The structure of the recordi ng head may be

as shown in U S. Patent Nos. 4,558,333 and 4, 459, 600 wherein the

heating porti QibrdrmiSNGs 8¢ MisknB@de, can b Yridv@ihtedB. WetHerdSad he
structure of the conbi nation

abnormality in ink discharge is detected (step S62),
the serial recording data that have been recorded at
said detection are stored in the memory means 1006

[ (step S63). Then the detection of abnormality is
informed ¢{step 564), and the inssection of the
recording head is requested (step S65). Upon
detection of the completion of such inspection or of
the replacement of the recording head (steb S66), and

10 in response to the entrxry of a command for re-recording
(step 567), there is discriminated whether a cassette
sheet feeder (CSF) is mounted on the recording
apparatus (step S68), and, if mounted, the sheet
feeding operation is conducted (step S69), but, if

15 not mounted, the sheet feeding is requested for
example by a message display (steb S70). After the
sheet feeding operation is confirmed (branch YES in
step S71), the recording data are read from said
memory means 1006 (steg $72) and the re-recording

20 operation is conducted, based on said recording data
{(step S73).

In the present embodiment, the position of
the recording data, from which the re-recording is to
be started, can be instructed, so that the re-

25 recording is executed from a data position which
can be arbitrarily instructed according to the

location of the abnormality in the recording.
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of the ejection outlet, liquid passage and the 15 el ectrot her mal

transducer as disclosed in the above- mentioned patents. In
addition, the present .invention is applicable to the structure

di scl osed i n Japanese Lai d- Open Patent Application No. 59-123670
wherein a comon slit is used asghhe ejection outlet for 20

plural electrothermal transducers, and to the structure disclosed in
Japanese Lai d- Open Pat ent Application No. 59-138461 wherein an
openi ng for absorbing pressure wave of the thermal energy is

formed colresponslsngmbedtifene] €6t pagtRetlaeny Ehiitabd2, amdnbecause the
present invention is effective to

various recording apparatus, for use in the

communication equipment such as the facsimile

apparatus, in which the necessity for re-recording

S after the abnormality detection is high and the loss
of ‘recording dééa is considered critical.

As explained in the foregoing, it is rendered
possible to improve the accuracy of detection, by
repeating the detection for ink discharge state, after

10 a discharge recovery operation including a sucking
operation and after a predetermined ink discharging
operation, and also to prevent the loss of recorded
data resulting from discharge .abnormality, by
retaining thé recording data.

15 In the present embodiment, the completion of
inspection of the recording head or of replacement
thereof may be entered by the user through the input
means. However, such information may be also obtained
automatically by detec?ing the replacement of the

20 recording head or the detachment and attachment
thereof. .

The present invention has been explained by
embodiments of the recording apparatus equipped with
so-called serial-type recording head, but it is

gs likewise applicable to the recording apparatus
employing so-called full-line recording head.

The present invention is particularly suitably

Thipy (g tha somioae g
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performthe recording operation with certainty and at high efficiency

I rrespective of the type of the - 54
- 1 recordi ng head. The present invention is
effectively applicable to a so-called full-line type recording

head having a | ength corresponding to the_ngéiqum

1 usable in an ink jet recording head and recording
apparatus wherein thermal energy by an electrothermal
transducer, laser beam or the like is used to cause a
change of state of the ink to eject or discharge the

S ink. This is because the high density of the picture
elements and tﬁé high resolution of the recording.are
possible.

The typical structure and the operational
principle are preferably the ones disclosed in U.S.

10 Patent Nos. 4,723,129 and 4,740,796. The principle

and structure are applicable to a so-called on-demand
type recording system and a continuous type recording
system. Particularly, hdwever, it is suitable for

the on-demand type because the principle is such that

15 at least one driving signal is applied to an
electrothermal transducer disposéd on a liquid (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

20 which the thermal energy is provided by the
electrothermal 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 production,

25 development and contraction of the bubble, the liquid

(ink) is ejected through an ejection ocutlet to produce

at least one droplet. The driving signal is
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5 recording wdth. Such a recording head may conprise a single

recordi ng head and plural recording head conbi ned to cover the

maxi num wi dt h. In addition, the present invention is
applicable to a serial type recording head wherein 10 t he recording
head is fixed on the main assenbly, to_ g3 _ a replaceable chip type
recordi ng head which is connect ed e?ectrically with the main
apparatus and can be supplied with the ink when it is nmounted in the

mai n assenbl y,

or to a cartridge type recording head 15 havi ng an

integral ink comteféwdbly in the form dheaPoNe&] OfEc@isé heng ecovery neans

and/ or

10

i5

20

25

development and contraction of the bubble can be
effected instantaneously, and therefore, the liquid
(ink) is eject;d 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. Patent Nos. 4,558,333 and 4,459,600
wherein the heating portion is disposed at a bent
portion, as well as the structure of the combination
of the ejection outlet, liguid passage and the
electrothermal transducer as disclosed in the above-
mentioned patents. In addition,-the present invention
is applicable to the structure disclosed in Japanese
Laid-Open Patent Application No. 59-123670 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. 59-138461 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
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the auxiliary means for the prelimnary operation are pr ef er abl e,

because they can further stabilize the effects of the present

i nvention. As for such neans, 20 there are cappi ng neans for the
recordi ng head, cl eani ng means therefor, pressing or sucking neans,
prelimnary heating nmeans which may be g&he_ el ectrot hermal transducer,
an additional heating el ement or a conbination thereof. Al so, neans
for 25 effecting prelimnary ejection (not for the recording

operation) can stabilize the recordi ng operation. As regards

the vari ati on oécéhdingcoeal ng head

The present invention is effectively
applicable to a so-called full-line type recording
head having a length corresponding to the maximum

5 recording width. Such a recording head may comprise
a single reqording head and plural recording head
combined to cover the maximum width.

In addition, the present invention is
applicable to a serial type recording head wherein

10 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 when it is mounted in the
main asseémbly, or to a cartridde type recording head
15 having an integral ink container.

The provisions of the rec§very means and/or
the auxiliary means for the preliminary operation are
preferable, because they can further stabilize the
effects of the present invention. As for such means,

20 there are capping meané for the recording head,
cleaning means.therefor, pressing or sucking means,
preliminary heating means which may be the
electrothermal transducer, an additional heating
element or a combination thereof. Also, means for

25 effecting preliminary ejection (not for the recording
operation) can stabilize the recording operation.

As regards the variation of the recording head

Thie g the repipcemant aheel
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- 55 - nountable, it may be a single corresponding to a

single color ink, or may be plural corresponding to the plurality of
ink materials having different recordi ng color or density. The
present invention is 5 effectively applicable to an apparatus having
at |east- on of a nonochromatic Jege mainly with black, a nulti

1 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 color or density. The present invention is

5 effectively applicable to an apparatus having at least -
on of a monochéomatic mode mainly with black, 'a multi=
color mode with different color ink materials and/or
a full-color mode using the mixture of the colors,
which may be an integrally formed recording unit or

10 a combination of plural recording heads.

Furthermore, in the foregoing embodiment, the
ink has been liquid. It may be, however, an ink
material which is solidified below the room
temperature but liquefiéd‘aé the room temperature.

