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t hese apparatuses, in the ink-jet type apparatus (ink-jet recording
apparatus), an ink droplet -20 (recording liquid) is.discharged and flied

froma di s‘ch,ar%e %o-rt of a recording head, and is attached to
-~ BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to an ink-jet
recording apparatus for causing a recording head to
discharge an ink to a recording medium to perform
recording, and a temperature control method therefor.

10 Related Background Art

A recording apparatus such as a printer, a copying
machine, a facsimile apparatus, or the like records an
image consisting of a dot pattern on a recording medium
such as a'papef sheet or a plastic thin plate.

15 The recording apparatus can be classified as an
ink-jet type, wire dot type, thermal type, laser-beam
type, and the like according to a recording method. Of
these apparatuses, in the ink-jet type apparatus
(ink-jet recording apparatus), an ink droplet

20 (recording liquid) is discharged and flied from a
discharge port of a recording head, and is attached to
a recording medium, thereby performing recording.

In recent years, a large number of recording
'apparatuses have been used, and are required to have a

25 high recording speed, a high resolution, high image
quality, and low noise.

As a recording apparatus which satisfies these



a recordi ng nedium thereby performng recording. In recent years, a large
nunber of recording apparatuses have been used, and are required to have a“
25 (high rrecordi ng speed, a high resolution, hlgh i mage quallty, and | ow
noi se:” As a tecordi ng appar at us mhlghzsatlsfles t hese - 2-

requirenents, the ink-jet recording apparatus is known. Ih the I nk-j et
recordi ng apparatus, since recording is perfornmed by discharging an ink
froma recording head, the apparatus is considerably 5 influenced by the
tenperature of the recordln head. For this reason, a conventional ink- j et
recordi ngl appEPSP&§eEﬁHF6ystaesbnkam?ﬁdr%$ﬁﬁﬁkpqcﬁRPQEﬁﬁ?%ﬂlﬁmﬁqﬁﬁPMMere|n

a tenperature sensog ang %ﬁ erature pntrol heater whj ch i ncrease cost
are arranged in a 16 F8€ot ng eﬁﬁcﬂﬁ 109 PRIER LG e TN Rrature of the

. recording is performed by discharging an ink from a
recording head, the apparatus is considerably
5 influenced by the temperature of the recording head.
For this reason,'a conventional ink-jet recording .
apparatus employs a so-called closed-loop control
method wherein a temperature sensor and a temperature
control heater which increase cost are arranged in a
10 reéording head unit, so that the temperature of the
recording head is controlled to fall within a desired
range on the basis of the detected temperature of the
recording head. As the temperature control heater, a
heating heater member joined to a recording head unit
15 ©r a discharge heater in a bubble-jet recording
apparatus, proposed by CANON INC., for discharging an
ink droplet by growing bubbles by film boiling of an
-ink is used. When the discharge heater is used, it
must be energized so as not to generate bubbles.
20 In particular, in a bubble-jet recordiﬁg apparatus
(which is proposed by CANON INC., and forms bubbles in
a solid-state or liquid ink using a heat energy to
obtain an ink droplet to be discharged), since its
discharge characteristics are largely varied depending
25 o©on the temperature of the recording head, as is
conventionally known, closed-loop temperature control

tends to be performed. Alternatively, only an



recording head is controlled to.fall within a desired range on the basis of
the{detected tenperature of the recording head. As the tenperature contro
heater, a heating heater nmenber joined to a recording head unit 15 or a

di scharge heater in a bubble-jet recogding apparatus, proposed by CANON

I NC., for discharging an ink droplet by grow ng bubbles by filmboiling of
an ink is used. Wien the discharge heater is used, it nust be energized so
as not to generate bubbles. 20 In particular, in a bubble-jet
recordi ng ;appar.atus and forns bubbles in

whi ch i b :
a solid-state of Trq F&%%nR%EggégpgﬁﬁggtX%g€$%§1%%%iﬁn%ﬁwpéﬁFi|1k droplet to
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depending 25 on the nperature o e fecor

conventi onal | ¥ By CHBASILYORBLRIPEHRLLY S &I 1HKISid 0 be
performed. Altérnatively, only an
available.

5 However, in recent years, since portéble OA
equipments such as laptop personal computers have
become popular, portable printers are required to have
high quality. A disposable cartridge type printer in
which a head and an ink tank are integrated will lead

10 the portable printers since it has a compact structure.
In addition, the disposable cartridge type printer will
become more popu;ar in terms of maintenance due to an
increase in popularity of home- or personal-use
wordprocessors, personal computers, facsimile

15 apparatuses.

In this case, since the temperatﬁré sensor and the
heater for temperature control are incorporated in the
disposable cartridge, the following drawbacks are
posed.

20 (1) Variation in temperature measurement values due to

variation in temperature sensor

Since a disposable head is an expendable supply, a
sensor having a variation in characteristics is
connected to the printer main body every time the head

25 1is exchanged.

In a bubble-jet recording head, since a discharge

heater is manufactured in a semiconductor process, a.



-3- inexpensive printer which is used for a conpact electronic cal cul ator
which disregards printing quality, density nonuniformty, and the like is
available. 5 However, in recent years, since portable QA equipnents
such as | aptop personal conputers hav?.becone popul ar, portable printers
are required to have high quality. A disposable cartridge type printer in
which a head and an ink tank are integrated will lead 10 the portable
printers since it has a compact structure. In addition, the disposable
cartridge type rlnter wi || beconme nore popular in terms of maintenance due
to an increase THPIRPIRMRM o dehRsting getsoparagysenefdpr se65568ing

per sonal conputers facsimle 15 paratuses. In this_case, since the

tenperature serl®&fd Pt he Hakegr Forme ity 8 84RBLEI PEPESEHAcEPpor at ed
in the disposabjg. carty égg%.tigiﬂggléﬁM M ode?BRacKs 28R om a

variation in the manufacture, it does not have high
S precision like in a temperature sensor as a selected
product, and may often cause a difference of 15°C or
more among manufacturing lots as measurement values of
an ambient temperature.
For this reason, closed-loop control using the
10 temperature sensor of the recording head requires a
complicated adjustment operation for adjusting a
variation in temperature sensor of the recording head
in an adjustment process, or mounting a temperature
sensor which is measured and ranked in a main body, and
15 correcting it using an adjustment selection switch.
These operations considerably increase
manufacturing cost, and impair operability. An
increase in signal processing volume caused by these
operations, and a considerable increase in processing
20 volume of an MPU caused by closed-loop control itself
exert a heavy load on design of a compact or portable
printer main body apparatus.
(2) Countermeasure against electrostatic noise
Since a disposable head is an expendable supply, a
25 user frequently attaches or detached it to or from a
main body. For this reason, contacts of the main body.

are always exposed.



20 (1) Variation in tenperature neasurenent values due to variation in
tenperature sensor Since a disposable head is an expendabl e supply, a
sensbr having a variation in characteristics is connected to the printer
mai n body every tine the head 25 is exchanged. In a bubble-jet recording
head, since a discharge heater is mnut attured in a seni conduct or process
a -4- 1 di ode sensor for detecting a tenperature of a recordi ng head
must be integrally forned in a single process to decrease cost. Since the
di ode sensor suffers froma variation in the manufacture, it does not have-
high 5  priecision | Bkecenthet eupsiat firem S dengsera tiftee Gletbgqyr dduct, and
may often cause a difference of 15[err]C or nore anmong manufacturing lots
as measurenent G&reeslys supphibed cte a apjpegwiituran a printed circuit

board of the main-body through a carriage and a
flexible wiring, a temperature measurement circuit is
5 very weak against electrostatic noise. Since a compact
or portable printer cannot have a sufficient shield
effect in its housing, it is further weak against
electrostatic noise.
Therefore, in a conventional temperature detection
10 method, an electrostatic shield, and parts as a
countermeasure against electrostatic noise must be
added at respective portions for only a single
temperature sensor, thus considerably disturbing a
compact structure, a decrease in cost, and high image
15 gquality.

. SUMMARY OF THE INVENTION:

It is a principal object of the present invention
to provide an ink-jet recording apparatus which can
control a temperature of a recording head to fall

20 Wwithin a desired range without arranging a temperature
sensor in the recording head, and a temperature control
method therefor.

It is another object of the present invention to
'provide an ink-jet recording apparatus which can

25 control a temperature of a recording head to fall
within a desired range even when a print rate is

changed, and a temperature control method therefor.



For this reason, closed-loop control using the 10 tenperature sensor of
theJrecording head requires a conplicated adjustnent operation for
adjisting a variation in tenperature sensor of the recording head in an

adj ust ment process, or nounting a tengerature sensor which is neasured and
ranked in a main body, and 15 correcting it using an adjustnent selection
switch. These operations considerably increase manufacturing cost, and

i mpair operability. An increase in signal processing volune caused by these
operationf, and a caonsi derabl e increase in processing 20 volunme of an MPU
caused by~ cl osed-| odit d&n€itdlli apethesxebjeqt efivthe @rrssntlesi gn of a
conpact or port.able printer main body a&garatus. (2). Count er reasur e agai nst

el ectrostatic MOVERTSOR: &0, PYPYHEC BN clNEndet STIFPRSING ABRRFAtDI vy, a 25

user frequentl ttaches or . detached it to or froma maip, body. For this
reason, gont ac&&g iy ﬁ'&f‘ﬁrﬁgd?%ﬁygeﬁ?%% %ép%szé%qor ing Head %o

fall within a desired range even when a difference
5 between é temperature in the recording apparatus and a
temperature of the recording head occurs, and a
temperature control method therefor.
It is still another object of the present
invention to provide an ink-jet recording apparatus
10 which can prevent a temperature of a recording head
from being increased to an abnormal high temperature,
and a temperature control method therefor.
In order to achieve the principal object,
according to a preferred aspect of the present
15 invention, there is provided an ink-jet recording
apparatus for causing a recording head to discharge an
ink droplet to perform recording, comprising:
héat means for heating the recording head;
temperature measurement means for measuring an
20 ambient temperature;
timer means for measuring a time associated with a
temperature variation of the recording head in
association with a recording operation; and
control means for controlling an energy to be
25 supplied to the heat means on the basis of the ambient
temperature measured by the temperature-measurement

means and the time measured by the timer means.



-5- 1 Since the output fromthe tenperature sensor is directly
supplied to a circuit on a printed circuit board of the main body through a
carkiage and a flexible wiring, a tenperature nmeasurenment circuit is 5

very weak against electrostatic noisey _Since a conpact or portable printer
cannot have a sufficient shield effect in its housing, it is further weak
agai nst electrostatic noise. Therefore, in a conventional tenperature
detection 10 nethod, an electrostatic shield, and parts as a counterneasure
agai nst electrostatic noi se nust be added at respective portjons for only .a
singl e tenperature IBnSERSr: hasaehheyecrr@ther Al iadh n@ardsing tto

structure, a decrease in cost, .and high | e 15 quality. SUWARY OF THE
TNVENTI O |t PBOEBSF REPESFTHS) EPOEF ©Fctiih deRREr daton
‘ there is provided an ink-jet recording apparatus for
causing a recording head to discharge an ink droplet to
5 perform recording, comprising:

heat means for heating the recording head;

temperature measurement means for measuring an
ambient temperature;

print rate measurement means for measuring a print

10 rate in a predetermined time of the recording head; and
control means for controlling an energy to be
supplied to the heat means on the basis of the ambient
temperature measured by the temperature measurement
means and the print rate measured by the print rate
15 measurement means.

In order to achieve still another object,
according to still another preferred aspect of the
present invention, there is provided an ink-jet
recording apparatus for causing a recording head to

20 discharge an ink droplet to perform recording,
comprising:

temperature measurement means for measuring an
ambient temperature;

print rate measurement means for measuring a print

25 rate in a predetermined time of the recording head; and
temperature increase anticipating means for

anticipating a temperature increase caused by a



to provide an ink-jet recordi ng apparatus which can control a tenperature
of a,recording head to fall 20 within a desired range w thout arranging a
tenperature sensor in the recording head, and a tenperature control nethod
therefor. It is another object of thegpresent invention to provide an

I nk-j et recording apparatus which can 25 control a tenperature of a
recording head to fall within a desired range even when a print rate is

changed, and a tenperature control method therefor. -6- 1 It is
still another qbject,.of the present _invention to provide an jpk-jet )
recor di ng apparato¥ cﬁpgiﬁtg%‘t P8I thet xaperdiny chepd Liteebt PhgthRad to

vt bre 1 B G, S gRYED. MAER Bafh SRR e Bt "Bt Pecor i g
head occurs, apg-3uyrement means; and
temperature increase protection means for limiting
5 supply of a recording energy to the recording head on
the basis of the temperature increase anticipated by
the temperature increase anticipating means.
In order to achieve still another object,
according to still another preferred aspect of the
10 Ppresent invention, there is provided an ink-jet
recording apparatus fof causing a recording head to
discharge an ink droplet to perform recording,
comprising:
heat means for heating the recoxrding head;
15 an electronic element for supplying an energy to
the recording head;
temperature measurement means for measuring a
temperature of the electronic element; and
control means for estimating a temperature of the
20 Trecording head on the basis of the temperature of the
electronic element measured by the temperature
measurement means.
BRIEF DESCRIPTION OF THE DRAﬁINGS:
Fig. 1 is a schematic perspective view of an
25 arrangement suitable for the present invention;
Fig. 2 is an'exploded perspective view of a

cartridge suitable for the present invention;



tenperature control nmethod therefor. It is still another object of the
presgnt invention to provide an ink-jet recordi ng apparatus 10 whi ch can
prevent a tenperature of a recording head from being increased to an
abnormal high tenperature, and a tenpegature control nethod therefor. In
order to achieve the principal object, according to a preferred aspect of
the present 15 I nvention, there is provided an ink-jet recording '
apparatus for causing a recording head to discharge an ink droplet to

performrecording, cqQgprisinhg:_heat neans for, heating the recordi head;
terrperaturfei rreasurerrggg‘néaﬁg ? OPETRRRT YR WPwFho &h atse'ﬂ?ﬂl?:]gture; -

timer nmeans foroﬁeﬂﬁHrEQQt§1&¢QE§ Gated wih a tenperature variation of
the recording head I n association wih a recordi ng operation; and control

means for control lingign gnesay $ér ive %éi&gi id’tﬂ d %&Jheti@}%ﬁ&;o%%% on
the basis of the anbient tenperature neasure y the tenperature
measur ement of an ink-jet unit I1IJU;

5 Fig. 5 is a view for explaining a mounting
operation of the cartridge IJU to an apparatus;

Fig. 6 is a perspective view showing an outer
appearance of an apparatus suitable for the present
invention;

10 Fig. 7 is a perspective view of a recording head;

. Fig. 8 is a sectional view showing in detail
Fig. 7; -

Fig. 9 is a sectional view showing another
arrangement of the recording head;

15 Fig. 10 is a graph showing a change in temperature
of the recording head obtained when temperature control
before printing is performed;

Figs. 11 and 17 are graphs showing a change in
temperature of the recording head obtained when only

20 temperature contrel during printing is performed;

Figs. 12 and 18 are graphs showing a change in
temperature control of the recording head obtained when
only temperature control before printing and
temperature control during printing are performed;