15 Since the ink is controlled within the temperature not
lower than 30 °C and not higher fhan 70 °C to
stabilize the viscosity of the ink to provide the
stabilized ejection in usual recording apparatus of
this type, the ink may be such that it is ligquid

20 within the temperaturé range when the recording signai
is the present invention is applicable to other types
of ink. In one of them, the temperature rise due to
the thermal energy is positively prevented by
consuming it for the state change of the ink from the

gs solid state to the liquid state. Another ink material
is solidified when it is left, to prevent the
evaporation of the ink. In either of the cases, the

This is the replacement sheet
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color nmode wth different color ink materials and/or a full-color
node using the m xture of the colors, which may be an integrally
formed recording unit or 10 a conbi nation of plural recordi ng heads.

Furt her nore,

in the foregoi ng enbodi nent, the i nk has been 1iquid.

It may be, however, an ink material which is solidified belowthe

room

t enperature but Liquefied at3& e roomtenperature. 15 Si nce

the ink is controlled within the tenperature not | ower than 30 C and
not higher than 70 [err]Cto stabilize the viscosity of the ink to

provi de tﬁﬁ

10

15

20

25

appl isé:ta%t}.igri Zoefd tq‘jeecrteicoonrcf irrlu gu Ssliaglna&e%%%%iuréQn%p Q%rea}:tm%i of
energy, the ink is liquefied, and the liquefied ink
méy be ejected. BAnother. ink material may start to

be solidified at the time when it reaches the
recording material. The present invention is also
applicable to.sﬁch an ink material as is liquefied

by the application of the thermal energy. Such an

ink material may be retained as a liquid or solid
material in through holes or recesses formed in a
porous sheet as disclosed in Japanese Laid-Open Patent
Application No. 54-56847 and Japanese Laid-Open

Patent Application No. 60-71260. The sheet is faced
to the electrothermal transducers. The most effective
one for the ink maiérialé described above is the film
boiling systemn.

The ink jet recording appératus may be used
as an output terminal of an information processing
apparatus such as computer or the like, as a copying
apparatus combined with:an image reader or the 1like,
or as a facsimile machine having information sending
and receiving functions.

While the invention has been described with
reference to the structures disclosed he;ein, 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.

This is the replacement sheet
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this type, the ink may be such that it is liquid 20

within the

t enperature range when the recording signal I's the present invention
is applicable to other types of ink. In one of them the tenperature
rise due to the thermal energy is positively prevented by
consumng it for the state change of theghnk fromthe 25 solid state to
the liquid state. Another .ink materi al Is solidified when it is
|l eft, to prevent the evaporation of the ink. In either of the cases,
t he

1 As stated above, according to the invention,

-

since temperature characteristics is detected for

each recording head, the temperature characteristics

is applied to various uses so that it is possible to

5 obtain results not depend on difference of each

recording- head. - In addition by utilizing the

detection results of the temperature characteristics

an accurate detection of ink discharge state is

possible. Furthermore, according to the present

10 invention it is possible to detect the abnormal

state of the ink discharge which might occur before

ink is consumed up.

15

20

25

“-‘,'-";-\' H = 2 3 v gTd 75 o)
PhEe I8 ne raplacemient sheet

Tata:

2% YT Y Fr v v
f? @B?Z§%s



- 56 - 1 application of the recording signal producing thernmnal

energy, the ink is liquefied, and the liquefied ink_. .. _.. my be.ej-ected.
Anot her ink material may start to be solidified at the_tine mhgn it
reaches the 5 recording material. The present iThi§ShactHasB lacg
applicable to such an ink material as i3 |4 quefied H H

application of the thermal energy. Such an I nk r e
retained as a liquid or solid material in through holes or recesses

forned in
£ WHAT IS CLAIMED IS:

l. Aan ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharge
openings onto a recording medium, comprising:

an elecérothermal converter provided on said
recording head:;

temperature detection means for detecting the
temperature of said recording head; and
10 temperature characteristics detection means
for applying a predetermined energy to said
electrothermal converter, and detecting the
temperature change of said recording head resulting
from said energy application, Uy means of said
15 temperature detection means, thereby detecting the

temperature characteristics of said recording head,

based on the result of said detection.

2. An ink jet recording apparatus according
20 to claim 1, further coﬁprising:
judgment means for judging the .ink discharge
state of said recording head, based on the result of
detection of the temperature characteristics of the
recording head by said temperature characteristics

25 detection means.

3. An ink jet recording apparatus according

This is the replacement sheet
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10 porous sheet as disclosed in Japanese Lai d- Open Patent

Application No. 54-56847 and Japanese Laid-Open _...._.Patent Application
No. 60-71260. The sheet is faced to the electrothernal t ransducers.
The nost effective one for the ink materials eaB ed S t he
film 15 boi ling system 59 1he ink jet aratus
may be used as an output termnal”of an infor

apparatus such as conmputer or the |ike, as a copying apparatus

combined Wi th an inmage reader or the |like, 20 or as a facsimle nmachine
havi ng i nf ér matdor: 158mdiNg furtheAEbaCRl Mg functions.

informing means for providing information,
based on the result of judgment of ink discharge state

by said judgment means.

4. Ap'ink jet recording apparatus according
to claim 2, wherein the temperature detection means
for said recording head are provided in plural units,
and the detection of the temperature characteristics

10 © of the recording head and the judgment of the ink
discharge state are conducied according to the result
of temperature detection in a predetermined number
of temperature detection means among said plural
units.

15

'5. An ink jet recording.apparatus according
to claim 2, further comprising:

input means which allows the user to enter
an instruction for the execution of detection of said

20 ink discharge state, wherein said judgment means is
adapted to judge the ink discharge state in response
to the instruction entered by the user through said
input means.

25 6. An ink jet recording apparatus according

to claim 1, wherein said electrothermal converter is

a heater.

This is the replacement sheet
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Whil e the invention has been described with reference.to_the _
structures disclosed herein, it is not confined to the details set

forth and this
or changes as nmay conme w thin the purposes of the
scope of the follow ng clains. - 60 -

10

15

20

25

25 appllcatlon is intended to coverT@aﬂhﬁﬁdeﬁmBTﬂ
II or tI1e

IR

7. An ink jet recording apparatus according

to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter is capable

of inducing ink discharge.

8. An ink jet recording apparatus according
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter is incapable

of inducing the ink discharge.

9. An ink jet recording apparatus according
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter includes an
amount inducing the ink discharge and another amount

not inducing the ink discharge.

10. An ink jet recording apparatus according
to claim 1, wherein said electrothermal converter is

a heater for a purpose other than ink discharge.

11. An ink jet recording apparatus according
to claim 1, wherein said temperature characteristics
detection means is adapted to detect the.temperature
characteristics of said recording head, based on the
temperature increase of said recording head detected
by said temperature detection means, when said

predetermined energy is applied to said electrothermal

=

bt o SO W&
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1 As stated above, according to the invention, si nce

tenperature characteristics is detected for each recordi ng head, the
tenperature characteristics is applied to various uses so that it is
possible to 5 obtain results not depend on difference of each
recording head. In addition by utilizing the detection results of
the tenperature characteristics - n-accurat e detection of ink "~

di scharge state is possi ble. Furthernore, accqrding.tq.Lhe present
10 invention it is possible to detect the abnorna of the

i nk di scharde whighe g gt occur before ink is H'Ml“l“ﬂ“umﬂl

12. An ink jet recording apparatus according
tp claim 1, wherein said temperature characteristics
detection means is adapted to detect the temperature
characteristiqsiof said recording head, based on the
temperature descent of said recording head detected
by said temperature detection means, after the
application of said predetermined energy to said

10 electrothermal converter.

13. An ink jet recording apparatus according
to claim 1, wherein the application of said
predetermined energy to said electrothermal converter

15 g conducted by the supply of plural pulses of a

predetermined interval.

14. An ink jet recording apparatus according
to claim 13, wherein the detection of temperature
2 : . N .
0 change in said recording head by said temperature

detection means is conducted in synchreonization with

the cycles of said pulses.

15. An ink jet recording apparatus according
to claim 1, further comprising:
ambient temperature detection means for

detecting the ambient temperature of said recording

* c L n S *
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head, wherein said temperature characteristics

detection means is adapted to correct the resglt of
detection of the temperature change in said recording
head, according to the ambient temperature detected

by said ambient temperature detection means.

16. An ink jet recording apparatus according
to claim 1, further comprising:

ambient temperature detection means for
detecting thg ambient temperature of said recording
head, wherein éaid temperagure characteristics
detection means is adapted to vary the amount of
energy applied to said electrothermal converter for
the purpose of detectior of thé temperature
characteristics of said recording head, based on the
ambient temperature detected by said ambient

temperature detection means.

17. Aan ink jet recording apparatus according
to claim 1, further coﬁprising:

an ink receiving member for receiving the ink
discharged from the discharge opening of said
recording head, and

means for controlling the relative position
in 'such a manner said recording head becomes opposed
to said ink receiving member when the energy capable

of inducing ink discharge is applied to said

This is the repiacement sheet
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25

apparatus for~ &ffecting a recording operation by neans of a
head for di scfiastientias Bk Rep@eaadi schar ge

conpri si ng:

Hhs

10

15

20

25

VWHAT IS CLAI MED | S: 1. An ink jet recording

A HRER

electrothermal converter, for the purpose of detecting

- 63 -

the temperature characteristics of said recording

head.

18. An ink jet recording apparatus according
to tlaim 1, furfﬁer comprising:

an ink receiving member for receiving the
ink discharged from the discharge opening of said
recording head;

means for removing ink from said ink receiving
member; and

means for activating said ink removing means,

at the application of energy of an amount capable of

inducing ink discharge to said électrothermal

converter for the purpose of detecting the temperature
characteristics of said recording head, before and/or

after of said energy application.

19. Aan ink jet_recording apparatus according
to claim 1, wherein the temperature characteristics
of said recording head include the temperature change
therein when the energy of an amount not inducing the
ink discharge is applied to said electrothermal

converter.

20. An ink jet recording apparatus according

Thim fm th coarvio e
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an el ectrothermal converter provided on said recording head,
tenperature detection nmeans for detecting the -tenperature of said

recordi ng head; and t enperature characﬁgrgﬁgl s de%g ti on means
for applying a predeterm ned energy to said el e rter, and
detecting the tenperature change of sal record |ng from

sai d energy application, by neans of Shl tenper nmeans,
thereby detecting the tenperature characteristics of sald recordlng head,

based on the result of said detection.
1 to claim 1, whérein the témperature characteristics

of said recording head include the temperature change
therein when the energy of an amount capable of
inducing ink discharge is applied to said

5 electrothermal converter, in a state in which said

recording-head is filled with ink.

21. An ink jet recording apparatus according
to claim 1, wherein the temperature characteristics
10 of said recording head include the temperature change
therein when the energy of an amount capable of
inducing ink discharge is applied to said
electrothermal converter, in a state in which said
recording head is not filled with ink.
15
22. an ink jet recording apparatus according
to claim l,-wherein said recording head is adapted to
induce a state change including bubble generation in
the ink, by means of thermal energy, and to effect

2 . .-
0 ink discharge based on said state change.

23. An ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharge
25 openiﬁgé”dnto'a'récdfding medium, comprising:
input means ﬁor enabling the operator to

instruct the execution of detection of the ink

This is the replacement sheet
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2. An ink jet recording apparatus according to claiml, further
conpri si ng: j udgrment neans for judging the ink discharge state of

said recordi ng head, based on the result of detection of t s Béet Replaced
characteristics of the recording head by said tenperature c
detecti on neans. 3. An ink_jgt recording apparatu

discharge state of said recording means; and

—

ink discharge state detection means for
detecting the ink discharge state of said recording
head, by causing the ink discharge from said recording
head, in response to the instruction of the operator

entered through-said input means.

24. An ink jet recording apparatus according
to claim 23, wherein said input means is adapted to
10 enter a predetermined timing for detecting the ink
discharge state, and said ink discharge state

detection means is adapted to detect the ink discharge

state according to the entered timing.

13 25. An ink jet recording apparatus according
to claim 23, wherein said recording head is equipped
with an electrothermal converter for heating the ink
for the pufﬁose of inducing ink discharge.

20 26. An ink jet recording apparatus according

to claim 23, further comprising an electrothermal

converter for a purpose other than ink heating.

27. An ink jet recording apparatus according
‘ to ¢claim’ 23, wherein Said recording ‘head is adapted
to induce a state change including bubble generation

in the ink, by means of thermal energy, and to effect

This is the repiacement sheet
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- 59 - to claim?2, further conprising: inform ng nmeans for
providing information, based on the resul t of Judgnment of i nk discharge
state by said judgnent neans. . AtThis Sheef I%Bmd«ﬁylahemg appar at us

according to claim2, wherein the terrperature dﬁ“ﬂﬂ |“ m for said

recordi ng head are provided in plural U%Its

ink discharge based on said state change.

28. An ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharge
openings onto“a:fecording medium, comprising:

ink discharge state detection means for
detecting the ink discharge state of said recording
head: and
10 control means for controlling said ink
discharge state detection means to effect the: -
detection of the ink discharge state again, in case
said detection means detects a defective state of ink
discharge from said recording head.

15
29. An ink jet recordin§ apparatus according
to.claim 28, further comprising:
discharge recovery process means for restoring
the ink discharge from said recording head;
20 wherein, when gaid ink discharge state
detection means detects a defective state of ink
discharge from said recérding head, said control means
is adapted to so control sald discharge recovery
process means to effect a discharge recovery process
25'--by-sucking ink ‘fromsaid ‘recording head, and "thén to
so control said ink discharge state detection means

to again detect the ink discharge state.

THEe s the roplacemeant shee!
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and the detection of the tenperature characteristics of the recordi ng head
and the judgnent of the ink discharge state are conducted according to the

result of tenperaﬁ{,gs@,eédﬁﬁsarejeuﬁibdd a predeterm ned nunber of tenperature

detecti on neans ano units. 5. An ink jet
recordi ng apparat us m claim % further conprising:
| nput neans whi ch al

!er to enter “an instruction for the
execution of detection of said ink discharge state, wherein said judgnent
nmeans i s

1 30. Aan ink jet recording apparatus according

to claim 28, further comprising:
discharge recovery process means for restoring
the ink discharge from said recording head;

5 wherein, when said ink discharge state
deteetioﬂ means éetects a defective state of ink
discharge from said recording head, said control
means is adapted to so control said discharge recovery
process means as to effect a discharge recovery

10 process by sucking ink from said recording head, then
to cause said recording head to discharge ink of a
predetermined amount, and to so control said ink
discharge state detection means to again detect the
ink discharge state.

15

31l. An ink jet recording apparatus according
to claim 28, wherein said recording head is adapted
to induce a state change including bubble generation

in the ink, by means of thermal energy, and to effect

20 ink discharge based on said state change.