25 Fig. 13 is a graph showing a change in temperature
of the recording head obtained when no temperature-

control is performed;



means and the tinme nmeasured by the tinmer neans. - 7- 1 I n order
to achi eve anot her object, according to another preferred aspect of the
present invention, there is provided an .ink-jet recording apparatus for
causing a recording head to discha[g%xﬁq_ink droplet to 5 perform
recordi ng, conprising: heat means for heating the recording head;

t enper at ure neasurenent neans for neasuring an anbient tenperature; print
rate nmeasurenent nmeans for neasuring a print 10 rate in a predeterm ned
time of the recording head; and control neans for controlling an energy to
be suppli&d to the Reai heabe argraph (showing a ehandas dn uriee .
nmeasured by the tenperature neasurenent nmeans and the print rate neasured
by the print raf cthe nrecerding hear ohtained when a print operation

is performed according to the first embodiment;
Fig. 15 is a flow chart showing temperature
5 control according to the first embodiment of the
present invention;

Fig. 16 is a graph showing an over heat state of
the recording head;

Figs. 19A to 19C are graphs showing a change in

10 temperature of the recording head obtained when
printing is performed according to the second
embodiment of the present invention;

Fig. 20 is a flow chart showing temperature
control according to the second embodiment of the

15 Present invention;

Fig. 21 is a block diagram showing a control
arrangement suitable for the present invention;

Figs. 22, 23, and 25 are graphs shoﬁing a change
in temperature in the machine near a temperature

20 sensor, and a change in temperature of the recording
head;

Fig. 24 is a flow chart showing temperature
control according to the third embodiment of the
present invention;

25 Fig. 26 is a graph showing a change in temperature
in the machine near a temperature sensor and a change

in correction temperature;



In order to achieve still another object, according to still another
preferred aspect of the present invention, there is provided an ink-jet
rec&rding apparatus for causing a recording head to 20 di scharge an ink
droplet to performrecording, conprlsi g: tenperature neasurenent neans for
measuring an anbient tenperature; print rate measurenment heans for
nmeasuring a print 25 rate in a predetermned tinme of the recordi ng head,;
and tenperature increase anticipating neans for anticipating a tenperature
i ncrease caused by a -8- 1 recordi ng operation of the recording head
itself on Yhe basi sFdg.t B8 psi at timirg nehavt eshdwindetipeings réae )
measur enment neans; and tenperature increase protection neans for limting
performing temperature control;
Fig. 28 is a timing chart showing output timings
of temperature control pulses;
5 Fig. 29 is a flow chart showing temperature
control according to the fourth embodiment of the
present invention;
Fig. 30 is a graph showing an equilibrated
temperature of a recording head according to a print
10 rate;
Fig. 31 is a graph showing an increase and a
decrease in temperature of the recording head according
to the print rate;
Figs. 32 and 33 are flow charts showing
15 temperature control according to the fifth embodiment
of the present invention;
Fig. 34 is a perspective view showing an ink-jet
recording apparatus suitable for carrying out
temperature control according to the sixth embodiment
20 ©of the present invention;
Fig. 35 is a partial perspective view showing a
structure of a recording head shown in Fig. 34;
Fig. 36 is a graph showing the relationship
between a temperature of the recording head shown in
25 Fig. 34 and a temperature of a power transistor for

driving a discharge heater;

Fig. 37 is a block diagram showing a temperature



5 supply of a recording energy to the recording head on the basis of the
tenperature increase antici pated by the tenperature increase anticipating
mearts. In order to achieve still another object, according to still another
preferred aspect of the 10 present invention, there is provided an ink-jet
recordi ng apparatus for causing a recofding head to discharge an ink
droplet to performrecording, conprising: heat neans for heating the
recordi ng head; 15 an electronic elenment for supplying an energy to
t he recordi ng head; tenperature neasurenent neans for neasuring a
t enper at urle of cohtrelesystamcof| ehentecardimpicaad shemms i Figst i34gti ng a
tenperature of the 20 recording head on the basis of the tenperature of
the el ectroni c el enBhg.nd8sisca partial ipenspactive missushostingn@ans. BRI EF
DESCRI PTION OF THE DRAWNGS: Fig. 1 is a schematic perspective view of an
structure of a recording head for performing
temperature control according to the seventh embodiment
5 of the present invention;
Fig. 39 is a sectional view of a printed circuit
board according to the seventh embodiment of the
present invention;
Fig. 40 is a block diagram of a temperature
10 control system according to the seventh embodiment of
the present invention;
Figs. 41A and 41B are sectional views of a printed
circuit board used in the eighth embodiment of the
present invention;
15 Fig. 42 is a sectional view of a printed circuit
board used in the ninth embodiment of the present
invention; and
Fig. 43 is a block diagram of a control system
according to the ninth embodiment of the present

20 invention.

. ®
DETATL.ED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

Figs. 2 to 6 are views for explaining an ink-jet
unit IJU, an ink-jet head IJH, an ink tank IT, an
ink-jet cartridge IJC, an ink-jet recording apparatus

25 Main body IJRA, and a carriage HC, and the relationship
among these components. The arrangement of these

portions will be described below with refexrence to



25 arrangenent suitable for the present invention; Fig. 2 is an expl oded
per?pective view of a cartridge suitable for the present invention; -9-
1 Fig. 3 is a perspective view showi ng an assenbly of the cartridge
shown in Fig. 2; Fig. 4 is a perspeetil8e-view of a nmounting portion of an
ink-jet unit 1JU, 5 Fig. 5is a view for explaining a nounting
operation of the cartridge 1JU to an apparatus; Fig. 6 is a perspective

vi ew showi ng an outer appearance of an apparatus suitable for the present
invention;110 & Lg. .7 1S a perspective view of a recording head; Fig.
8is a sec%i onaFIl%'ev%/FsF%ovf\S/i'ng in detail Fig. 7; Fig. 9 is a sectional view

show ng anot her The ink-jet cartridge IJC in this embodiment has
an increased ink storage ratio, as can be seen from the
perspective view of Fig. 3, and has a shape in which - .-
5 the distal end portion of the ink-jet unit IJU slightly
projects from the front surface of the ink tank IT.
The ink-jet cartridge IJC is fixed and supported by a
positioning means and electrical contacts (to be
described later) of the carriage HC (Fig. 5) placed on
10 the ink-jet recording apparatus main body IJRA, and is
of a disposable type which can be detachable from the
carriage HC. Since Figs. 2 to 6 of this embodiment
show arrangements to which various inventions which
have been made in establishment of the present
15 invention are applied, the overall arrangement will be
described below while briefly explaining these
arrangements.
(i) Arrangement of Ink-jet Unit IJU
The ink-jet unit IJU is a bubble-jet type unit for
20 performing recording using an electrothermal conversion
element for generating a heat energy for causing film
boiling of an ink according to an electrical signal.
In Fig. 2, a heater board 100 is prepared.by
forming a plurality of electrothermal conversion
25 element arrays (discharge heéter), a temperature
| control heater, and Al electrical wirings for supplying

an electric power to these heaters on an Si substrate



arrangenent of the recording head; 15 Fig. 10 is a graph showing a
change in tenperature of the recording head obtai ned when tenperature
control before printing is performed; Figs. 11 and 17 are graphs showi ng a
change in tenperature of the recordiLi g head obtai ned when only 20
tenperature control during printing is performed; Figs. 12 and 18 are
graphs showi ng a change in tenperature control of the recording head
obt ai ned when only tenperature control before printing and tenperature
control during rinthg are perforned; 25 i

2 Fig. 13,is a graph_ show ng
a change #n teffefa SPrFﬁélPBCG?ShﬁquQad Bovarhed ﬁhEﬁ“thP%%ﬁﬁrature
control 15, P asrangbd, 2ok, shaghmssesUbekia-30Rn AR BAFS 1970 o
wirings corresponding to those of the heater board 100
(e.g., these wirings are connected by wire bonding),
5 and pads 201, located at the end portions of these.
wirings, for receiving electrical signals from the
apparatus main body.
A grooved top plate 1300, on which partition walls
for dividing a plurality of ink paths, a common ink
10 chamber, and the like are arranged, is formed by
integrally molding an ink reception port 1500 for
receiving an ink supplied from the ink tank and guiding
it to the common ink chamber, and an orifice plate 400
having a plurality of discharge ports. As a mateiial
15 for integrally molding these components, polysulfone is
preferable, but other molding resin materials may be
useg.
A metal support member 300 supports the rear
surfacé of the wiring circuit board 200 on a plane, and
20 serves as a bottom plate of the ink-jet unit. A
pressing spring 500 has an M shape, and presses the
common ink chamber at the central portion of its "M" shape
at a low pressure. In addition, an apron portion 501
of the spring 500 presses a portidn of an ink path at a oo
25 line pressure. The leg portions of the pressing spring
are engaged with the rear surface side of the support

member 300 via holes 3121 of the support member 300 to



Is perforned according to the first enbodinent; Fig. 15 is a flow chart
showi ng tenperature 5 control according to the first enbodi nent of the
present invention; Fig. 16 is a graph showi ng an over heat state of the
recordi ng head; Figs. 19A to 19C are pg aphs showi ng a change in 10
tenperature of the recording head obtained when printing is perforned
according to the second enbodi nent of the present invention; Fig. 20 is a
fl ow chart showi ng tenperature control according to the second enbodi nment

o e 5y P SRR RVERL B EL S 2l o AP SO 3, C0nL O
SraEhs Show 70 AehaBtebl . EFREGRL ‘Hfab iy S Bk LSBT e 2
flow chart shownugnLG¥Re" BbHEE 100 and the top plate 1300 are pressed
and fixed by the biasing force of the pressing spring
5 500 and its apron portion 501. The support member 300
has positioning holes 312, 1900, and 2000 which are
réspectively engaged with the two positioning
projections 1012 of the ink tank IT, and positioning
and thermal fusion bonding projections 1800 and 1801.
10 The support member 300 also has positioning projections
2500 and 2600 for the carriage HC of the apparatus main
body IJRA on its rear surface. In addition, the
support member 300 has a hole 320 for allowing an ink
supply pipe 2200 (to be described later) extending
15 therethrough to supply an ink from the ink tank. The
wiring circuit board 200 is mounted on the support
member 300 by adhesion using an adhesive. Note that
recess portions 2400 of the support member 300 are
formed near the positioning projections 2500 and 2600.
20 These recess portions are present on a plurality of
extending lines of parallel grooves 3000 and 3001
formed on the three side surfaces around the distal end
region of the head portion of the assembled ink—jet
cartridge IJC (Fig. 3). For this reason, unnecessary
25 matters such as dust or an unnecessary ink moved along
the parallel grooves 3000 and 3001 are prevented from

reaching the projections 2500 and 2600. A lid member



control according to the third enbodi nrent of the present invention; 25
Fig. 26 is a graph showing a change in tenperature in the machi ne near a
tenﬁerature sensor and a change in correction tenperature; - 11 - Fig.
27 is a timng chart showing timngs fgr_perforning tenperature control
Fig. 28 is atimng chart show ng output timngs of tenperature control

pul ses; 5 _ Fig. 29 is a flow chart show ng tenperature control
according to the fourth enbodi nent of the present invention; Fig. 30 is a
graph show ng %% equi |l ihrated tenperature of a recordigg head according to
a print 10 rat ;OF%@.W§}°Pstﬁegpéﬁﬁléﬁémﬂﬁgoﬁﬂ 30Q0 cbs cfeymed defines

an outer wall of the ink-jet cartridge IJC, as can be
seen from Fig. 5, and also defines a space portion for
storing the ink-jet unit IJU together with the ink tank

S IT. An ink supply member 600 on which the parallel
groove 3001 is formed forms an ink guide pipe 1600
continuous with the ink supply pipe 2200 as a
cantilever which is fixed at the supply pipe 2200 side,
and a sealing pin 602 for assuring a capillarity

10 between the fixed portion of the ink guide pipe and the
ink supply pipe 2200 is inserted in the member 600.
Note that a packing 601 provides a coupling seal
between the ink tank IT and the supply pipe 2200, and a
filter 700 is arranged.at the end portion on the side

15 of the tank of the supply pipe.

Since the ink supply member 600 is formed by
molding, it is inexpensive, has high positioning
precision, and can eliminate a decrease in precision in
the manufacture. 1In addition, since the ink guide pipe

20. 1600 has a cantilever structure, a pressing contact
state of the guide pipe 1600 against the ink reception
port 1500 can be stabilized. Thus, the ink supply
member 600 is also suitable for mass-production. 1In
this embodiment, a sealing adhesive is fed from the ink

25 supply member side in this pressing contact state, thus -
reliably attaining a complete communication state. The

ink supply member 600 can be easily fixed to the



decrease in tenperature of the recording head according to the print rate;

FL&s. 32 and 33 are flow charts showi ng 15 tenperature control according to
fifth embodi ment of the present invention; Fig. 34 is a perspective

vi ew showi ng an ink-jet recordi ng appbf at us suitable for carrying out

tenperature control according to the sixth enbodi ment 20 of the present

I nvention; Fig. 35 is a partial perspective view showing a structure of a

recordi ng head shown in Fig. 34; Fig. 36 is a graph show ng the
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Fig. 37 is a bkRéWn§i 88r the Sheat NEuPFd Y &lHE Gnk supply member
project through holes 1901 and 1902 of the support
wember 300, and the projecting portions on the rear
5 surface of the support member 300 are thermally fused.
The small thexrmally fused projection regions on the
rear surface portion can be housed in a recess (not
shown) of the wall surface of the ink tank IT on which
the ink jet unit IJU is mounted. Therefore, a
10 positioning surface of the unit IJU can be precisely
obtained.
(ii) Arrangement of Ink Tank IT
The ink tank is constituted by a cartridge main
body 1000, an ink absorber 900, and a 1lid member 1100
15 for seaiing the ink absorber 900 after the ink absorber
is inserted from a side surface opposite to the unit
IJU mounting §urface of the cartridge main body 1000.
The ink absorber 900 impregnates an ink, and is
arranged in the cartridge main body 1000. A sgpply
20 port 1200 supplies an ink to the unit IJU consisting of
the components 100 to 600, and also serves as an
injection port. That is, whén an ink is injected from
the supply port 1200 before the unit is arrangéd on a
portion 1010 of the cartridge main body 1000, an ink is
25 impregnated in the absorber 900.
In-this embodiment, portions capable of supplying

an ink are an air communication port 1401 and this



1 control systemof the recording head shown in Fig. 34; Fig. 38 is a
parti al perspective view showing a structure of a recording head for
perorning tenperature control according to the seventh enbodi nent 5 of
the present invention; Fig. 39 is a sttonal view of a printed circuit
board according to the seventh enbodi nent of the present invention; Fig. 40
Is a block diagram of a tenperature 10 control system according to the
sevent h enbodi nent of the present invention; Figs. 41A and 41B are

The procert | nRReREAPORE F06% T loREA SR TPy S p LY BT

: _ _ _ 42°1s a sectional vié a“printed
circuit board $8RAf-8m! ke Nk NaSdDUL EMN GintA AR AN @R on; and

Fig. 43 is a block diagramof a control system according to the ninth
embodi nent of jBeiRe@SBPtrP¥s 230EMA Othe main body 1000 and partial

ribs 2301 and 2302 of the lid portion 1100 is formed to

5 be continuous with the air communication port 1401 side
over a corner area farthest from the ink supply port
1200. Therefore, it is important to relatively
satisfactorily and uniformly supply an ink to the
absorber from the side of the supply port 1200. This

10 method is very effective in a practical application.
The ribs 2300 include four ribs parallel to the moving
direction of the carriage, which are formed on the
surface of the rear portion of the ink tank main body
1000 so as to prevent the absorber from being in right

15 contact with the surface of the rear portion. The
partial ribs 2301 and 2302 are similarly formed on the
inner surface of the lid member 1100 on the
corresponding extending lines of the ribs 2300, but are
divided unlike the ribs 2300 to increase an air space

20 4as compared to the ribs 2300. Note that the partial
ribs 2301 and 2302 are dispersed on a surface portion
1/2 or less the entire surface of the lid member 1100.
With these ribs, an ink in a corner area farthest from
the ink supply port 1200 of the ink absorber can

25 'reliably guided toward the supply port 1200 by a
capillarity force while being stabilized. The air

communication port 1401 is formed in the lid member to



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS: Figs. 2 to 6 are views
for .explaining an ink-jet unit 1JU, an ink-jet head I1JH, an ink tank IT, an
inktjet cartridge IJC, an ink-jet recording apparatus 25 nain body |JRA,
and a carriage HC, and the relationshitf anong these components. The
arrangenment of these portions will be described belowwith reference to

13 1 Figs. 2 to 6. The ink-jet cartridge IJC in this enbodi nent has an

i ncreased ink storage ratio, as can be seen fromthe perspective view of

Fig. 3, and hascsusdaife |imtdyidy of thBecdiretrflig€noPebihenisité heitik-| et
unit 1JU slightly projects fromthe front surface of the ink tank IT. The

ink-jet cartridgecdd @i, f ixeatRiprovEpaenberby400p0si arpanged nbrsbdend

el ectrical contacts (to be described later) of the carriage HC (Fig. 5)

pl aced on the air communication port 1401 to prevent an ink from
leaking from the air communication port 1401.