32. An ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharging
25 openings-onto-a recording'médiumt“tompfigiﬁg:

ink discharge state detection means for

This i | hee
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adapt éd 0 judge the ink discharge state in response to the instruction

ent er edTiisShedy Hs Repliesdugh sai d i nput neans. 6. An ink jet
recordin ording to claim1, wherein said el ectrothernal
converte : - 60 -

68

1 detecting the ink discharge state of said recording

head; and
memory means for. storing, when said ink
discharge state detection means detects a defective
5 state in the ink discharge from said recording head,
the.recordingudéta at least starting from the
preceding detection of satisfactory state of the_ink

discharge.

10 33. An ink jet recording apparatus according
to claim 32, further comprising:”
means capable of i;étructing the recording
data, in case the recording operation is restarted
based on the-recordipg data stored in said memory
15 means, in case said ink discharge state detection

means detects a defective state of the ink discharge

from said recording head.

34. An ink jet recording apparatus according
20 to claim 32, further cémprising:
means for enabling said recording head to
again record the predetermined recording data, based
on the recording data stored in said memory means,
in case said ink discharge state detectién means
25

detects.a defective. state :of--the -ink -discharge from

said recording head.

This is the repiacement sheet
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7. An ink jet recording apparatus according to claim®6, whereirn-the ...
predeterm ned anmount of energy applied to said electrotherqggsﬁgﬂye ter is

capabl e of inducing ink discharge. 8: An ink jet I Replaced
apparatus according to claim®6, wherein the predeternined a I ﬂ
applied to said el ectrothernmal converteggis incapable of indtk
di schar ge. 9. An ink jet recording apparatus according
L 35. An ink jet recording apparatus according
to claim 31, wherein said recording head is adapted
to induce a state change including bubble generation

in the ink, by means of thermal energy, and to effect

5 ink discharge based on said state change.

36. A method for detecting the temperature
characteristics of an ink jet recording head,
comprising steps of:

10 applying a predetermined energy to an
electrothermal converter pgovided in the recording
head for effecting recording by discharging ink from
a discharge opening onto a recording medium;
detecting the temperature change in said
15 recording head, resulting from said energy
application; and '
detecting, based on the result of said
detection, the temperature characteristics of said
recording head.
20

37. A method according to claim 36, wherein
the state of ink discharge from said recording head
is judged according to the result of detection of the
temperature characteristics of the recording head.

25

38. An ink jet recording apparatus for

effecting a recording operation by means of a

Thi 8 the raplzcement shest
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to claim6, wherein the predeterm ned anount of energy applied to said
el ectrothermal converter includes an anount |ndUC|ng t he i nk "di'scharge and
anot her anount not inducing the ink discharge: ‘SSheetHasBeenR feegAN 1Nk | et

recordi ng apparatus according to claiml, wher rot her mal
converter is a heater for a purpose -ot?imer-than
11. An ink jet recording apparatus according to cIa|n1 re|n sai d

tenperature characteristics detection neans is adapted to detect the

t enperat ure _ )
1 recording head for discharging .ink from discharge

openings onto a recording medium, comprising:
an electrothermal converter provided on said
recording head;

S temperature detection means for detecting the-
temperature ip'{he vicinity of said recording head;
and

judgment means for judging the ink discharge
state of said recording head, through the comparison
10 between the temperature characteristics of said
recording head based on th? temperature change in the
vicinity of said recording head at the application
of a predetermined energy to said electrothermal
converter, and the temperature-detected by said

15 temperature detection means.

39. An ink jet recording apparatus according
to claim 38, wherein said temperature characteristics
are represented by a temperature change A in the

20 normal ink discharge séate and a temperature change

B in an abnormal ink discharge state.

40. An ink jet recording apparatus according
to claim 38, wherein said temperature chéracteristics
25 ‘are -represented by'a-temperaturé'dTA‘in“the"nsrﬁal
ink discharge state at the application of said

predetermined energy to said electrothermal converter,

HIIIII! 0] L IIII
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characteristics of said recording head, based on the

of said recording head detected by said tenperat UTlﬁssﬁeeI:HQstBea{R JpREdS ,

61 -

said predeternmned energy is applied to said el ect
converter.

10

15

20

.25

- 71 -

and a temperature difference TD between said
temperature dTA and a temperature at an abnormal

discharge state lacking.the ink discharge.

41. An ink jet recording apparatus according
to.claim 38, yhérein said temperature characteristics
are represented, based on a temperature 4TC when said
electrothermal converter is given an energy'in a range
not inducing ink discharge from said discharge

opening.

42. An ink jet recording apparatus according
to claim 38, wherein said temperature characteristics
are represented by a value-obtained by applying the
predetermined energy to said electrothermal converter
in a plurality of recording heads and statistically
processing the temperature detected in the vicinity

of said recording head.

43. An ink jeé recording apparatus according
to claim §2, wherein said temperature characteristics
are represented by a maximum temperature TA enabling
the normal ink discharge from said récording head |
when the predetermined energy is applied‘to said
electrothermal converter- in+a plurality of recording
heads, and a minimum temperature TB of the abnormal

discharge state in which the ink is not discharged

* c L L] S *

“tenperature increase

when
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12. An ink jet recording apparatus according to claim1l, wherein said
tenperature characteristics detection neans is adapted to detect the

t enperature characteristics of said recording head, based on the
tenperature descent of said recording head detected by said tenperature
detection neans, after the applicationpf_said predeterm ned energy to
sai d el ectrot hermal converter. 13. An-ink~jet recording
apparatus according to claim1l, wherein the applifati 0n.0hecs &bdhced

predeterm ned energy to said el ectrothermal conver mmu‘““““ l “\

from said recording head.
44, An ink jet recording apparatus according

to claim 42, wherein said temperature characteristics
5 are represented by the temperature dTA enabling
the normal ink.discharge from said recording head
at the application of the predetermined energy to
said electrothermal converter in a plurality of
recording heads, and the minimum wvalue TD of the
10 temperature difference (dTB - dTA) between the
tempereture dTB of the ebnormal discharge state in
which the ink is not discharged from said recording

head and said temperature dTA.

15 45. An ink jet recording apparatus according
to claim 42, wherein said temperature characteristics
are represented by a temperature dTA enabling the
normal ink discharge from said recording head, said
temperature being detected at the application of a

20 predetermined energy El to the electrothermal
converter ;n a plurality of the recording heads, and
by a ratio of a temperature 4TB in an abnormal
discharge state in which the ink is not discharged
from said recording head, to a temperature dTC

25 detected by said temperature-detection means when
an energy E2 not inducing the ink discharge from said

recording head is applied.

This is the replacement sheet -
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I's conducted by the supply of plural pulses of a predetermned interval. _
14. An ink jet recording apparatus according to claim 13, wherein the
detection of tenperature change in said recording head byr,g&hdd: i BpeaRaplaned

detection nmeans is conducted in synchronization with the c
pul ses. 15. An ink jet retofdling apparatus accor
1, further conprising: anbi ent tenperature detecti s Tor
1 46. An ink jet recording apparatus according
to claim 38, further comprising:
informing means. for providing information,

based on the result of judgment of ink discharge state

5 by said judgment means.

47. An ink jet recording apparatus according
to claim 38, comprising said temperature detedtion
means in plural units, wherein the judgment of the

10 ink discharge state is conducted according to the
result of detection in a predetermined number of

-

temperature detection means among said plural units.

48. .An ink jet.recording apparatus according
15 to claim 38, further comprising:
input means which allows the user to enter an
instruction for the execution of detection of said ink
discharge state, wherein said judgment means is
adapted to judge the ink discharge state in response
20 to the instruction entered by the user through said

input means.

49. An ink jet recording apparatus according

to claim 38, wherein said recording head'is adapted
25 .to induce .a state change .including ‘bubble generation
in the ink, by means of thermal energy, and to effect

ink discharge based on said state change.

* [+ L M S *
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detecting the anbient tenperature of said recording
- 62 - head, wherein said tenperature characteristics detection neans ~

is adapted to correct the result of detection of the tenperahibsiRetRABGE REghced

said recording head, according to the anbient terrperature det m"ﬂﬂ"lﬁ"”l”"

sai d anbi ent tenperature detection neans.

- 74 -

50. An ink jet recording apparatus including means for
detecting the temperature characteristics of an ink jet
recording head wherein the result of detection is

utilised for detecting the ink discharge state.

51. An ink jet recording apparatus including means for
detecting the temperature characteristics on plural
recording heads, and means for effecting statistical
processing to enable exact dgtection of the ink discharge
10 state, unaffected by the. individual difference of the

recording heads.

* c L M S *
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16. An ink jet recording apparatus according to claim1l, further

conpri si ng: anbi ent tenperature detection neans for detecting the
anbi ent tenperature of said recording head, wherein said tenperature
characteristics detection neans is adapted to vary the anount of energy
applied to said el ectrothernal convertdP for the purpose of detection of
the tenperature characteristics of said recording head, based on the

anbi ent t empegalihs dpbRC! StpBtnd? A3RARRE LHIRE AlY © AR eChdpn Means.

RECORDING HEAD, AND INK JET RECORDING APPARATUS
UTILIZING THE SAME

ABSTRACT

The temperature characteristics of an ink Jjet
recording head are detected, and the result of
detection is utilized for detecting the ink discharge
state. Also a statistical processing on the
temperature characteristics detected on plural
recording heads enables exact detection o©¢f the ink
discharge state, not effected by the individual
difference of the reaording heads. Also there is
detected the abnormality in ink discharge, that may

occur prior to the exhaustion of ink in the ink tank.

FIGURE 2
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17. An ink jet recording apparatus according to claim1, further
conpri si ng: an ink receiving nenber for receiving the ink

di scharged fromthe di scharge opening of said recording head, and
means for controlling the relative position in such a manner said
recordi ng head beconmes opposed to said itk receiving nenber when the
energy capable of inducing ink discharge is applied to said

N
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- 63 - el ectrothermal converter, for the purpose of detecting t he
tenperature characteristics of said recording head. 18. An
ink jet recording apparatus according to claim1, further conprising:
an ink receiving nmenber for receiving the ink discharged fromthe

di scharge opening of said -2

This is the replacement sheet
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recordi ng head; means for renoving ink fromsaid ink receiving
nmeans for activating said ink renoving neans, at the

menber; and
application of energy of an anmount capable of inducing ink discharge to
said electrothermal converter for the purpose of detecting the tenperature

characteristics of said recording head; Before and/or after of said energy
appl i cation. 19. An ink jet recording apparatus according to

claim1l1, wherein the tenperature characteristics '

113b
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of said recording head include the tenperature change therein when the
energy of an anount not inducing the ink discharge is applied to said
el ectrothermal converter. 20. An ink jet recording apparatus
accordi ng - 64 -

1133 \\
130
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to claim1, wherein the tenperature characteristics of said recording
head i nclude the tenperature change therein when the energy of an
anount capabl e of i nducing ink discharge is applied to said

el ectrothermal converter, in a state in which said recording head is
filled wth ink. 21. An ink jet recording apparatus

accordi ng to claiml1, wherein the tenperature characteristics of
said recordi ng head include the tenperature change t herei n when the
energy of an anpbunt capabl e of i nducing ink discharge is applied to
sai d

This is the replacement sheet

22 Ny ag

Data:



el ectrothermal converter, in a state in which said recording head is

not filled with ink. 22. An ink jet recordi ng apparatus
accordi ng to claim1, wherein said recording head is adapted to
i nduce a state change including bubble generation in t he ink, by means
of thermal energy, and to effect - iénk di scharge based on said state
change. 23. An ink jet recordi ng apparatus according to
claim?2, further_conprising: i nput _neans_instructable hy an
operator so ad tq-execute determipation of the ink ink diqnha_r_g,g_g,orldition
of said recordi ng head, wherein said judgenent nmeans judggs
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di scharge condition is excellent or not on the basis of the instruction by
65

t he operator through said input neans.
24. An ink jet recording apparatus according to claim23, wherein said

i nput nmeans is adapted to
- 7 -
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enter a predetermned timng for detecting the ink discharge state, and
said ink discharge state detection neans is adapted to detect the ink

di scharge state according to the entered tim ng. 25. An ink jet
recordi ng apparatus according to claim?23, wherein said recording head is
equi pped with an electrothermal conver8er for heating the ink for the

pur pose of inducing ink discharge. 26. An ink jet recording
apparatus according to claim.23, further conprising an el ectrothermal
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converter for a purpose other than ink heating. 27. An ink jet
recordi ng apparatus according to claim23, wherein said recording head is
adapted to induce a state change including bubble generation in the ink,

by neans of thernmal energy, and to effect
- 9 -

FIG. 11
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- 66 -

conpri si ng:

contr ol

I nk di scharge based on said state change.

28. An ink jet recording apparatus according to claim 2,
means for allow ng said judgenent neans to

further

j udge once whether an ink discharge condition is excellent or not if said

j udgenent neans judges that the ink di $8harge condition fromsaid recording
29. An ink jet recordi ng apparatus

head i s not excellent.

accordi ng to

cl ai m 28,

process nmeans for restoring
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the ink discharge fromsaid recordi ng head;

I nk di scharge state

di scharge from said recordi ng head,

control
recovery process
S0 contro

sai d di scharge recovery

by sucking ink

i nk di scharge state.

FIG. 13
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- 67 - 30. An ink jet recordi ng apparatus according

to claim 28, further conpri sing: di scharge recovery
process nmeans for restoring the ink discharge fromsaid recording
head; wherein, when said ink discharge state

detection neans detects a defective statz of ink di scharge from
said recording head, said control neans is adapted to so control said

di scharge recovery process nmeans as to effect a discharge recovery

FIG. 14
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process by sucking ink fromsaid recording head, then to cause

said recording head to discharge ink of a predet er m ned anount,
and to so control said ink di scharge state detection nmeans to
agai n detect the I nk di scharge state. 31. An
ink jet recording apparatus according- 13 - to claim28, wherein said
recordi ng head i s adapted to induce a state change i ncl uding
bubbl e generation in the ink, by neans of thermal energy, and to

ef f ect i nk discharge b oNn S&j tate change.
32. An ink jet recording appaﬁ? . accz g
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to claim?2, further conprising: menory neans for storing
recordi ng data proceedi ng fromat |east previously when the ink

di scharge condition is excellent if said judgenent neans judges that
t he ink di scharge condition fromsaid recording head is not

excel | ent. - 14 -~ 68
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33. An ink jet recording apparatus according to claim32, further

conpri si ng: nmeans capable of instructing the recording data, in
case the recording operation is restarted based on the recording data
stored in said nenory neans, in case said ink discharge state detection
means detects a defective state of thelik discharge fromsaid recording

head. 34. An ink jet recording apparatus according to claim 32,
further conprising: .
START F/G 79
SZ8~\TEASURE TEMPERATURE
CHANGE dTt BY SENSOR.1

NO

DISCHARGE ST

ATE NORMAL ?
YES .

y
$28~/EASURE TEMPERATURE

CHANGE dT72 BY SENSOR 2

DISCHARGE STATE NORMAL 7 _

32~ iEASURE TEMPERATURE

CHANGE dT4 BY SENSOR 4

S34~\/EASURE TEMPERATURE

CHANGE dT8 BY SENSOR 8

NO

DISCHARGE STATE NORMAL 2 >
§36~ y 'ES DETECK DNGhnAGe ME

DETECT NORMAL STATE OF

INK DISCHARGE ¥ $38

WARNING MEANS 4
k OPERATION PROCESS
END !