5 An ink storage space of the ink tank IT has a
rectangular shape, and its long side corresponds to a
side surface. Therefore, the above-mentioned
arrangement of the ribs are particularly effective.
When the storage space has a long side parallel to the

10 ®™oving direction of the carriage, or.has a cubic shape,
the ribs are formed on the entire 1lid member 1100 to
stabilize ink supply from the ink absorber 900. 1In
order to store an ink in a limited spéce as much as
possible, a cubic shape is suitable. However, in order

15 to efficiently use the stored-ink for recording, as
described above, it is important to form ribs capable
of performing the above-mentioned operation on two
surface regions adjacent to the corner portion.
Furthermore, the ribs 2301 and 2302 on the inner

29 Surface of the ink tank IT in this embodiment are
arranged at an almost uniform distribution with respect
to the direction of thickness of the cubic ink absorber
900. This structure is important since it can uniform
an atmospheric pressure distribution with respect to

25 ink consumption of the overall absorber, and can make

an ink residue almost zero.

Furthermore, the technical idea of. the arrangement



10 the ink-jet recording apparatus main body IJRA and is of a disposable
typzwmhich can be detachable fromthe carriage HC. Since Figs. 2 to 6 of
t hi s enbodi ment show arrangenents to which various inventions which have
been made in establishment of the preggnt 15 invention are applied, the
overall arrangenent will be described below while briefly explaining these
arrangenents. (i) Arrangenent of Ink-jet Unit 1JU The ink-jet unit 1JUis a
bubbl e-jet type unit for 20 perform ng recording using an el ectrothermnal
conversion, el enent_for generating a heat energx for causi;g filmboiling of
an ink accbrdiﬁﬂyﬁﬁ“%ﬁf Sedidiic R degRribednbelew In moredetabbard 100 is
prepared by fo 'Qﬁ a pIur%éiLé of ilectrgéhernal conversion_ 25 el enent
arrays (di scha&@@ h&dt &7 "aVeBeper JPUPeSLOR: 28I 2 nEATLRS ’a‘?lodﬁwx_élﬁ%tri cal
Wi rings for SUW@G@ %9p%%i%&%%tEb%aEﬁéﬁrb§°p£Q§é§tf§8ttré fﬁkagué%l§UbStrate
port 1200 of the ink tank onto the square upper surface
5 of the cube as the center, it is important to arrange
the above-mentioned ribs on a surface portion outside
the arc so that an atmospheric pressure is given
earlier to the absorber portion located outside the
arc. 1In this case, the position of the air
'10 communication port 1401 of the tank is not. limited to
that of this embodiment as long as air can be
introduced to the rib arrangement region.
In this embodiment, the ink-jet cartridge IJC has
a flat rear surface portion with respect to the head to
15 minimize a necessary space when it is assembled in the
apparatus, and to maximize an ink storage amount.
Therefore, the cartridge of this embodiment has an
excellent structure since the apparatus can be rendered
compact, and an exchange frequency of cartridges can be
20 decreased. A projecting portion for the air
communication port 1401 is formed by utilizing a rear
portion of a space for integrating the ink-jet unit
IJU, and the interior of the projecting portion is
hollowed to form an atmospheric pressure supply space
25 1402 for the total thickness of the absorber 900, as

described above. With this arrangement, an excellent

cartridge which cannot be realized by the conventional



- 14 - by a filmformation technique. A wring circuit board 200 is
arranged for the heater board 100, and has wirings corresponding to those
of € he heater board 100 (e.g., these wirings are connected by wire

bondi ng), 5 and pads 201, |located a1 the end portions of these wrings,
for receiving electrical signals fromthe apparatus main body. A grooved
top plate 1300, on which partition walls for dividing a plurality of ink
pat hs, a comon ink 10 chanber, and the |like are arranged, is formed by

integrally nolding _an ink reception,port 1500 for receiving an ink supplied
fromthe ihk tgﬁ§&§ﬂﬂuﬁuF8Pn§eiPr?El @4 comon i nk chamber, and an orifice

! . | ! . f
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the rear

and the air communication port 1401 is located above
5 this space. Therefore, even if an ink is released from
the absorber due to any abnormality, the atmospheric
pressure supply space 1402 can temporarily store the
released ink, and can reliably recover it to the
absorber. Thus, an efficient cartridge can be
10 Pprovided.
Fig. 4 shows an arrangement of the unit IJU
mounting surface of the ink tank IT. If a straight
- line which passes almost the center of a projecting
port of the orifice plate 400 and is parallel to the
i5 bottom surface of the tank IT or the mounting reference
surface for the surface of the éarriage is represented
by L;, the two positioning projections 1012 to be
engaged with the holes 312 of the support member 300
are located on the straight line Ly. The height of
26 each projection 1012 is slightly smaller than the
thickness of the support member 300, and this
projection positions the support member 300. A pawl
2100 to be engaged with a 90° engaging surface.4002 of
a positioning hook 4001 of the carriage is located on
25 the extending line of the straight line L, on this
drawing, so that a posifioning force for the carriage

acts on a surface region parallel to the reference



surface of the wiring circuit board 200 on a plane, and 20 serves as a
bottom plate of the ink-jet unit. A pressing spring 500 has an M shape,
and presses the common ink chanber at the central portion of its "M shape
at a low pressure. In addition, an-a@nr portion 501 of the spring 500

presses a portion of an ink path at a 25 | i ne pressure. The |leg portions
of the pressing spring are engaged with the rear surface side of the
support nenber 300 via holes 3121 of the support nmenber 300 to -15 - 1

engagi ng 1 hescSSERREReR e the, Forsdtal Budeitaoo A% “ERd B8 plate
1300 are pressgdgsapsh, axia_&i%%{ &iﬁhqeﬁf&éeo%eﬂtg'g% Rhess Ng spring 5

500 and its apron portion € support nenbé has positioning

gglsietsi gﬁghgmﬁemﬂﬁoe&@@pmaﬁ S R NESRE Hiined] Y HN G 1Wnlifgt e WO
precision of only the ink tank is equivalent to that of
5 a discharge port of the head.
Projections 1800 and 1801 of.theuink tank
. corresponding to the fixing holes 1900 and 2000 of the
support member 300 to the side surface of the ink tank
are longer than the above-mentioned projections 1012,
10 and extend through the support member 300. . The
projecting portions of these projections are thermally
fused to fix the support member 300 on the side surface
of the ink tank. When a straight line perpendicular to
the above-mentioned line Ly and.passing the projection
i5 1800 is represented by L3 and a straight line passing
through the pfojection 1801 is represented by L,, since
almost the center of the supply port 1200 is located on
the straight line L3, the above-mentioned projections
stabilize a coupling state between the supply port 1200
20 and the supply pipe 2200, and can reduce a load caused
by dropping or a shock to the coupling state, resulting
in a preferable arrangement.
The straight lines L, and L3 do not coincide with
each other, and the projections 1800 and 1801 are
25 Present around the projections 1012 on the dischérge
port side of the head IJH, thus reinforcing a

positioning effect of the head IJH with respect to the



projections 1012 of the ink tank IT, and positioning and thermal fusion

bondi ng projections 1800 and 1801. 10 The support nmenber 300 al so has
posttioning projections 2500 and 2600 for the carriage HC of the apparatus
mai n body IJRA on its rear surface. 4 @3addition, the support nenber 300 has
a hole 320 for allowi ng an ink supply pipe 2200 (to be described | ater)
extendi ng 15 therethrough to supply an ink fromthe ink tank. The wiring
circuit board 200 is nounted on the support mnmenber 300 by adhesi on using an

adnesive. Note thak ' efses Rt 050008k chBagsHIDE! ! rUBFREENE0ad ©

formed neal the positioning projections These recess

portions are preg€st WALPR podidldd Yeneh eneCRdkNGubplgSmehbBRr 8bbeisgr ooves
3000 and 3001 forned on the three side surfaces around the distal end

region of the heeenped! i opinde iR Progeiadnsnigpet anar t8odgarklC (Fig. 3).
For this reason, unnecessary 25 matters such as dust or an unnecessary
i nk nmoved al ongpiéseperalony o @m@ve3j) zhdy3cthn previpdevanted from

reaching the projections 2500 and 2600. A |id nmenber

5 sufficient mechanical strength and position precision
against to the weight of the arrangement on the distal
end side of the head IJH. Note that a distal end
collar 2700 of the ink tank IT is inserted in a hole of
a front plate 4000 of the carriage HC to cope with an

10 abnormal state wherein the ink tank is extraordinarily
displaced. A removal stopper 2101 for the carriage HC
is arranged near a bar (not shown) of the carriage HC,
and serves as a projection member which is inserted
below this bar at a position where the cartridge IJC is

15 turned and mounted, as will be described later, and
maintains a mounting state even when an upward force
for releasing the carriage from the aligned position
accidentally acts.

The ink tank IT is covered with the 1lid member 800

50 after the unit IJU is mounted thereon, thus defining a
shape for surrounding the unit IJU excluding a lower
opening. As for the ink-jet cartridge IJC, since a
lower opening to be mounted on the carriage HC is
adjacent to the carriage HC, a substantially four-way

25  Surrounded space is formed. Therefore, heat generated
by the head IJH located in the surrounded space is

effective for keeping a temperature in this space but



-16- 1 800 on which the parallel groove 3000 is fornmed defines an outer
mal¢ of the ink-jet cartridge 1JC, as can be seen fromFig. 5 and al so
defines a space portion for storing the ink-jet unit 1JU together with the
ink tank 5 I T. An ink supply nmerb@f 600 on which the parallel groove
3001 is fornmed forns an ink guide pipe 1600 continuous with the ink supply
pi pe 2200 as a cantilever which is fixed at the supply pipe 2200 side, and
a sealing pin 602 for assuring a capillarity 10 bet ween the fixed portion

of the ink;gui midiipciih e & BhaliPRbMpBEREuLd0Pnésch 8Ok thet he
menber 600 Not e that a packing 601 prOV|des a coupling seal between the

ink tank |T ancapperatiplis Wamtidddus1gndsadf Ebkea Y6Agi pepioanged at the
end portion on the side 15 of the tank of the supply plpe Since the ink
supply nenber 6fiines fRomahilsy reason, in order to assist natural heat

dissipation of the support member, a slit 1700 having a

5 smaller width than this space is formed, so that a

uniform temperature distribution of the entire unit IJU

does not depend on an environment while preventing a

temperature increase.

When the ink-jet cartridge IJC is assembled, an

10 ink is supplied from the interior of the cartridge into
the supply member 600 via the supply port 1200, the
hole 320 formed on the support member 300, and an inlet
port formed on the central rear surface of the supply
member 600. After the ink passes through the interior

15 ©f the supply member 600, it flows into the common ink
chamber via an appropriate supply pipe and the ink
reception port 1500 of the top plate 1300. Packings
of, e.g., silicone rubber or butyl rubber are arranged
in connected portions for ink communication in the

20 @above arrangement, thus providing a seal to assure an
ink supply path.

In this embodiment, the top plate is formed of a
resin such as polysulfone, polyethersulfone,
polyphenylene oxide, polypropylene, or the like, and is

55 Simultaneously molded by molds together with the

orifice plate portion 400.

As described above, since the integrally molded
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mol ding, it is inexpensive, has high positioning precision, and can

eli.m nate a decrease in precision in the manufacture. In addition, since
thg i nk gui de pipe 20. 1600 has a cantilever structure, a pressing contact
state of the guide pipe 1600 agai nst 2%e- i nk reception pqart 1500 can be
stabilized. Thus, the ink supply nmenber 600 is also suitable for

mass- production. In this enbodi nent, a sealing adhesive is fed fromthe ink
25 supply nmenber side in this pressing contact state, thus reliably

attainingsa c e newgi i | p 600 can be
easily fi>l<ed ?%Q%ﬁée afé’_ ﬁﬁ&i é{'{bs‘%légor mb-rgtaierrbsgrlil% 8‘ ?'lrr\ly:gg'ciﬁtegarmnner t hat
pi ns (not sho t r rdaas of ' s\ s r @apgct

t hrough ho|esw@%%§@gﬁ§fi%%§”% témesu8%%&?%%%ﬂ3%%y%%%%lgﬁgeﬁﬁggp%gﬁécting

portions on thgndeghedink €akik arLiP i bddif VWO g BRen®dy are thermal Iy

fused.
precision can be attained, and quality in
] mass-production can be improved. Since the number of
parts can be @ecreased, excellent predetermined
characteristics can be reliably exhibited.

In this embodiment, in an assembled shape, as
shown in Figs. 2 to 4, a slit S is formed between an

10 upper surface portion 603 of the ink supply. member 600
and an end portion 4008 of a roof portion having the
slit 1700 of the ink tank IT, as shown in Fig. 3, and a
slit similar to the slit S is formed between a lower
surface portion 604 and a head end portion 4011 of a

15 thin plate member to which the lower lid member 800 of
the ink tank IT is adhered. These slits between the
ink tank IT and the ink supply member 600 essentially
perform an operation for promoting heat radiation of
the slit 1700, and can prevent an unnecessary pressure

20 applied to the tank IT from directly applying to the
supply member, and the ink-jet unit IJU.

In any case, the above arrangements of this
embodiment are unique ones, can independently provide
advantages, and can also provide a systematic

25 arrangement as a whole.

(1ii) Mounting of Ink-jet Cartridge IJC to Carriage HC

In Fig. 5, a platen roller 5000 guides a recording



The smal|l thermally fused projection regions on the rear surface portion
in a recess (not shown) of the wall surface of the ink tank
n which the ink jet unit 1JUis nounted. Therefore, a 10 positioning
unit 1JU can be preciszby-obtained. (ii) Arrangenent of Ink
Tank I T The ink tank is constituted by a cartridge nmain body 1000, an ink
absorber 900, and a |lid nenber 1100 15 for sealing the ink absorber

can. be housed
ITqb

surface of the

after the ink absorber

| npregnat es an
supply 20 po
conponents 100

I'nk, and’ i’ S arrange he~ car

0 600, and al so serveS as an injection port. IS,

900

is inserted froma side surface opposite to the unit
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an ink is injegoadel sO00NeandPRLYpPOViadd 0P Bief@ie fntuPllates Ayoanged on
of the cartridge main body 1000, an ink is 25 | npr egnat ed

in the absorber(t¥3@kness = 2 mm) located on the front surface side of

a portion 1010

5

10

15

20

25

the ink-jet cartridge IJC on the side of the front
platen of the carriage, an electrical connecting
portion support plate 4003 for holding a flexible sheet
4005 comprising pads 2011 corresponding to the pads 201
of the wiring circuit board 200 of the cartridge IJC
and a rubber pad sheet 4007 for generating an elastic
force for pressing the sheet 4005 against the pads 2011
from the rear surface side, and the positioning hook
4001 for fixing the ink-jet cartridge IJC to the
recording position. The front plate 4000 has two
positioning projection surfaces 4010 corresponding to
the above-mentioned positioning projections 2500 and
2606 of the support member 300 of the cartridge. After
the cartridge is mounted, the front plate receives a
force perpendicular to the projection surfaces 4010.
For this reason, a plurality of réinforcement ribs (not
shown) along the direction of the force are arranged on
the front plate 4000 on the side of the platen roller.
These ribs also form head protection projections
slightly projecting (about 0.1 mm) from a front surface
position Lg of the cartridge IJC when the cartridge IJC
is mounted. |

The electrical connecting portion support plate



In this enbodi nent, portions capable of supplying an ink are an air

comruni cation port 1401 and this 1 supply port 1200. In order to

sati sfactorily supply an ink fromthe ink absorber, an intra-tank air
region defined by ribs 2300 in the mai2i body 1000 and partial ribs 2301 and
2302 of the lid portion 1100 is formed to 5 be continuous with the air
communi cation port 1401 side over a corner area farthest fromthe ink
supply port 1200. Therefore, it is inportant to relatively satisfactorily

and uni foryiy syppd \ndd d Pada1RE, S YhfFolbebhlersbd€a 064 t 6 SLPP! Y
port 1200.  This 10 nethod is very effective in a practical application.

The ribs 2300 i&cdiection df RtheDdvieeneheibhedmeybagbdtr eataon of the
carriage, which are forned on the surface of the rear portion of the ink

tank mai n body dDPéctsiormpdrpagndiailiar theaktorben bidewhednprofecthy 15
contact with the surface of the rear portion. The

amount is decreased from the platen side toward the

5 hook 4001. This also serves to provide a function of
inclining the cartridge mounting position, as shown in
Fig. 5. |

The support plate 4003 has two hook-side

projection surfaces 4006 for applying a force to the

10 cartridge in a direction opposite to a direction of a
force applied from the two positioning projection
surfaces 4010 to the cartridge to form a pad contact
region between these two positioning surfaces, and to
uniquely define deformation amounts of projections of

15 the rubber pad sheet 4007, which projections correspond
to the pads 2011. - These positioning surfaces are in
céntact with the surface of the wiring circuit board
200 when the cartridge IJC is fixed at a recording
position. .In this embodiment, since the pads 201 of

20 the wiring circuit board 200 are distributed to be
symmetrical about the above-mentioned line Ly, the
deformation amounts of the projections of the rubber
pad sheet 4007 can be uniformed to much stabilize
contact pressures of the pads 2011. In this

25 embodiment, the pads 201 are distributed in a 2 x 2

matrix.

The hook 4001 has an elongated hole to be engaged



partial ribs 2301 and 2302 are simlarly fornmed on the inner surface of the
lid menber 1100 on the correspondi ng extending lines of the ribs 2300, but
di vided unlike the ribs 2300 to increase an air space 20 as conpared
to the ribs 2300. Note that the partdal-ribs 2301 and 2302 are dispersed
on a surface portion 1/2 or less the entire surface of the |id nember 1100.
Wth these ribs, an ink in a corner area farthest fromthe ink supply port
1200 of the ink absorber can 25 reliably guided toward the supply port

éé?to ?ZO? Hcgp:‘lgrk%ld&?/?lggfﬁfg?%lt&rﬁoer @abl%%ogt@u@erﬁﬁmﬂluon
the cartridge BuGOBRURbERKEs! HLRPWIR A fusdrdRlenionis paRer 1400 1s

arranged inside the alr comunication port 401 to vent an”ink from
| eaki ng frO”‘tﬁ@lik&lﬁ@”ﬁ”ﬂb@fﬁ¢(§béﬁétoéfgﬂis elongated hole, and

thereafter, is moved to the left along the platen

5 roller 5000, thereby positioning the ink-jet cartridge
IJC with respect to the carriage HC. The hook 4001 may
be moved in any other patterns, but may be preferably
moved by, e.g., a lever. When the hook 4001 is
pivoted, the cartridge IJC is moved toward the platen

10 roller, and the positioning projections 2500 and 2600
are moved to positions where they can be brought into
contact with the positioning surfaces 4010 of the front
plate. When the hook 4001 is moved to the left, the
90° engaging surface 4002 is brought into tight contact

15 Wwith the 90° surface of the pawl 2100 of the cartridge
IJC, and the cartridge IJC is turned about the contact
regions between the positioning surfaces 2500 and 4010
in the horizontal plane as the center. Finally, the
pads 201 and 2011 begin to be brought into contact with

20 €ach other. When the hook 4001 is held at a
predetermined position, i.e., a fixing position, a
complete contact state between the pads 201 and 2011, a
complete surface contact state between the positioning
surfaces 2500 and 4010, a two-surface contact state

55 between the 90° engaging surface 4002 and the 90°
surface of the pawl, and a surface contact state

between the wiring circuit board 200 and the



5 An ink storage space of the ink tank I T has a rectangul ar shape,
and_.its l'ong side corresponds to a side surface. Therefore, the
abdve-nmenti oned arrangenent of the ribs are particularly effective. Wen
the storage space has a long side par2plel to the 10 noving direction of
the carriage, or has a cubic shape, the ribs are forned on the entire |id
menber 1100 to stabilize ink supply fromthe ink absorber 900. In order to
store an ink in alimted space as nmuch as possible, a cubic shape is

e e
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surface of theyihly baRlbelt kB thbScapbpdjgene. are arranged at an al nost
uniformdistribution with respect to the“direction of thickness of the

cubi c i nk absor(ien 9@@pakaicasSiaiiit 6@yl s i nportant since it can uniform an
at mospheric pressure distribution with respect to

5 Fig. 6 is a schematic perspective view of the
ink-jet recording apparatus main body IJRA on which the
above-mentioned cartridge is mounted. The carriage HC
which is engaged with a spiral groove 5004 of a lead
screw 5005 rotated through dfiving force transmission

10 gears 5011 and 5009 in cooperation with a
forward/reverse rotation of a driving motor 5013 has
pins (not shown), and is reciprocally moved in
directions of arrows a and b. A sheet pressing plate
5002 presses a sheet against the platen roller 5000

15 @along the carriage moving direction. Photocouplers
5007 and 5008 serve as home positidn detection means
for detecting the presence of a lever 5006 of the
carriage HC in a corresponding region to switch, e.g.,
a rotational direction of the motor 5013. A member

20 5016 supports-a cap member 5022 for capping the front
surface of the recording head. A suction means 5015
draws the intefior of this cap member by vacuum
suction, i;e., performs a suction/recovery operation of
the recording head through an opening 5023 in the cap

25 Wember. A cleaning blade 5017 and a member 5019 for

allowing the blade 5017 to be movable in the

back-and-forth direction are supported on a main body
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25 ink consunption of the overall absorber, and can nake an ink residue

al npst zero. Furthernore, the technical idea of the arrangenent - 20 -
of the ribs will be described belowin nore detail. Wen an arc having a
|l ong side as a radius is drawn to havip a. position obtained by projecting

the ink supply port 1200 of the ink tank onto the square upper surface 5
of the cube as the center, it is inportant to arrange the above-nenti oned
ribs on a surface portion outside the arc so that an atnospheric pressure

2,3 ven oar! | BhohbeE "B A0S0508 PO A ALEU L AAE A a1 1
I Lt T G i
has applied to this embodiment, as a matter of course. A

lever 5021 is used to start the suction/recovery

5 operation, and is moved upon movement of a cam 5020
which is engaged with the carriage HC. The lever 5021
is subjected to movement control by a known
transmission means such as a clutch for switching a
driving force from the driving motor.

10 These capping, cleaning, and suction/recovery
operations can be performed at their corresponding
positions upon operation of the lead screw 5005 when
the carriage HC reaches the home position region.
However, any other means may be applied to this

15 embodiment as long as desired operations are performed
at known timings. The respective arrangements
described above are excellent inventions not only
solely but also systematically, and are preferable ones
to apply the present invention.

20 The present invention which can be applied to the
arrangements shown in Figs. 2 to 6 will be described
below with reference to Fig. 1, Fig. 7, and subsequent
drawings.

Figs. 1, 7, and 15, and Tables 1 and 2 show the

25 first embodiment of the present invention. 1In Fig. 1,

a recording head 2 (IJH) is coupled to an ink tank 1

(IT). As shown in Fig. 7, the ink tank 1 and the

1
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a flat rear surface portion with respect to the head to 15 mnimze a
nec?ssary space when it is assenbled in the apparatus, and to maxi m ze an
i nk\st orage anount. Therefore, the cartridge of this enbodi nent has an
exXcell ent structure since the apparatgs can be rendered conpact, and an
exchange frequency of cartridges can be 20 decreased. A projecting
portion for the air conmunication port 1401 is fornmed by utilizing a rear
portion of a space for integrating the ink-jet unit 1JU, and the interior
of the projecting portion is hollowed to forman atnospheric pressure
suppl y space 25€Corfdng: feadne £orm apninkagsated dieresalleer 900, as

descri bed. above, ?&pgﬁ&pis arrangenen , .an._excellent cartrid whi ch cannot
be realized by PFETEER ent PoffAFriage 4. (HC) 18 17edute Jee Hi%®vi ded. Note

that the at”USQQQ&&&d%%?%%UEﬁesgggk¥e§p%§fn body. A guide 4 scans

the carriage in a sub-scanning direction. A flexible
5 cable 6 supplies a driving signal pulse current and a
head temperature control current to the recording head
2. A printed circuit board 7 comprises an electrical
circuit for controlling the printer. A sensor 8
measures an ambient temperature in the printer. Fig. 7
10 shows the disposable cartridge. In Fig. 7, .a nozzle
portion 7 discharges ink droplets.
Fig. 8 shows the recording head 2 in detail. The
heater board 100 formed by a semiconductor
- manufacturing process is arranged on the upper surface
15 of the support member 300. The heater board 100
comprises a température control heater (temperature
increase heater) 10 for keeping and controlling the
temperature of the recording head 2. The wiring
circuit board 200 is arranged on the suppbrt.member
20 300. The wiring circuit board 200, the temperature
control heater 10, and a discharge heater 13 are
electrically connected by, e.g., wire-bonding (wirings
. are not shown). The temperature control heater 10 may
be formed by adhering a heater member, which is formed
25 1in a process different from that for the heater board
100, to, e.g., the support member 300, as shown in

Fig. 9.
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1402 is considerably larger than a conventional one, and the air
congunication port 1401 is | ocated above 5 this space. Therefore, even
if an.ink is released fromthe absorber due to any abnormality, the .
at nospheri c pressure supply space 140%2c3n tenporarily store the rel eased
ink, and can reliably recover it to the absorber. Thus, an efficient
cartridge can be 10 provided. Fig. 4 shows an arrangenent of the unit 1JU
nmounting surface of the ink tank IT. If a straight |ine which passes al nost

the center_of a proje t#gg port of the orifice plate 400 and is parallel to
the 15 bottom surfalePBPPifieltahk farmed tyronipatIRg 1% didhce surface for

broj ecti ong 10132E8SRRSRE8seR L7Th T Movele 316 14 shed diferdrdhber 300
Tt PSoLe S Sk, Ebhalop e oot R P £ bR oo
this projectiognP@akt t8NGe! 88 SHRPPLd I HnSWhcdtdAY head.
5 Open-loop temperature control according to the
first embodiment will be briefly described below.

In this embodiment, in order to control the
temperature of the recording head to a target
temperature determined by concerning discharge

10 characteristics, e.g., a print density, temperature
control before printing and temperature control during
printing are performed. In the temperature control
before printing, a heating amount of the temperature
control heatef is determined on the basis of a lapse of

15 time from the previous printing operation (wait time
and non-print time) and the present ambient
temperature, and heating is performed immediately
before printing. 1In the temperature control during
printing, the heating amount is determined on the basis

20 ©Of the lapse of time from the previous printing
operation and the present ambient temperature, and
heating is performed during prinfing. “During
printing" means not only aﬁ instance when printing is
actually performed (a heating period of a print

25 heater), but also a series of operation periods for
performing printing, e.g., an acceleration or

deceleration period of the carriage, and a reverse



2100 to be engaged with a 90[err] engagi ng surface 4002 of a positioning
hook. 4001 of the carriage is |ocated on 25 the extending |ine of the
straight line L[err] on this drawing, so that a positioning force for the

carriage acts on a surface region parakkel to the reference -22- surface
including the straight line L[err]. As will be described [ater with
reference to Fig. 5, these relationships are effective since the
positioning precision of only the ink tank is equivalent to that of 5 a

di scharge port of the head. Projections 1800 and 1801 of the ink tank
correspondi Ag t RO LRi AgPhELESCbonatnBrBbonedet he support nmenber 300
to the side sur ag OE tﬁe ink tank are |l o ﬁﬁr t han f he_above-nenti oned

a i& an§

proj ections 101 mRRraRirent-eRERot nRata phrrle RetRre Jplnting
projecting portions of these projections are thermally
Ambient Temperature|25°C 25 21 17 13°C
or to to to or
Wait Time higher| 21°C | 17°C | 13°C |higher
S 0 or 120 sec or more oz 402 602 801 1002
60 to 120 sec 0z 107 402 602 80
30 to 60 sec 0z 0z 202 402 602
15 to 30 sec 0z 0z 0z 202 402
15 sec or less 0z 0z 174 0z 202

Table 2 Temperature Control Data Table During Printing
10

Ambient Temperature|25°C 25 21 17 13°C
or to to to or
Print Time higher| 21°C | 17°C | 13°C |higher

0 to 60 sec 0z 60 802 902 100z

60 to 360 sec 0z 302 402 452 S0z

360 sec or more 0z 202 302 352 402

15 Tables 1 and 2 show control parameter data tables

used when the temperature control operations before and
during printing are performed, and these tables are
storéd in a ROM. In each table, "100%" represents
supply of a maximum energy, and *0%" represents supply
20 of no energy;. In this embodiment, an energy supply
amount is controlled according to an energization time
(heating pulse width) to the temperature contfoln
heater. 1In the temperature control before printing, a
maximum energization time is set to be about 6 sec, and
23 in the temperature control during printing, it is set

to be about 120 msec. Note that the energy supply

amount may be controlled by an energization voltage in

Lt



fused to fix the support nmenber 300 on the side surface of the ink tank.
VMeg a straight |ine perpendicular to the above-nentioned line L[err] and
passi ng the projection 15 1800 is represented by L3 and a straight line
passi ng through the projection 1801-i 84represented by L[err], since al nost
the center of the supply port 1200 is |located on the straight line L[err],
t he above-nenti oned projections stabilize a coupling state between the
supply port 1200 20 and the supply pipe 2200, and can reduce a | oad caused