This g the rapiacement shesat

272 NOV 1996

dgta:



(&)
o
T -@©
DV
nms
mme
— >
(] —
= DN
[O NSRS ]
dme
(M) Y— (@]
rme c
o © —
©
LT ®© —
- . o
— @© 0N (@]
N - (@]
o] o ©
- C O
O .— (7]
(&) (&) S
LT O —
- O ®©
b S
cownw .®©
— = C T Q
C »n © C
(@) mea
© © =
)
nangmv
OT O C,
ovoce
D)o T =
T C O - @
©.— O OO
DT - OO0
e OO0
O T —
CoLOOLT O
-Irt-I-J
o © ©
— O - X
ocCc w [
O —
°-88¢
S
O o<
o © v
— e .
T O oL
n o n om
) i =
OC T ©
C O e
— X O
— ~Cwm
O ©.—.—
© ©
C @O
O T.— X
©
— DV .-
o C
—.— O O
T ncLo
N — ©
cC OO0 (@]
© O [Ce]
menf
—.— 0O

This is the replacement sheet

4OSNIS. I8N LVH3ANEL
o103 SNTOHoo3y
YOSNIS
org /L 10H FOVIERYS
¥OSN3S JWOH ] snvan |
oog /L TEISHS R3O0 | N0
4010
HIATHO
wsioon [7] tolon : -
volon | [y3nrsa ] SHY3M
A oniaanon '] volon ‘ %9 1 1ndh
£17 0001, i )
woton | [¥3ATH0 1IN . 1IN X
U “1 yoLo ovauaing | | VY 1 v | |
0001,
o3 .
0~ ontowoon ] 0 oy =3 tos (— na | [ H0
. N 001
LINA T08LN0D ¥3INTNd 1INY T081H0 20017

LINA Y3INTHd

0¢ Y4

22 NOV 139%

Date:



to claim32, wherein said recording head is adapted to induce a state
change i ncludi ng bubbl e generation in the ink, by neans of thermal energy,

and to effect 1ink discharge based on said state change. 36. A
nmet hod for detecting the tenperature characteristics of an ink jet
recordi ng head, conprising steps of:- 17 - appl yi ng a predeterm ned

energy to an electrothermal converter provided in the recording head for
effecting recording by discharging ink from a discharge opening onto a

recordi ng nmedi um
FIG. 21
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detecting the tenperature change in said recording head, resulting from
said energy application; and detecting, based on the result of
said detection, the tenperature characteristics of said recording head.
37. A nethod according to claim 36, wherein the state of ink discharge
fromsaid recording head is judged acd8rding to the result of detection of
the tenperature characteristics of the recordi ng head.
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38. An ink jet recording apparatus for effecting a recording operation by

nmeans of a - 70 - recordi ng head for
di scharging ink from di scharge openi ngs onto a recordi ng medi um
conpri si ng: an el ectrothermal converter provided on said

recordi ng head; - 15 -

FIG. 23
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tenperature detection neans for detecting the tenperature in the vicinity
of said recording head; and judgnment neans for judging the ink
di scharge state of. said recording head, through the conparison between
the tenperature characteristics of said recording head based on the
tenperature change in the vicinity of 2ami-d recording head at the
application of a predeterm ned energy to said electrothermal converter,
and the tenperature detected by said tenperature detection neans.

FIG. 24
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39. Ah'ink jet recording apparatus according to«cﬂ &M 38,
tenperature characteristics are represented bm a. geﬂper )
the normal ink discharge state and a tenperatu.ré§ dﬁﬁ@“”B
i nk di scharge state. 40. Anjnk jet réc@fdf‘h‘g appaFE
according to claim38, wherein said t&hperaturie:+ Ch’ara’éfém $EFECs - HY &
represented by a tenperature dTA in the normnal %lnk ‘drséhar gesst At &© 5824

application of said predeterm ned energy to sald electrothernal converter,
[ TS REONTET p3
WHAT IS CLAIMED IS: | D D7 RECEDRT AUR

RN —

H
Frranes et soun s

l. an ink jet recording apparatus for
effecting a recording operation by means of a
recording head for discharging ink from discharge
openings onto a recording medium, comprising:

an elecérothermal converter provided on said
recording head;

temperature detection means for detecting the

L temperature of said recording head; and

temperature characteristics detection means
for applying a predetermin%d energy to said |
electrothermal converter, and detecting the
temperature change of said recording head resulting
from said energy application, by means of said
temperature detection means, thereby detecting the
temperature characteristics of said recording head,

based on the result of said detection.

2. An ink jet recording apparatus according
to claim 1, further coﬁprising:

judgment means for judging the .ink discharge
state of said recording head, based on the result of
detection of the temperature characteristics of the
recording head by said temperature characteristics

detection means.

3. An ink jet recording apparatus accoxrding

This is the replacement shex
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and a tenperature difference TD between said tenperature dTA

- 71 -
and a tenperature at an abnor mal di scharge state | acking.the ink
di schar ge. 41. An ink jet recording apparatus according t.o

claim 38, wherein said tenperature characteristics are represented, based
on a tenperature dTC when said el ect 8t hermal converter is given an

energy in a range

. s
s
‘.Q- 4

to claim 2, further comprising:
informing means for providing information,

based on the result of judgment of ink discharge state

by said judgment means.

4- Ap'ink jet recording apparatus according
to claim 2, wherein the temperature detection means
for said recording head are provided in plural uﬁits,
and the detection of the temperature characteristics
of the recording head and the judgment of the ink
discharge state are conducted according to the result
of temperature detection in a predetermined number
of temperature detection means among said plural

units.

S. An ink jet recording apparatus according
to claim 2, further comprising:

input means which allows the user to enter
an instruction for the_execufion of detection of said
ink discharge state, wherein said judgment means is
adapted to judge the ink discharge state in response

to the instruction entered by the user through said

input means.

6. An ink jet recording apparatus according
to claim 1, wherein said electrothermal converter is

a heater.
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not inaucing I nk di scharge from said di scharge  openi ng. 42.
An ink jet recording apparatus according to claim38, wherein said
tenperature characteristics are represented by- a val ue obtained by.

appl ying the

predeterm ned energy to said el ectrothernal converter- in a

plurality of recording heads and stati &0ically processing the tenperature
detected in the vicinity of said recordi ng head. 43. An ink jet
recordi ng apparatus according

' 7. " An ink jet recording apparatus according
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter is capable

of inducing ink discharge.

8. An ink jet recording apparatus according
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter is incapable

of inducing the ink discharge.

9. An ink jet recording apparatus according
to claim 6, wherein the predetermined amount of energy
applied to said electrothermal converter includes an
amount inducing the ink discharge and another amount

not inducing the ink discharge.

10. An ink jet recording apparatus according
to claim 1, wherein said electrothermal converter is

a heater for a purpose other than ink discharge.