Y noibund, TR ol BRSCGHPh L0 Ling, SESLY Y Lonceot shengp €

arrangenment. The straight |ines not ~ cor ncl Wt h each

other, and the Hyh eHd @Aers899t2sd L8Rd 2he $o1agecn! around t he
proj ections 1012 on the disCharge port side of the”head |JH, thus

rgignf orcing a positiranieighekf 8¢t thé tofpdLaeutd edhtFol esperdticnd he
T before and during printing, as an ambient temperature
5 is lower, the energy supply amount is increased to
increase a temperature increase amount, so that the
head temperature is closer to the target temperature.
In the temperature control before printing, since it
can be considered that the recording head radiates more
10 heat as a wait time is longer, the energy supply amount
is set to be large to cause the head temperature to
approach the target temperature. On the other hand, in
the temperature control during printing, since it can
be considered that the temperature of the head is
15 1increased due to heat accumulation as a print time is
longer, the energy supply amount is set to be small.
When the temperature control is performed as
described above, the temperature of the recording head
can be controlled to the target temperature without
20 using conventional closed-loop control. This
temperature control will be described in detail below.
Fig. 10 shows a change in actual temperature (Ty)
of the recording head with respect to an ambient
temperature (Tp) and a target temperature (Tg) when
55 only the temperature control before printing is
performed. Fig. 11 similarly shows a change in

temperature of the recdrding head when only the



tank. Note that a curve indicated by L4 represents an outer wall position
wheri the ink supply nenber 600 is nounted. Since the projections 1800 and
1801 are present along the curve L[erri they can provide a 5 sufficient
mechani cal strength and position preti $0n agai nst to the weight of the
arrangenment on the distal end side of the head IJH Note that a distal end
collar 2700 of the ink tank IT is inserted in a hole of a front plate 4000
of the carriage HC to cope with an 10 abnornmal state wherein the ink tank

i s extraordinar téypdi-aphaeedontrd EN@YS nd RAT ngl T aal hhage HC is
arranged near a bar (not shown) of the carriage HC, and serves as a

proj ecti on menbBigwhl2hshews nsech@thdelmwdnperdiaireiiofa thes ideicordihgr e t he
cartridge 1JCis 15 turned and nounted, as will be described |ater, and
mai ntai ns a nnuheadgwbeatbogheﬁhewmnmparannmnwtdhnnma operatieasi ng the
carriage fromthe _aligned position accidentally acts. The ink tank IT is
covered with the ef-%en@%eg ugng pringing axe pgrifioxm@d.i s nount ed t hereon,

t hus defining a .
5 Fig. 13 shows a change in temperature of the

recording head caused by printing itself (self
temperature increase) when only printing is performed
without the temperature control.
Fig. 14 shows a change in temperature of the
10 Yrecording head when printing is performed with the
temperature control operations before and during
printing.
The temperature (Ty) of the recording head is
switched at positions of 60 sec and 360 sec since the
15 data in the temperature control data table dﬁring
printing shown in Table 2 (temperature control
paraméter)-is.changed.
A thermal equilibrated temperature (Tg) shown in
Figs. 11 and 12 means a temperature which can be
20 haturally reached by only a temperature control energy
on the basis of a heat capacity of the head, and is
determined by data shown in Tables 1 and 2. The
thermal equilibrated temperature is set to be slightly
lower than the target temperature, so that the sum of
25 the thermal equilibrated temperature and a temperature -
increase (self temperature increase) caused by self

heating of the recording head shown in Fig. 13



shape for surrounding the unit 1JU excluding a | ower opening. As for the
in%-jet cartridge 1JC, since a |ower opening to be nounted on the carriage
HC'i s adjacent to the carriage HC, a substantially four-way 25 surrounded
space is forned. Therefore, heat genggated by the head I1JH located in the
surrounded space is effective for keeping a tenperature in this space but
-24- 1 corresponds to a snall tenperature increase when the apparatus is
continuously used for a long period of tine. For this reason, in'order to
assi st natural heat dissipation of the support nenber, a slit 1700 having a
5 smallér wi GPRFERBANESH| Lo SRR cta5g¢h HOMPCEBt YRt a uniform tenperature

distribution of the ntére unit |1JU does ﬂOt éﬁg)nd on aq}en jronnent whil e
preventing a tenper atur EETRETRELES GRRNEPheAS -éiﬂg(ﬁﬁtﬁ RIgetTsic i s

assenbl ed, an embodiment of the present invention will be described o
below with reference to the flow chart shown in
5 Fig. 15. Note that a change in temperature of the
recording head caused by this temperature control
corresponds to Fig. 14.
When the power switch is turned on, a wait time
counter and a print time counter are reset to zero to
10 initialize the control parameters in step S101. 1In
step S102, the control waits until a print signal is
input.
When the print signal is input, an ambient
temperature is read from the temperature sensor 8 on -
15 the printed circuit board 7 of the main body in step
§103. In step S104, a wait time of the wait time
counter is read. However, the wait time counter is
reset to "0" as described above immediately after
power-on. In step S105, the temperature control data
20 ‘table before printing (Table 1) is referred to on the
basis of the ambient temperature and the wait time of
the wait time counter. .Immediately after power-on,
since there is no temperature increase due to printing,
the temperature of the recording head is equal to the
25 room temperature. For this reason, a table output -
becomes one of 0% to 100% according to the ambient

temperature, and is larger than those obtained in



10 ink is supplied fromthe interior of the cartridge into the supply
negger 600 via the supply port 1200, the hole 320 forned on the support
menber 300, and an inlet port forned on the central rear surface of the
supply nenber 600.: After the ink pass&d through the interi.or 15 of the
supply menber 600, it flows into the comon ink chanber via an appropriate
supply pipe and the ink reception port 1500 of the top plate 1300. Packings
of, e.g., silicone rubber or butyl rubber are arranged in connected

porti ons fof i Nk ASERKNAGHdDO Wiith Jthe20 wadROYSuLT ANGRIERL, Khgg, P ovi di ng

a seal to assure an ink supply path. In this e I men top plate is

fornmed of a restke Stpeitatiitle/ YorftadA, hRaltket her subimnen PRLYPBen¥! ene
oxi de, polypropylene, or the like, and is 25 sinultaneously nolded by nolds

together with tleated forcechd diasipoiof ahi400utpatddatai Bodinboeasesthée t he-
integrally nol ded
temperature of the nozzle portion 9 and the common ink

5 chamber 12. 1In this embodiment, as the ambient
temperature is lower, the table output is increased to
increase a temperature increase amount.

Upon completion of energization, the start of
printing may be waited for about 1 sec to disperse an

10 abrupt temperature distribution formed in the recording
head. At that time, the wait time counter is reset
(step S107).

In step S108, the érint time counter is started to
print the first line (step S109).

15 +  Thereafter, in step $110, the print time of the
print time counter is read. In step S111, the
temperature control data table during printing (Table
2) is referred to on the basis of the read print time
and the ambient temperature. The count value of the

20 Pprint time counter is not so incremented immediately
after the start of printing, either. For this reason,
the table output becomes one of 0% to 100% according to
the ambient temperature, and is larger than those
obtained in correspondence with other count values.

25 Temperature control conditions of the data are
corrected according to the content of the print signal.

When a line feed (LF) signal is input, correction is



25 1 parts are the ink supply nenber 600, an integrated nenber of the top
pl afe 1300 and the orifice plate 400, and the ink tank main body 1000, high
assenbly precision can be attained, and quality in 5 mass- producti on can
be inproved. Since the nunber of parB88 ean be decreased, .excell ent
predeterm ned characteristics can be reliably exhibited. In this

enbodi nent, in an assenbl ed shape, as shown in Figs. 2 to 4, aslit Sis
formed between an 10 upper surface portion 603 of the ink supply nenber

600 and anjend Mﬂdﬂ[éddfqg&egs %1&9051180?&&9%' %a$iﬂget9ﬁﬁsii+elzgg qof the

ink tank IT, as shown in Fig. 3, and a s ar tot Is fornmed

between a | overopafdtacss mrst in@n taﬂﬁeéaéueehﬁﬁersagep@ﬁél 28 fPidtfhga 15
thin plate nmenber to which the lower |lid nenber 800 of the Tnk tank IT is

adhered. These itlsd)¥ bafnate mmesnghananaréTsaeseébsvegy shpaty teaber 600
essentially performan operation for pronoting heat ation of
temperature of the recording head is immediately
5 decreased if no temperature control is performed.
Since a time required for the line feed operation is
very short, an enerqgy supply amount per unit time
becomes too large unless the output data is corrected.
For this reason, according to this embodiment, a
10 program for correcting a parameter to supply. an energy
1/10 original output data to the recording head per
one~line feed operation is employed.
| The temperature control conditions are then
corrected on the basis of a length of one main scanning
15 line (steps S114 and S115). In this embodiment, the
temperature control heater 10 is energized during
carriage acceleration periods on two sides outside a
print range. For this reaéon, when a carriage moving
amount is small, an energy supply amount per unit time
20 becomes too large. When the carriage mounting amount
does not correspond to a full width, a problem for
multiplying a correction coefficient proportional to an
actual moving amount corresponding to the full width
with the parameter is employed.
25 The temperature control heater 10 is energized on
the basis of these corrected data to perform

temperature control during printing (step S116), and



the slit 1700, and can prevent an unnecessary pressure 20 applied to the
tank IT fromdirectly applying to the supply nmenber, and the ink-jet unit
| JU. In any case, the above arrangenents of this enbodi nent are uni que
ones, can independently provide advants®ges, and can al so provide a
systematic 25 arrangenent as a whole. (iii) Munting of ink-jet Cartridge
IJCto Carriage HC In Fig. 5, a platen roller 5000 guides a recording

-26- 1 medium P froma |l ower side of the drawing toward an upper side.

(he front b ar BT thif nde £ 8%, Bedr¥adl Jes8RoR EAa 1 BERS BPPace i de. |
of 5 the ink’ﬂfﬁné*ﬂééfékﬁ%d‘Eafyﬁe&h%o§QQQu%E 3?%8%;$233852E§§r0f the

carriage, an electrical connecting portion suppo hol di ng a
flexible sheet value of the print time counter is repetitively read.

As described above, as the print time is increased, the
[ output data from the table is decreased. Thus, the
energy supply amount is decreased.

When the print operation is completed, the print
time counter is reset (step S119), and the wait time
counter is started (step S120) to measure a time until

10 the next print signal is input.

When the next print signal is input, the contents
of the wait time counter and the ambient temperature
are read (steps S102 to S104), and an energy level
output from the temperature control data table before

15 printing is determined again on the basis of the read
wait time and the ambient temperature. Thereafter, the
same control operations as described above are
repeated. 1In this embodiment, tﬁe wait time counter
counts up to 120 sec, and when it exceeds 120 sec, the

20 counter is reset to 0 under the assumption that the
temperature is returned to the ambient temperature.

In this embodiment, the disposable cartridge type
recording head is used. The present invention is not
limited to the disposable cartridge type, but may be

25 effective when it is applied to a permanent type head
which does not require exchange of heads.

In this embodiment, both the print time counter



4005 conprising pads 2011 corresponding to the pads 201 of the wiring
cir@uit board 200 of the cartridge 1JC 10 and a rubber pad sheet 4007 for
generating an elastic force for pressing the sheet 4005 agai nst the pads
2011 fromthe rear surface side, and t4%e —positioni ng hook 4001 for fixing
the ink-jet cartridge 1JC to the recording position. The front plate 4000
has two 15 positioning projection surfaces 4010 corresponding to the
above-nmenti oned positioning projections 2500 and 2600 of the support nenber

300 of the gartdndlgehe Ald S (h -Gl )d98 reS BRMRESd arkNBsERORL Pl ate _
receives a force perpendicular to the 'projection surfaces 4010. 20 For this

reason, a pluraperfont bethftlie argiperatise kohtT0AWOpeh@ignshaudihgct i on
of the force are arranged on the front plate 4000 on the side of the platen
roll er. These réamd heéfurd qmirtdady.pr dosetvieay psojfect ropsiakeghhhying
projecting (about 0.1 mm froma front surface 25 position L5 of the
cartridge 1JC whesmahle puint jadpunt) Guch msuat paintees €becani cal connecting

portion support plate
5 electronic calculator, or a printer for outputting only

characters, in which a temperature increase caused by
the print operation itself is smaller than that caused
by a graphic printer, only the wait (non-print) time
counter may be employed depending on an output quality

10 level of the recording apparatus to perform only the
temperature control before printing. As for a printer
exclusively used for cut sheets or a recording
apparatus having a long non-print time, only the print
time counter may be employed to perform only the

15 temperature control during printing.

In order to determine an output energy level in
temperature control, a hysteresis of output data
obtained before printing may be used in addition to
output data obtained by referring to the data table on

20 the basis of the count values (wait time and print
time) upon printing. When a correction coefficient of
output data is to be calculated on the basis of a
carriage moving amount, not only a moving amount of the
present line but also moving amounts of the next and

25 Subsequent lines may be taken into consideration.

As a means for heating the recording head, a known

means may be used. In place of measuring the print



-27- 1 4003 has a plurality of reinforcenent ribs 4004 not in a
direction of the above-nentioned ribs but in a direction perpendicul ar
thereto. A sideward projecting anount is decreased fromthe platen side
toward the 5 hook 4001. This al so43erves to provide a _function of
inclining the cartridge nounting position, as shown in Fig. 5. The support
pl ate 4003 has two hook-side projection surfaces 4006 for applying a force
to the 10 cartridge in a direction opposite to a direction of a force

applied frogmt osi tiqnin ti,Qn surfa .h tridge
toformagad rc]%'e ‘B'ﬁ’ %gﬁj ed&DERO° ﬁo ?lB]’ﬂ"ﬁS §]5 {:‘andto
uni quel y defing, u f.gProj ections of 15 the r ubber pad
sheet 4007, mhig%EErOJec |03§q%%?%§%gbnd to the pads 2011. These
positioning surfacespdifeddribed above, according to the first

embodiment, if conventional closed-loop temperature

5 control by the temperature sensor incorporated in the
recording head is not performed, a means for measuring
an ambient temperature is atranged in a recording
apparatus main body such as a printer, and a control
software program utilizing heating/cooling thermal

10 <characteristics uniquely determined by a heat capacity
of the recording head itself is employed, so that the
temperature of the recording head can be controlled to
a desired temperature.

In particular, when the disposable cartridge type

15 recording head is used, a signal current from the
temperature sensor of the recording head need not be
detected. Thus, a variation in print performance among
heads, as a major drawback of temperature control posed
when the disposable type is employed, can be

20 ©liminated. Thus, a variation in print performance
among heads can be eliminated, and uniform print
quality can be obtained. Furthermore, since the
temperature sensor can be omitted from the cartridge of
the recording head as an expendable supply, a

55 temperature sensor selection process, or a temperature
sensor adjustment process so far can be omitted to

greatly reduce cost. In addition, since the



contact with the surface of the wiring circuit board 200 when the cartridge
IJCTls fixed at a recording position. In this enbodi nent, since the pads
201" of 20 the wiring circuit board 200 are distributed to be symmetri cal
about the above-nentioned line L[err] 42t he deformati on amounts of the

proj ections of the rubber pad sheet 4007 can be unifornmed to much stabilize
contact pressures of the pads 2011. In this 25 enbodi nent, the pads 201
are distributed in a 2 x 2 matri x. The hook 4001 has an eIongated hole to

be engaged with a statio ft 4009. . The hook 4001 is
pi vot ed counteré%g%?ﬂ?§%F?r(ﬁﬂﬁﬂﬁaﬁq Fﬂgt¥ g en8RitESA b ut|I|Z|ng a

aongt he plat e b fe il SA0Y EanBE bBRERY Shepoindt BR FREHNEF 1 age
reduce cost.
In view of an electrical circuit, a small signal

5 current from the head need not be detected, and a
countermeasure against exposuré of contacts upon
attachment/detachment of the disposable cartridge from
the recording apparatus main body, and an electrostatic
countermeasure for patterns of a flexible wiring and a

10 printed circuit board between the recording apparatus
main body and the recording head can be simplified.

The above features are particularly effective for
a compact or portable recording apparatus which cannot
take a sufficient countermeasure such as a shield on

15 the casing or an electrical circuit. In addition, this
also leads to a considerable cost-down effect.

The second embodiment of the present invention
will be described below with reférence to Figs. 17 to
21 and Tables 3 and 4.

20 In the second embodiment, sufficient temperature
control attained by developing obeﬁ-loop control of the
first embodiment can be performed even in a recording
method such as a bubble-jet method in which heét
generation or radiation occurs upon printing.

25 In the first embodiment, an energy level to be
applied to the recording head for attaining a - -

temperature increase is determined with reference to



IJC with respect to the carriage HC. The hook 4001 rmay be noved in any
othEr patterns, but may be preferably noved by, e.g., a lever. Wen the

hook 4001 is pivoted, the cartridge 1JCis noved toward the platen 10
roller, and the positioning projectioas 2500 and 2600 are noved to
positions where they can be brought into contact with the positioning
surfaces 4010 of the front plate. Wien the hook 4001 is noved to the left,
the 90[err] engagi ng surface 4002 is brought into tight contact 15 with the

90 f ot w 2100 of t tridge 1JC,_and th trid
13015 turhed G SRR, bl SPCgroRGLERRBrOF 8% BTV Bh g cur f acos
2500 and 4010 i ' | h t Lnal | ds 201
and 2011 begi n CAESFARe AR BrIRE, Elpk End oG b nt R Ying BEPTLE Fook

4001 is held atgpp &fé’c%‘ﬂﬁ;i-x | BedaPRalEbk@nshk- gresén‘t:iﬁfgﬂté %&é@{bna

conpl ete contact state be en the pads 201 and 2011, | ete surface
contact state Hel wRRFrtldde ReSithhentBApsvhtareScerbPodNdafOBE, réaligedur f ace

contact state 25 between the 90[err] engagi ng surface 4002 and the 90[err]
5 by open-loop control by using only an adjusted
temperature sensor of a main body.

In a printer for mainly printing characters, since
a print rate of a character itself is low, an average
print rate is about several % to 30%. Therefore, a

10 temperature can be sufficiently anticipated by
open-loop temperature control on the basis of data
anticipated by the main body according to operation
control parameters such as a print time and a non-print
time which can be easily measured by the printer like

15 in the first embodiment, and a temperature control -
energy supply amount can be adjusted.

However, in a printer for mainly printing graphic
data at high speed, since an average print rate is
largely changed between several % to 100%, an over heat

20 state tends to occur, as shown in Fig. 16, by only
operation control parameters such as a print time and a
non-print time when .a temperature control energy and a
heat generation energy caused by a discharge operation
at a high print rate overlap each other. For this

25 reason, irregular discharge problems such as a
non-discharge state, splash, a fixing error caused by

an excessive discharge amount, density nonuniformity,



surface of the paw, and a surface contact state between the wring circuit

board 200 and the - 29- 1 posi tioning surfaces 4007 and 4008 are
si frul t aneously fornmed, thus conpleting holding of the cartridge 1JC with
respect to the carriage HC. (iv) Appakagtus Miin Body 5 Fig. 6is a

schemati c perspective view of the ink-jet recording apparatus nmain body
| JRA on which the above-nentioned cartridge is nounted. The carriage HC
which is engaged with a spiral groove 5004 of a | ead screw 5005 rotated

t hrough driving forge transm ssion 10 gears 5011 and 5009 in cqoperation
with a forvar d/g‘ir"&é:ﬁ‘é*e EF8nPefFed s drNG| AgIRRRRIC RBNLREL ”g}lré)h (ridt
shown), and is rechr%pgllé nnvsd bn directions_of, arrows a and b. A sheet
pressing pl at e BOOF 5 edSe82¥ s READ BRAMhsTUEHELH I REEHSDI | er 5000

unsatisfactory.
In order to prevent an overhead state caused by a .-
5 high print rate, a thermal equilibrated temperature may
be set to be lower than that of a character printer
under an assumption of a high average print rate. At
this time, when a print pattern having a low print rate
is to be printed, since a self temperature increase is
10 small in the above-mentioned open-loop temperature
control during printing, the actual temperature of the
recording head is shifted to a lower temperature, and
low density or density nonuniformity occurs. Thus,
only an unsatisfactory print result is obtained by a
15 high-speed graphic printer.

During a print operation of a graphic pattern
having a high print rate, when a temperature at the end
of the first page becomes very high, and in particular,
when the print operation of the page is completed

20 Iimmediately before the temperature reaches an over heat
temperature, a cooling operatibn requires more time
than that at an assumed average print rate. For this
reason, in the open-loop temperature control béfore
printing, a temperature increase energy excessively

25 larger than that required for the next print operation
may be undesirably supplied.

Open-loop temperature control according to the



15 along the carriage noving direction. Photocouplers 5007 and 5008 serve
as(hone position detection neans for detecting the presence of a |l ever 5006
of ‘the carriage HC in a corresponding region to switch, e.g., a rotational
direction of the nmotor 5013. A nenber ¢80- 5016 supports a cap nenber 5022
for capping the front surface of the recording head. A suction neans 5015
draws the interior of this cap nenber by vacuum suction, i.e., perforns a
suction/recovery operation of the recording head t hrough an opening 5023 in
the cap 25 nber . cl eanji,ng bl ade 5017 and_a nenber ;5019 ffr al l owi ng the
bl ade 5017 tﬁ?qﬂﬁaaﬁﬁg°pﬁ RE Wik  BRgProfELY ofrecriBRIaPeItpported on a
mai n body - 30 -&éhthsup o[t Elate 5018. Tge bl ade,is,not limted to
that of this enbodi féhtt 15, ErbogiBaRt | EaRPREAEPERSARGEEE SBRFREIPED ¢ hi s
embodi ment,  as BB %ExdohugrgﬂrqSSriﬁting are performed like in the
first embodiment. At this time, according to a
5 characteristic feature of this embodiment, a
temperature of the recording head is anticipated upon
completion of the previous print operation, and a
temperature control power before printing is corrected
on the basis of the anticipated temperature.
10 Furthermore, according to another characteristic
feature of this embodiment, a print rate is obtained
every second, and a temperature control power during
printing is corrected on the basis of an average print
rate. When the above-mentioned power correction
15 operations are performed, open-loop temperature control
can be appropriately performed in a graphic printer
which must print a pattern having a high print rate.
Tables 3 to 5 respectively show temperature
control data tables before and during printing, and a
20 Pprint rate correction control parameter data table.

Tables 3 and 4 correspond to Tables 1 and 2 of the

first embodiment, respectively.

25



| ever 5021 is used to start the suction/recovery 5 operation, and is
nnéed upon novenent of a cam 5020 which is engaged with the carriage HC
The | ever 5021 is subjected to novenent control by a known transm ssion
means such as a clutch for switching #driving force fromthe driving
notor. 10 These cappi ng, cleaning, and suction/recovery operations
can be perforned at their correspondi ng positions upon operation of the
| ead screw 5005 when the carriage HC reaches the hone position region.
However, agy O?ﬂéﬁlerr%anﬁ‘eﬁ?)érQEuﬁ@pécb&QréP Bt TabidmteEndiong as
desired operations are pertforned at known tim ngs. The respective
arrangenment s dgseri-bed-above are-excellent | pti-ons—not—ponrty—sol el y but
al so systemati dal | y Ambirsht aTemppratioce [25Pe dnés t gpl ) ¥7The PIBéGert
g

invention. 20 |u.ie sIhE EgSENt inv&{’li‘ig;leofrr §hic e Sapp ﬂ‘;gg?{to t he

arrangenments shown in Figs 2 to 6 e desdri bedlhel ow r ef erence
to Fig. 1, Fig.l U oran2d sebsequare dy awsnds. 402 60% 80z | 100Z
5 60 to 120 sec 02 102 402 602 802
30 to 60 sec 0z 02 202 402 602
15 to 30 sec 0z oz 0z 207 402
15 sec or less 0z 0z 0z 02 0z

Table 4 Temperature Control Data Table During Printing

10 Ambient Temperature|25°C 25 21 17 i3ecC
or to to to or
Higher| 21°C | 17°C | 13°C |higher

Initial Operation
Amount Py oy, of 0z 607 807 907 | 1001
Temperature Control
During Printing

Table 5 Duty Correction Data Table

15
Duty 0X or 6.252 12.52 252 502
more or or or or
more more more more
Correction 1002 87.5% 752 502 0z
Coefficient

Fig. 17 shows a change in actual temperature of
20 the recording head with respect to an ambient
temperature and a target temperature when only
temperature control during printing (without
correction) is performed. Note that a change in
temperature of the recordiné head obtained when only
25 the temperature control before printing (without
correction) is performed is the same as that shown in

Fig. 10, and is omitted. Fig. 18 similariy shows a



Figs. 1, 7, and 15, and Tables 1 and 2 show the 25 first enbodi nent of the
present invention. In Fig. 1, a recording head 2 (1JH) is coupled to an ink
tafk 1 (IT). As shown in Fig. 7, the ink tank 1 and the - 31 -1
recording head 2 forman integrated_djsposable cartridge. A carriage 3 (HQ)
Is used to nount the cartridge on the printer main body. A guide 4 scans
the carriage in a sub-scanning direction. Aflexible 5 cable 6 supplies a
driving signal pulse current and a head tenperature control current to the
recording head 2. A printed circuit board 7 conprises an electrical circuit
for controlll'i nFham@eydinntempenasureopfgtheasasesding erdnvher@RERdt ure in
the printer. Fig. 7 10 shows the disposabl e gartridge. Iqﬁii . [/, a nozzle
portion 7 disc demperafugs oatrplorgrakiaRs i ReieEe 2 URERE 2 in

detail. The printing (without correction) are performed.

Fig. 19A shows a change in print rate, Fig. 19B

5 shows a change in temperature of the recording head in
correspondehce with a change in print rate shown in
Fig. 19A when the temperature control operations before
and during printing according to the second embodiment
of the present invention are performed, and Fig. 19C

10 Shows a change in operation amount of a temperature
control energy.

A thermal equilibrated temperature shown in
Figs. 17 and 18 is set to be higher than those shown in
Figs. 11 and 12. The first embodiment takes self

15 heating of the recording head into consideration when
the thermal equilibrated temperature is set. 1In this
embodiment, however, since a self heating portion is
corrected in the temperature control during printing,
the self heating portion need not be taken into

5o consideration.when the thermal equilibrated temperature
is set.

For this reason, an energy supply amount of the
temperature control during printing according to this
embodiment is slightly larger than that in the first

55 embodiment.

Temperature control according to the second

embodiment of the present invention will be described



heater board 100 forned by a sem conductor manufacturing process is
arranged on the upper surface 15 of the support nenber 300. The heater
boar(d 100 conprises a tenperature control heater (tenperature increase
heater) 10 for keeping and controllipgsghe tenperature of the recording
head 2. The wiring circuit board 200 is arranged on -the support nenber 20
300. The wiring circuit board 200, the tenperature control heater 10, and
a discharge heater 13 are electrically connected by, e.g., wre-bonding
(wirings arﬁ nog ihomn). The tenperature control heater 10 may be forned by
adhering a heat 8PLR¥NWeEL RRfeRengef e nkle 2Blow rhagk shosa dif ferent from
that for the hegﬁer Bgard 100, to e.%h, t he, support nmenber 300, as shown
39-.29. Note shghip| €hande sin GORRPIAHF &R ThE of the

in Fig. 9. -
recording head by this temperature control corresponds
to Fig. 19.
5 When the power switch is turned on, a wait time

counter, a print time counter, a print pulse counter, a
correction coefficient memory, and the like are reset
to "0" (step S201) to initialize control parameters.
The control then waits until a print signal is input

10 (step S202).

When the print signal is input, an ambient
temperature T obtained by the temperature sensor 8 on
the printed circuit board 7 of the main body is read
(step S203). An anticipated temperature Tprnr UPOR

15 completion of the previous print operation (to be
described in detail later) is then read (step S204). A
wait time tw is then read from the wait time counter.
At this time, the counter is reset to "0" as described
above. The temperature control data tables before-and

20 during printing (Tables 3 and 4) are referred to on the
basis of the wait time tw and the ambient temperature
(step S205). At this time, since there is no
temperature increase caused by the print operation and
an ambient temperature is the same as the room

25 temperature, output data as a determination value of
the temperature control power P table before

preo

printing becomes one of 0 to 100% according to the



di scharge heater 13. The bubble 14 is then discharged as an ink droplet 15.
A common i nk chanmber 12 supplies an ink to be discharged into the recording
head. 5 Qpen-| oop tenperature control according to the first

enbodi ment will be briefly described Qglaw. In this enbodinent, in order to
control the tenperature of the recording head to a target tenperature
determ ned by concerning di scharge 10 characteristics, e.g., a print
density, tenperature control before printing and tenperature control during

printing are perfarned., In the tenperature control before printing, a
heating anbunt %ﬂbﬁéﬁit?ﬁﬂ&%?gFHFE'CBnggPshQaﬂéF99§ Hé%BFnEh@H BROERe basis

of a | apse of P r.omthe previ,ous pri.nting operatjion. (wait tinme and
non- pri nt tine%ﬁg%ggFﬁil%ré%%ﬁ?ggﬁﬂggﬂfetgﬁﬁérﬁgﬁ?g,wﬁﬁh Eéé??nésF§p
performed i medRfegly before printing. In the tenperature control during
printing, the heati'ng amount is determined on the basis 20 of the |apse of
time fromthe previ gus thil Bas2d BRCERL50BuRPt! 85t €3°LlnAoP: e

t enperature, and

5 control operation amount P e before printing = P b4

pr
f(Tpryy) is calculated (step $207). The function £ has

preo

a negative correlation with the anticipated temperature
Tpyyy upon completion of the previous print operation.
The temperature control heater 10 shown in FPig. 7 is

10 heated on the basis of the calculated operation amount
Ppre' and the temperatures of the nozzle portion 9 and
the common ink chamber 12 of the recording head 2 are
increased (step S208). In this embodiment, an
energization time is prolonged as a temperature becomes

is lower. After completion of energization, a print start
timing is waited for about 1 sec to disperse an abrupt
temperature distribution formed in the recording head.
At that time; the wait time counter is reset (step
S209), and the print time counter is started (step

20 S210).

Temperature control conditions of the initial
operation amount Py ingo during printing obtained in
step S206 are then corrected according to the content
of the print signal. The temperature control

25 conditions are corrected according to the length of one
sub-scanning line. Like in steps S114 and S115

(Fig. 15) in the first embodiment, a power correction -



heating is performed during printing. "During printing" neans not only an

I nsf.ance when printing is actually perfornmed (a heating period of a print

25 theater), but also a series of operation periods for perform ng printing,
e.g., an acceleration or decel erati enSgeri od of the carriage, and a reverse
- 33-1 period in a bidirectional print node. Table 1 Tenperature

Control Data Table Before Printing Anbient Tenperature 25[err]C 25 21
17 13[err] C or to to or vait Ti me hi gher
21[err] C 17[ery 13 err]C | or 120 s or _no 0% 40%
Gobe " bo% LhookSEEictelt I 0 Wi cpiying, &' epepethion cBBEELcitRR a0 (o

8004 0% 20% pﬁ%sf?’f?"s“eacl g%ﬁljaes%%" 0?0%%1%&8&%88&@ aggEnt 13, 0/020%

the full width of the carriage is calculated (step
S211).