1l. &An ink jet recording apparatus according
to claim 1, wherein said temperature characteristics
detection means is adapted to detect the.temperature
characteristics of said recording head, based on the
temperature increase of said recording head detected
by said temperature detection means, when said
predetermined enerxrgy is applied to said electrothermal

This is the replacement sheet
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tto claim42, wherein said tenperature characteristics are represented by a
maxi mum tenperature TA enabling the normal ink discharge fromsaid
recordi ng head when the predeterm ned energy is applied to said

el ectrothermal converter in a plurality of recording heads, and a m ni num
tenmperature TB of the abnormal discharge state in which the ink is not

di schar ged - 12 -

converter.

12. An ink jet recording apparatus according
to claim 1, wherein said temperature characteristics
detection means is adapted to detect the temperature
characteristiqsiof said recording head, based on the
temperature descent of said recording head detected

-~ by said temperature detection means, after the
e/ application of said predetefmined energy to said

electrothermal converter.

13. An ink jet recording apparatus according

to claim 1, wherein the application of said

predetermined energy to ‘'said electrothermal converter
is conducted by the supply of plural pulses of a

predetermined interval.

7 14. An ink jet recording apparatus according
to claim 13, wherein the detection of temperature
change in said recordiﬁg head by said temperature
detection means is conducted in synchronization with

the cycles of said pulses.

15. An ink jet recording apparatus according
to claim 1,.furfﬁer comprising:
ambient temperature detection means for

detecting the ambient temperature of said recording
This is the replacemernt shesat
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fromsaid recordi ng head. 44. An ink jet recording apparatus
according to claim42, wherein said tenperature characteristics are _
represented by the tenperature dTA enabling the normal ink discharge from
said recording head at the application of the predeterm ned energy to

said el ectrothermal converter in a plu@ ity of recording heads, and the

m ni mum value TD of the tenperature difference (dTB - dTA) between the
tenperature dTB of the abnornmal discharge state in

head, wherein said temperature characteristics
detection means is adapted to correct the resqlt of
detection of the temperature change in said recoxding
head, according to the ambient temperature detected

by said ambient temperature detection means.

16. An ink jet recording apparatus according
to claim 1, further comprising:

Evf ambient temperature detection means for
detecting thg ambient temperature of said recording
head, wherxrein gaid temperagure characteristics
detection means is adapted to vary the amount of
energy applied to said electrothermal converter for
the purpose of detectior of thé temperature
characteristics of said recording head, based on the
ambient temperature detected by éaid ambient

temperature detection means.

17. An ink jet recording apparatus according
to claim 1, further coﬁprising:

an ink receiving member for receiving the ink
discharged from the discharge opening of sa;d
recording head, and

means for controliing the relative position
in such a manner said recording head becomes opposed
to said ink receiving member when the energy capable
of inducing ink discharge is applied to said
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which the ink is not discharged fromsaid recording head and said

t enperature dTA 45. An ink jet recording apparatus according

to claim42, wherein said tenperature characteristics are represented by a
tenperature dTA enabling the normal ink discharge fromsaid recording

head, said tenperature being det ected3at the application of a
predeterm ned energy E1 to the electrothermal converter in a plurality of
the recording heads, and by a ratio of a tenperature dTB in an abnor mal

di scharge state in WhICh the ink iis not dischar
9 electrothermal converter, for %e o) rpose of detectlng

the temperature characteristics of said recording

head.

18. An ink jet recording apparatus according
to tlaim ‘1, further comprising:

an ink receiving member for receiving the
ink discharged from the discharge opening of said

s recoxrding head:;

means for removing ink from said ink receiving
member; and

means for activating said ink removing means,
at the application of energy of an amount capable of
.inducing ink discharge to said électrothermal
converter for the purpose of detecéing the temperature

characteristics of said recording head, before and/or

after of said energy application.

19. An ink jet_recording apparatus according
' to claim 1, wherein the temperature characteristics
of said recording head include the temperature change
therein when the energy of an amount not inducing the
ink discharge is applied to said electrothermal

converter.

20. An ink jet recording apparatus according
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fromsaid recording head, to a tenperature dTC detected by said
tenperature detection nmeans when an energy E2 not inducing the ink

di scharge fromsaid recording head is applied.
- 73 - 46. An ink jet recordi ng apparatus according to claim

38, further conprising: i nfortd ng means for providing
i nf or mati on,

- * to'claim 1, whérein the témpefature characteristics
of said recording head include the temperature change
therein when the energy.of an amount capable gf
inducing ink discharge is applied to said
electrothermal converter, in a state in which said

recording-head Es filled with ink.

o= 21. An ink jet recording apparatus according

d to claim 1, wherein the temperature characteristics
of said recording head include the temperature change
therein when the energy of an amount capable of
inducing ink discharge is applied to said
electrothermal converter, in a state in which said

recording head is not f£illeéd with ink.

22. An ink jet recording apparatus according
to claim l,lwherein said recording head is adapted to
e induce a state change including bubble generation in
the ink, by means of thermal energy, and to effect

ink discharge based on said state change.

23, An ink jet recording apparatus according.

to claim 2, further combrising:

input means instructable by an operator so as to
execute determination of the ink ink discharge condition of
sald recording head,

wherein sald judgement means judges whether an ink
discharge condition is excellent or not on the basis of the
instruction by the operator through sald input means.
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based on the result of judgnent of ink discharge state by sai d judgnent
nmeans. 47. An ink jet recording apparatus according to claim
38, conprising said tenperature detection means in plural units, wherein
t he judgnent of the i nk di scharge state is conducted according to the
result of detection in a predeterm nedggunber of t enperature detection
nmeans anong said plural units. . 48. An ink jet recording
apparatus according to claim38, further conprising:

24. An ink jet recording apparatus according
to claim 23, wherein said input means is adapted to
enter a p;éaetermined timing for detecting the ink
discharge state, and said ink digcharge state
detection means is adapted to detect the ink discharge

St state according to the entered timing.

25. An ink jet recording apparatus according
to claim 23, wherein said récording head is equipped
with an electrothermal converter for heating the ink

for the purpose of inducing ink discharge.

26. An ink jet recording apparatus according
to claim 23, further comprising an electrothermal

e’ converter for a purpose other than ink heating.

27. An ink jet recording apparatus according
to tlaim' 23, wWherein said recordihg head is adapted
to induce a state change including bubble generation

in the ink, by means of thermal energy, and to effect

e
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I nput *nmeans which allows the user to enter an instruction for the
execution of detection of said ink discharge state, wherein said judgnent
nmeans is adapted to judge the ink discharge state in response to the

i nstruction entered by the user through said input neans. 49,
An ink jet recording apparatus according to claim38, wherein said
recording head is adapted to.induce a state change including bubble
generation in the ink, by neans of thermal energy, and to effect ink

di scharge based on said state change. . g¢g -

ink discharge based on said state change.

28. An ink jet recording apparatus according
to claim 2, further comprising:
control means for allowling saild judgement means to
Jjudge onoce whether an ink discharge condition 1ls excellent
or not 1if sald judgement means judges that the ink discharge
condition f£from sald recording head is not excellent.

29. An ink jet recording apparatus according
to'claim 28, further comprisiﬁg:

discharge recovery process means for restoring
the ink discharge from said recording head:

wherein, when said ink discharge state
detectionJmeans detects a defective state of ink
discharge from said recording head, said control means

d is adapted to so control said discharge recovery

process means to effect a discharge reco;ery process
by 'sucking" ink ‘from 'said ‘recording head, &nd then 'to
so control said ink discharge state detection means

to again detect the ink discharge state.