5 Discharge pulses for one second (number of print
dots) of the next print content to be printed are
counted to calculate an average print rate (print duty)
{step S§212).

Power correction coefficients P; and P, are

10 calculated on the basis of the average print rate for
every second (step S213). In this case, the power
correction coefficient Py is a low-response correction
coefficient, and is based on an average of average
print rates for every seconds during previous 100

15 seconds. The power correction coefficient P, is a
high-response correction coefficient, and is based on
an average of average print rates for every seconds
during previous 10 seconds. These correction
coefficients P; and P, can be obtained by referring to

20 the data table (Table 5) on the basis of the average
print rate.

A temperature control operation amount PrINE
during printing is calculated on the basis of the
obtained data.

25 In this embodiment, Pyiyg = Prynpo X P; X P x L
(step S214).

As described above, PrrNgo Yrepresents the



Table 2 Tenperature Control Data Table During Printing 10 Anmbi ent

Tenperature 25[err]C 25 21 17 13[err] C or to - to to or
Pri{nt Tine hi gher 21[err]C 17[err]C 13[err]C higher 0 to 60
sec 0% 60% 80% 90% 5100% 60 to 360 sec 0% 30%
40% 45% 50% 360 sec or nore 0% 20% 30% "35% 40% 15

Tables 1 and 2 show control paraneter data tables used when the tenperature
control operations before and during printing are perforned, and these

tables are Stortf‘egnrgd&ag:o conkssoﬁaiﬁimg#303%%292f%?fgﬂasx%@naa_rfﬂgg' tyhiofs a

naxinun1en§rgy, ¢ represents sup 0 eneérgy

enbodi nent, an H3Re{igy, ,ura%yt?.@tsescg'téﬁ)titegt {:ﬁékfﬁcﬁ&ﬁerﬂiﬂg bRe ®Pased

energi zation time (hedating pulse wdth) e tenperature control heater
In the tenperatgf &HedHar@ial fﬁb@iﬂ%'&hbﬂﬁt.a TR! BYPr88€i8hzation tine Is
e

set to be about 6 sec, and 25 int tenperature control during printing,
it is set to becdFiilcibit TBCaorhalezbhatot AereNged¥etwOhY0 to 1 (0%
5 to 100%). As can be apparent from the above equation,
when the low- or high-response average print rate is
high, and its correction coefficient Py or P, is small,
the temperature control operation amount Py ryg during
printing becomes small. Therefore, an over heat state
10 by the temperature control during printing can be
prevented.

For this reason, a program for correcting a
parameter to supply an energy 1/10 the original
operation amount Py ing during printing to the recording

15 head 2 per one-line feed operation is employed (step
5216).

The temperature control heater 10 is energized on
the basis of these corrected data (step S217) to print
one line (step S218). The wait time counter is then

20 Started (step S219), and the anticipated temperature
Tpynyy UPON completion of printing is stored (step
S220). The anticipated temperature TpInT UPON
completion of printing is calculated by the following
equation based on a parameter of the power correction

25 coefficient P; (low response):

Tpiny = Target Temperature x k(0.3 + Py)

(where k is an appropriate coefficient)



anount may be controlled by an energi zation voltage in - 34- 1 pl ace
of ghe energization tinme, or may be controlled by both the energization
ti and voltage. In either of the tenperature control operations before
and during printing, as an anbi ent tefBerature 5 is |lower, the energy
supply ampbunt is increased to increase a tenperature increase anmount, so
that the head tenperature is closer to the target tenperature. In the
tenperature control before printing, since it can be considered that the

recordi ng pead radi g} 10 at. as wai t _tj i nger he energy
supply anount is set}ﬁﬁlggﬁﬁarg§q§o<cgdngiﬂé heggg?%ﬁpééggﬁF%téﬂgaﬁ%roach
the target temgasalung LOrdsiaeg MenRRG, 16P-L0ERLASDGkUEE cONt rol
during printing, since it can be consi ereé t hat e t:%perature of the
head is 15 i ncrenatstilich codfalciantuBkEaEESN02F, AtRLé Nhedhd®ehdt a

print operation at a high print rate continues for a

5 long period of time, and there is a high possibility
that the head temperature exceeds the target
temperature. For this reason, an error of the

temperature contrcl power P before printing

preo
calculated based on the wait time at the beginning of
10 the next print operation can be prevented.

When the print operation continues, the control
operations shown in Fig. 20 are repeated. 1In this
case, since the value of the wait time counter is not
so incremented, an output of 0% is obtained at any

15 ambient temperature, and temperature control before
printing can be prevented from being performed for each
line. When the print operation is completed (step
5221), the print time counter is reset (step $222), and
the control operations shown in.Fig. 20 are repeated

20 Wwhen the next print signal is input.

In this embodiment, the wait time counter also
counts up to 120 sec, and when it exceeds 120 sec, the
counter is reset to 0 under the assumption that the
temperature is returned to the ambient temperature.

25 Fig. 21 is a block diagram showing a control
arrangement for executing temperature control according

to the second embodiment. This arrangement can be



| onger, the energy supply anmount is set to be small. Wen the tenperature
control is perforned as descri bed above, the tenperature of the recording
head can be controlled to the target tenperature w thout 20 using
conventional closed-loop control. This3tenperature control wll be
described in detail below Fig. 10 shows a change in actual tenperature
(T[err]) of the recording head with respect to an anbi ent tenperature (TA)
and a target tenperature (T[err]) when 25 only the tenperature contro

oo Do RphTiBETEOTRE LR Rpahfplarly shovs 2 chamoe n
Cenperature of {he TRoRbi ot heddTuREn 2ot AORHES (2rrairEet deifrafes
operations befargomfidndUsiglal’ i Bt pPIne" §ifRE] OT4%E the like. A
counter 21 serves as a counting means consisting of the
5 wait time counter, the print time counter, the print
pulse counter, and the like. A sensor 8 serves as a
temperature measurement means for measuring an ambient
temperature. A head driving means 25 drives the
- recording head 2, and heats the head to increase its
10 temperature. A control unit 22 as a temperature
. control means controls the print operation of a normal
ink-jet recording apparatus according to a program
stored in the ROM (read-only memory) 24. The control
unit 22 adjusts a temperature control energy for
15 attaining a temperature increase applied to the
recording head 2 by the head driving means 25 on the
basis of the measurement results of the sensor 23 and
-the counter 21.
In this embodiment, both the temperature control
20 operations during and before printing are performed
using both the print time counter and the wait
(non-print) time counter. However, as for a printer
exclusively used for cut sheets or a recording
apparatus having a long non-print time, only the print
25 time counter may be employed to execute only the
temperature control during printing.

In place of meaéuring the print time, the number



5 Fig. 13 shows a change in tenperature of the recording head caused
by(printing itself (self tenperature increase) when only printing is

pertf ormed without the tenperature control. Fig. 14 shows a change in
tenperature of the 10 recording headswhen printing is performed with the
tenperature control operations before and during printing. The tenperature
(T[err]) of the recording head is switched at positions of 60 sec and 360
sec since the 15 data in the tenperature control data table during

P o, BN P TSR b BRGETEb L Rt
whi b I d
LoTber et un e, uhlufel e R Bl otakeseieoly giting pRrmegel e

control energy on a t capacity and is

determ ned by 084 Bc@loMey ids GHY Gorl 2 3inkhe Ther Bebragei khbeahad
tenperature is set to be slightly Iower than the target ténperature, so
that the sum ofbe calculated by other averaging methods, e.g.,
5 weighting.
A low-response print rate may be calculated as an
average of average print rates for every 10 seconds
during previous 100 seconds. In this embodiment, a
common correction data table (Table 5) is used for low-
10 @and high-response data, but different tables may be
prepared.

The temperature contrgl operation amount Ppre
before printing may be corrected using the correction
coefficients P; and P, in place of using the function

15 #(TpIng)-

According to the second embodiment as described
above, since a temperature control power is controlled
according to a print rate, high-precision temperature
control can be attained in a graphic printer having a

20 large change in print rate in addition to the effeéts
of the first embodiment.

Since a temperature control power is controlled on
the basis of low- and high-response print rates, the
control can cope with both slow and abrupt changes in

25 Print rate.

In the second embodiment, the temperature control

power is controlled on the basis of the low- and



25 the thermal equilibrated tenperature and a tenperature increase (self
tenperature increase) caused by self heating of the recording head shown in
Fi 13 - 36 -1 corresponds to the target tenperature. The
t.enperature control according to the fisrst enbodi ment of the present

i nvention wll be described below wth reference to the flow chart shown in
5 Fig. 15. Note that a change in tenperature of the recordi ng head
caused by this tenperature control corresponds to Fig. 14. \Wen the power
swtch is ur ng( time counter and a print tinme counter are reset

to zero to 10 |ﬁ gﬁ%#ﬁ?nFﬁéPEBHFr6Pt§§PaP§FeW§Y|HesF%BtE&bledlﬂngtﬁﬁ 5102,
fgguf?ngaognblﬂﬁ%é@“ﬂaré%é% AU SED %he&%o&EQUt nl8§ e L NS BoL 0L SL naI s
rate may be calculated to control the temperature

control power on the basis of the low-, middle-, and

5 high-response print rates.

The third embodiment of the present invention will
be described below with reference to Figs. 22 to 26 and
Table 6.

In the third embodiment, high-precision

10 ‘temperature control can be performed even when a
position of a recording head is physically separated
from a position of a temperature sensor for measuring
an ambient temperature.

In the first embodiment of the present invention

15 described previously, the temperature sensor for
measuring an ambient temperature is arranged not on a
recording head unit but on an apparatus main body on
which the recording head unit is mounted, and an
anticipated control method is adopted wherein a

20 temperature of the recording head is anticipated on the
basis of a thermal time constant determined based on a
heat capacity of the recording head, a print time, and
a non-print time to control a temperature control
amount.

25 According to this method, since the recording head
does not have a temperature sensor, cost of the

recording head as an expendable supply can be greatly



tenperature is read fromthe tenperature sensor 8 on 15 the printed circuit
board 7 of the main body in step S103. In step S104, a wait tinme of the
wai't time counter is read. However, the wait time counter is reset to "0"
as descri bed above i medi ately aftep pewer -on. In step Sl 05, the
tenperature control data 20 table before printing (Table 1) is referred to
on the basis of the anbient tenperature and the wait tine of the wait tine
counter. Inmediately after pomer-on since there is no tenperature increase

due t t di ' | to the 25
rggm ?elronr):a:lalt E%e &J}% ?i'rs%trheason ﬁ%orsu%:gﬁﬁggﬁﬁhigeg%gg}%f O0% t60
100% accordi ng xﬁéaslté“%“uﬁma 19! r%t H i% o@ﬁﬂléschil%gf{lg{ehfﬁ &ﬁ?
obtained in - orresp fdénce i ot her wai n step

S106, the t_errpeaeé l&fé?:&‘?ﬁtr{gmhé&%ata?ﬁ B3 9ARWRahR Eig- 1§té§rated.
) In the first embodiment, however, since the

5 position of the recording head is physically separated
from the position of the temperature sensor for
measuring an ambient temperature, a temperature
detected by the temperature sensor cannot often
indicate a correct temperature at the position of the

10 Trecording head. When a power supply cif&uit is
incorporated in the apparatus, a temperature in the
machine is increased due to heat generated by the power
supply circuit. 1In this case, an increase in
temperature in the machine varies depending on

15 Ppositions in the machine. Since the temperature sensor
and the recording head have quite different orders of
thermal time constant, even if the ambient temperature - -
sensor and the recording head have the same temperature
in the machine, a small error occurs between the

20 ‘temperature at the position of the recording head and
the ambient temperature of the ambient temperature
sensor before a lapse of a given time after power-on
although these temperatures are finally equal to each
other after the lapse of the given time. For this

25 reason, in the first embodiment, a temperature control
parameter for anticipated control is often determined

on the basis of the temperature data including an
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heated on the basis of this output data to increase the tenperature of the
nozzl e portion 9 and the conmmon ink 5 chanber 12. In this enbodi nent, as
thd ambi ent tenperature is lower, the table output is increased to increase
a tenperature increase anount. Upon_cgnplLetion of energization, the start
of printing nmay be waited for about 1 sec to disperse an 10 abrupt
tenperature distribution formed in the recording head. At that tine, the
wait time counter is reset (step S107). In step S108, the print tine
counter i%_started to print the first line_ (step S109). 15

Thereafter’ inSE&F -s1fyen id Shenidenkdcat eppapatws andgeth@unter is read.

0L S o R SRR b taLE 3Bk LI BLaLLDg (g0 2
R i o S T
reason, the table O%kEMng%ﬁo%EEPQQStHLeog%LEr&P02@885&&&%r@btéhe
5 third embodiment will be described below. In this
control, a temperature control parameter determined by .-
parameters such as an ambient temperature, a print
time, a non-print time, and the like is corrected
according to an energization time of the apparatus main
10 body or components in the machine which generate heat,
so that a local difference in temperature increase in
the machine, or an error in an anticipated -temperature
of the recording head caused by a time difference due
to a difference in thermal time constant are corrected,
15 thus attaining precise temperature control.
Fig. 22 shows a temperature increase in the
machine near the temperature sensor for measuring an -
ambient temperature, and an actual temperature of the
recording head at that time. Fig. 22 exemplifies data
20 Wwhen a heat generation portion is separated from the
recording head unit, and the recording head unit does
not suffer from a temperature increase in the machine.
Fig. 23 shows an ambient temperature near the
temperature sensor for measuring the ambient
25 temperature, and an actual temperature of the recording
heat at that time. Fig. 23 exemplifies data when the

recording head unit suffers from a temperature increase

Ni
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the anmbi ent tenperature, and is |arger than those obtained in

correspondence with other count values. 25 Tenperature contr ol
cofidi tions of the data are corrected according to the content of the print
signal . Wien a line feed (LF) signal kg Lnput, correction is -38- 1

perfornmed (steps S112 and S113). Since the line feed operation has no
tenperature increase due to printing itself, if the LF signals are
successively input, the tenperature of the recording head is inmediately 5
" decreased if no tenperature control is perfornmed. Since a tinme required for
the |ine fked dFeltds achdngery short, an energy supply ampunt per unit
time becomes too large unless the outgut data is corrected. For this
reason, according t&Ots $hatpbasiendata o apebamgen fvraeeradcting a

araneter to s |y an ener /10 original output data to the recordin
Eead per lgg%ﬁérature o%yt e recording headpwith respect to the J

ambient temperature and the target temperature obtained
5 when only the temperature control before printing is
performed in a state wherein there is no temperature
increase in the machine near the recording head is the
same as that shown in Fig. 10, basic data similarly
obtained when only the temperature control during
10 Printing is performed is the same as that shown in
Fig. 11, and basic data obtained when the temperature
control operations before and during printing are
performed is the same as that shown in Fig. 12. 1In
addition, a change in temperature of the recording head
15 ©obtained when only printing is performed without
temperature control is the same as that shown in
Fig. 13. )
Table 6 shows a correction table of a temperature
increase in the machine in correspondence with Fig. 22.
20 Note that abave Tables 3 and 2 are used as temperature

control data tables before and during printing.