This is the replacement sheet

Date: 2 3 nNOV 700§



- .74 - 50. An ink jet recording apparatus including neans for detecting
the tenperature characteristics of an ink jet recording head wherein

t he

state.

"

result of detection is wutilised for detecting the ink discharge

- 67 -

30. An ink jet recording apparatus according

to claim 28, further comprising:

discharge recovery process means for restoring
the ink discharge from said recording head;

wherein, when said ink discharge state
detection‘means éetects a defective state of ink
discharge from said recording head, said control
means is adapted to so contreol said discharge recovery
process means as to effect a discharge recovery
process by suckiné ink from said recording head, then
to cause said recording head to discharge ink of a
predetermined amount, and to so control said ink
discharge state detection means to again detect the

ink discharge 'state.

31. An ink jet recording apparatus according
to claim 28, wherein said recording head is adapted
to induce a state change including bubble generation
in the ink, by means of thermal energy, and to effect

ink discharge based on said state change.

3z. An ink jet recording apparatus according
to claim 2, further comprising: .
memory means for storing recording data proceeding
from at least previously when the ink discharge condition is
excellent if said judgement means judges that the ink
discharge condition from sald recording head is not
excellent.
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51. An ink jet recording apparatus including neans for detecting the
tenperature characteristics on plural recording heads, and neans for
effecting statistical processing to enable exact detection of the ink
di scharge state, unaffected by the individual difference of the
recordi ng heads. 68

33. An ink jet recording apparatus according
to claim 32, further comprising:”

means capable of i;étructing the recording
data, in case the recording operation is restarted
based on the recording data stored in said memory
means, in case said ink discharge state detection

means detects a defective state of the ink discharge

from said recording head.

34. An ink jet recording apparatus according
to claim 32, further camprising:
means for enabling said recording head to
again record the predetermined recording data, based
w on the recording data stored in said memory means,
in case said ink discharge state detectién means

detects.a defective.state:of..the .ink -discharge from

said recording head.
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35. An ink jet recording apparatus according
to claim 32 ., wherein said recording head is adépted
to induce a state change including bubble generation
in the ink, by means of thermal energy, and to effect

ink discharge based on said state change.

36. A method for detecting the temperature
characteristics of an ink jet recording head,
comprising steps of:

applying a predetermined energy to an
electrothermal converter pgovided in the recording
head for effecting recordinglby discharging ink from
a discharge opening onto a recording medium;

detecting the temperature change in said
recording head, resulting from said energy
application; and

detecting, based on the result of said

detection, the temperature characteristics of said

recording head.

37. A method according to claim 36, wherein
the state of ink discharge from said recording head
is judged according to the result of detection of the

temperature characteristics of the recording head.

38. An ink jet recording apparatus for
effecting a recording operation by means of a

Thig is the replacement sheet

Date: £ 3 NIV 2000



- 70 -

recording head for discharging .ink from discharge
openings onto a recording medium, comprising:

an electrothermal converter provided on said
recording head;

temperature detection means for detecting the:
temperature ip'fhe vicinity of saia recording head;
and

judgment means for judging the ink discharge
state of said recording head, through the comparison
between the temperature characteristics of said
recording head based on th§ tempexature change in the
vicinity of said recording head at the application
of a predetermined energy to said electrothermal
converter, and the temperature-detected by said

temperature detection means.

39. An ink jet recording apparatus according
to claim 38, wherein said temperature characteristics
are represented by a temperature change A in the
normal ink discharge séate and a temperature change

B in an abnormal ink discharge state.

40. An ink jet recording apparatus according
to claim 38, wherein said temperature ch%racteristics
-are -represented by ‘a-temperature 'dTA-in “the “ndimal
ink discharge state at the application of said
predetermined energy to said electrothermal converter,
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and a temperature difference TD between said
temperature dTA and a temperature at an abnormal

discharge state lacking.the ink discharge.

41. An ink jet recording apparatus according
ta.claim 38, yhérein said temperature characteristics .
are represented, based on a temperature dTC wheﬁ said
electrothermal converter is given an energy'in a range
not inducing ink discharge from said discharge

opening.

42. An ink jet recording apparatus according
to claim 38, wherein said temperature characteristics
are represented by- a value-obtained by applying the
predetermined energy to said electrothermal converter
in a plurality of recording heads and statistically
processing the temperature detected in the vicinity

of said recording head.

43. An ink jeé recording apparatus according
to claim 42, wherein said temperature characteristics
are represented by a maximum temperature TA enabling
the normal ink discharge from said recording head

when the predetermined energy is applied to said

. electrothermal converter-in-a plurality of“recording

heads, and a minimum temperature TB of the abnormal

discharge state in which the ink is not discharged

s
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from said recording head.

44. An ink jet recording apparatus according
to claim 42, wherein said temperature characteristics
are represented by the temperature 4TA enabling
the normal ink discharge from said recording head
at the application of the predetermined energy to
said electrothermal converter in a plurality of
recording heads, and the minimum value TD of the
temperature difference (dTB ~ dTA) between the
teﬁperature dTB of the abnormal discharge state in
which the ink is not discharged from said recording

head and said temperature d4TA.

45. An ink jet recording apparatus accordigg
to claim 42,.§herein said temperafure characteristics
are represented by a temperature 4dTA enabling the
normal ink discharge from said recording head, said
temperature being detected at the application of a
predetermined energy Elzto the electrothermal
converter in.a plurality of the recording heads, and
by a ratio of a temperature dTB in an abnormal
discharge state in which the ink is not discharged
from said recording head, to a temperaturé daTC
detected by said temperature-detection means when
an energy E2 not inducing the ink discharge from said

recording head is applied.
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46. An ink jet recording apparatus according
to claim 38, further comprising:

informing means. for providing infeormation,
based on the result of judgment of ink discharge state

by said judgment means.

47. An ink jet recording apparatus acco;ding
to claim 38, comprising said temperature detection
means in plural units, wherein the judgment of the
ink discharge state is conducted according to the
result of detection in a predetermined number of

temperature detection means among said plural units.

48. .An ink jet .recording apparatus according

to claim 38, further comprising:

input means which allows the user to enter an
instruction for the execution of detection of said ink
discharge state, wherein said judgment means is
adapted to judge the ink discharge state in response
to the instruction entered by the user through said

input means.

49. An ink jet recording apparatus according
to claim 38, wherein said recording head.is adapted
.to induce .a state change .including -bubble generation
in the ink, by means of thermal energy, and to effect

ink discharge based on said state change.
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50. An ink jet recording apparatus including means for
detecting the temperature characteristics of an ink jet
recording head wherein the result of detection is

utilised for detecting the ink discharge state.

51. An ink jet recording apparatus including means for
detecting the temperature characteristics on plural
recording heads, and means for effecting statistical
processing to enable exact dgtection of the ink discharge
state, unaffected by thel individual difference of the

recording heads.
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METHOD FOR JUDGING DISCHARGE STATE OF INK JET
RECORDING HEAD, AND INK JET RECORDING APPARATUS
UTILIZING THE SAME

ABSTRACT

The temperature characteristics of an ink jet
recording head are detected, and the result of
detection is utilized for detecting the ink discharge
state. Also a statistical processing on the
temperature characteristics detected on plural
recording heads enables exact detection of the ink
discharge state, not effected by the individual
difference of the reéording heads. Also there isg
detected the abnormality in ink discharge, that may

occur prior to the exhaustion of ink in the ink tank.

FIGURE 2
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