25
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one-line feed operation is enployed. The tenperature control conditions are
then corrected on the basis of a length of one nain scanning 15 |ine
(steps S114 and S115). In this enbodi nent, the tenperature control heater
10 is energized during carriage accel B9ati on periods on two sides outside a
print range. For this reason, when a carriage noving amount is small, an
energy supply anount per unit tine 20 becones too |arge. Wen the
carriage nmounting anmount does not correspond to a full width, a problemfor
mul tiplying a Cckion Leien o} | O | novi ng
anount cor espggé:i%gkto Fﬁgg%ﬁbg\n é?ﬁgwa%i%hgg%a#%‘ eg?&lué@errpl oyed. 25
The tenperature control hgal-g8Lsd05},SugRRERLZEd on the basis of these
corrected data to performtenperature control during printing (step S116),
and -39 -

Correction Timer for 0 to 2 to S to 15 to 30
. Temperature Increase 2 5 15 30 min or
in Machine min min min min more
s Correction Value 0°C -2°C -4°C -6°C ~-7°C

Temperature control according to the third .-
embodiment of the present invention will be described
below with reference to the flow chart shown in
Fig. 24. Note that a change in temperature of the’

10 recording head caused by this temperature control is
the same as that shown in Fig. 14. '

When the power switch is turned on, a wait time
counter, and a print time counter are reset to "0", and
a correction timer for a temperature increase in the

15 machine is started (step S301). 1In step 8302, the
control waits until a print signal is input.

When the print signal is input, the print time -
counter is started (step S303), and an ambient
temperature is read from the temperature sensor 8 on

20 the printed circuit 7 of the main body in step S304.
In step S305, the value of the correction timer is
read, and in step S306, the value of the ambient
temperature read in step S304 is corrected on the basis
of the value of the correction timer. The correction
25 value is determined by the correction table for a
temperature increase in the machine shown in Table 6.

The correction table as Table 6 corresponds to
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1 another line is then printed (step S117). Wen the print operation
further continues (step S118), the value of the print tine counter is
refdetitively read. As described above, as the print tine is increased, the
5 output data fromthe table is deggased. Thus, the energy supply
amount i s decreased. Wen the print operation is conpleted, the print tine
counter is reset (step S119), and the wait tinme counter is started (step
S120) to neasure a time until 10 the next print signal is input. Wen the
next print signal is input, the contents of the wait tinme counter and the
ambi ent terdper Xtfe e rEudthestcase 9f0Figwm 2B04datandbiariordr §y | evel
output fromthe tenperature control data table before 15 printing is

det er ni ned agai %“Bgﬁp"’l‘i’f'e”lﬂasti}%e Jenperatage wf tthe recerdingehgadi spit

t enper at ur e. Thgreafter, t he sane contr erations as descri bed above are

|
repeated. In thtsoB it FRRSrathre, Q% %ﬁ% RtetePperasuys £6NET sec,

er]gu\rlrmp?inoint . ﬁgﬁﬁ?ﬁg ey k?ee%.’ngliﬂe 2 theS PR i Bn §58h 0 O under the

5 In step S307, a wait time of the wait time counter
is read. The wait time counter is reset to "0", as
described above, immediately after power-on. In step
5308, the temperature control data table (Tablé 3) is
referred to on the basis of the corrected ambient

10 ‘temperature and the wait time of the wait time counter.
In step S309, the temperature control heater 10 shown
in Fig. 8 is heated on the basis of this output data to
increase the temperatures of the nozzle portion 9 and
the common ink chamber 12 of the recording head. Upon

j5 completion of energization, the wait time counter is
reset (step S310).

In step S311, a print time of the print time
counter is read. The count value of the print time
counfer is not so incremented just after the start of

20 the print operation. 1In step $312, reference output
data is determined with reference to the temperature
control data table during printing (Table 2).

Temperature conditions of this data are corrected

according to the content of the print-signal (steps
25 S313 to S316). These steps are the same as steps S112

to 5115 in Fig. 15, and a detailed description thereof

will be omitted.
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tenperature is returned to the anbient tenperature. In this enbodinent, the
di sposable cartridge type recording head is used. The present invention is
not{ limted to the di sposable cartridge type, but -may be 25 ef fective
when it is applied to a permanent typgihead which does not require exchange
of heads. In this enbodinent, both the print tinme counter -40- 1 and
the wait (non-print) tine counter are used to performboth the tenperature
control operations during and before printing. However, as for a printer
having a sgall print_anmunt such as a printer for an 5 electronic

cal culator, or a pri*&%ﬁtﬁmﬁQEﬁﬁﬁﬁﬁtﬁﬂﬂfnﬂ% fegkgradlels, epATARPERA a
hat caused by STaT S R tegh e oREr CORBn EBPPREF CEE RS countor
may. be errpl‘ oy edgheRedti A8y FHMLHRY (%"f:%lp' E%l?), and one line is
then printed (step S318).
5 The wait time counter is started (step 8319).
When the print operation further continues, the print
time counter is repetitively read in step S311 via step
S320, and as the print time is increased, an energy
supply amount 'is deceased on the basis of the data on
10 the temperature control data table during printing
(Table 2). When the print operation continues, since
the value of the wait time counter is not almost
incremented, an output of 0% is obtained at any ambient
temperature, as shown in Table 3, temperature control
15 Dbefore printing can be prevented from being performed
for each line.

Once the print operation is completed, the print
time counter is reset (step $321), and the wait time
counter measures a time until the next print signal is

20 input.

When the next print signal is input, the valués of
the wait time counter, the ambient temperature, and the
correction table for a temperature increase in the
machine are read (step S304 to S307), an output energy

25 level is similarly determined again on the basis of the
temperature control data table before printing (step

§308), thus repeating the same control operations.
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10 level of the recording apparatus to performpnly the tenperature control
before printing.. As for a printer exclusively used for cut sheets or a
re€ordi ng apparatus having a long non-print time, only the print time
counter may be- enpl oyed to performondy the 15 tenperature control during
printing. In order to determ ne an output energy |level in tenperature
control, a hysteresis of output data obtained before printing nmay be used
in addition to output data obtained by referring to the data table on 20

t he basis,of the count val ues émait time and print time) upon printing.
When a cofrection cdBfEhei ERirefembedimenta @ ipragrase heating & d@bde t he
basis of a carriage noving anount, not only a noving anount of the present
line but also A8 ﬁﬁrﬁﬁﬁ'&ﬂ’t‘g df LRPRETALYT Y RE Ihes genEpre My R3% amy be

e oo oo BEeBRAER 1At e S i e 70 e @
: temperature sensor unit and the recording head unit is
5 adopted. A temperature keeping current for correcting
a temperature difference may be supplied to the
recording head unit under the control of the correction
table to attain the same temperature increase as that
of the ambient temperature sensor unit. With this

10 arrangement, the same effect as described above cah be
obtained.

Alternatively, when a température keeping current
is not corrected based on the correction table, a small
temperature keeping current may be supplied to the

15 recording head unit during an ON period of a power
supply, so that the recording head unit can have
substantially the same temperature increase as that of
the ambient temperature sensor unit. In this case, a )
current which is determined in correspondence with a

20 thermal time constant of temperature increase
characteristics of the recording head depending on a
time from power-on regardless of a software program is
supplied to the recording head. This control is
equivalent to temperature correction in correspondence

25 with a power-ON time. It is difficult more or less to
correct the temperature of the recording head to be

quite the same as the temperature increase of the
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time, the nunber of print lines or the nunber of print

characters may be counted. As described above, according to the first
emfodi ment, if conventional closed-|1oop tenperature 5 control by the
tenperature sensor incorporated in thgsgrecording head is not perforned, a

neans for

measuring an anbient tenperature is arranged in a recording

apparatus mai n body such as a printer, and a control software program
utilizing heating/cooling thermal 10 characteristics uniquely determ ned
by a heat capag%hgeof the recording head itself is enployed, so that the

t enper at ute of

PECHPUPREAHBER EeRSPE THREe othedanperataris ed

tenperature. lp_particular, when {he disposable cartridge type 15 recording
ink B tai apby AR

head i s used,
head need not g

heads,

as a

x

10

15

20

25

grsf @ Lt h’%‘f" REFRYHERIRP orS Gt%ad§%cor di ng
R e PR T I

transmitted from the circuit board, heat generated by

the recording head itself, and the like. However, this
control is satisfactory to correct a temperature
increase in the machine. i

In the above embodiment, heat generation according
to a power-ON time is taken into consideration.
Furthermore, heat generation according to an
energization time of a discharge control driver such as
a transistor or IC for printing may be taken into
consideration. In this case, a read value of a
temperature detected by the sensor unit is corrected on
the basis of a sum of correction data for a temperature
increase in the machine according to an energization
time of the power supply unit and correction data for a
temperature increase in the machiﬁé according to an "=
energization time of, e.g., a transistor for printing.
According to this arrangement, correction can be more
reliably performed.

Of printers which are operated by an AC power
supply, when an AC plug is connected, a main power
supply unit is energized to initialize a control unit,
and the like, and an actual print operation is
performed after a power switch (software power switch)

is turned on to energize the respective units of the
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when the di sposable type is enployed, can be 20 elimnated. Thus, a
variation in print performance anong heads can be elim nated, and uniform
print quality can be obtained. Furthernore, since the tenperature sensor
can be omtted fromthe cartridge of 64e-recordi ng head as an expendabl e
supply, a 25 tenperature sensor selection process, or a tenperature sensor
adj ust nent process so far can be omtted to greatly reduce cost. In
addition, since the - 42 - 1 tenperature sensor itself can be omtted,

a nmanuf act ri”%a&%ﬁ%ﬁd&?” Qg gr§géhx?%n§%3ﬁ§e95é§béur{peIireduce cost. In

vi ew of amm el ectric rcuit, ma “current fromthe head
oo o achmon Rt AL FREME  BOE s BT R s 0T 201
referred to as a hardware power-on time and an
energization time in which the respective units are
5 energized by actually turning on the software power
switch is referred to as a software power-on time, if
these times cause different heat generation amounts, - -
the hardware and software power—oﬁ times are
independently measured, and a sum of correction values
10 from the corresponding correction tables may be
subtracted according to their lapses of time.

Fig. 26 is a view for explaining a femperature
increase in the printer, and its correction operation.
Tables 7 and 8-show temperature coxrrection tables

15 @according to hardware and software power-on times. As
can be seen from Fig. 26, correction temperatures shown
in Tables 7 and 8 are set in correspondence with a
temperature increase in the machine { T of the sensor
temperature), and temperature increase correction can

20 Dbe precisely performed. The software and hardware
power on times are measured up to a maximum of 60

minutes, and when they exceed 60 minutes, values at 60

minutes are held.

25
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the recordi ng apparatus main body, and an el ectrostatic counterneasure for
patterns of a flexible wiring and a 10 printed circuit board between the
recordi ng apparatus nmain body and the recording head can be sinplified. The
above features are particularly_efféc??v@ for a conpact or portable
recordi ng apparatus which cannot take a sufficient counterneasure such as a
shield on 15 the casing or an electrical circuit. In addition, this also

| eads to a consi derabl e cost-down effect. The second enbodi nent of the

pr esent iqyention wi |l be describedqagjievmith reference to Figs. 17 to 21
and Tables 3 and 4. 20 In the second enbodi nent, sufficient :

t enperat ure con ' g—opeh—t-oep—psontrol—ot—the first

embodi ment can d 4Quch agéatggbble-jet
met hod i n whi ch 25

0
| Up@izeti nbihg”
In the first er

B8Rt —ahR—enRery S\LE to t} di ng
head for attairf egt{nemperyturel nd¥°€aske-0i-8°Ggt €% npd -WfE H-Ped°€r ¢nce to

5 Table 8
Software Power-ON 0 2 5 10 30
Time min or| min or} min or| min or| min or
more more more more more

Correction Temperature 0°C |[-1.0°C |-1.5°C |-2.0°C |-2.5°C

Note that correction according to energization

10 times of the transistors and motors may be performed in
addition to the above-mentioned temperature increase
correction.

When software is turned off or a print operation
is completed, a temperature may be subtracted on the
15 pasis of the software power-ON time or a print time.

For example, when the software is turned off in
Fig. 26, a timer for software power-ON (a ti@er for
software power-OFF may be added) is incremented from 0
to measure a software power-OFF time until the software
20 ;g turned on again. A value obtained by subtracting a
correction temperature obtained with reference to Table
8 on the basis of the software power-OFF time frém the
correction temperature when the software is turned off
is set as a final correction temperature. For .example,
25 in Fig. 26, since a correction temperature when the

software is turned off is -2.5°C, if the software is

turned on 10 minutes later, the correction temperature



-43- 1 control data tables on the basis of an anbient tenperature and a
print time and a non-print time of the recording head before the present
print operation is started, so tha[_%ﬁgperature control can be realized 5
by open-1oop control by using only an"adj usted tenperature sensor of a nmin
body. In a printer for mainly printing characters, since a print rate of a
character itself is |low, an average print rate is about several %to 30%
Therefore, a 10 tenperature can be sufficiently anticipated by open-I|oop
t enper at urie copfr eR.0ACt he Halstsacted afrwonanther iqratrmsd:thyont Hrempssna thawy
according to operation control paranmeters such as a print time and a -
non-print tinmeofh-@h588n ardeasiiffemrencs af 0 +37E pid detremminedi®s i n t he
first enbodinment, and a tenperature control energy supply anmount can be
adj ust ed. a final correction temperature.

As described above, according to the third

5 embodiment, if conventional closed-loop temperature
control by a temperature sensor incorporated in the
recording head is not performed, a means for measuring
an ambient temperature is arranged in a recording
apparatus main body such as a printer, and a means for

10 Measuring an energization time of a heat generation
element of the apparatus main body is arranged to
correct a value measured by the means for measuring the
ambient temperature, so that a temperature of the
recording head can be more precisely controlled to a

15 desired temperature by open-loop control than in a
conventional system.

Thermal problems in apparatus design such as the
relative positional relationship among the temperature
sensor, the printed circuit board, and the recording

20 head, ventilations, and the like can be solved,'thus
greatly improving a degree of freedom in apparatus
design.

Furthermore, an ambient temperature is corrected
according to energization times of the apparatus main

55 body and components in the machine which generate heat,

so that a local difference in temperature increase in

the machine, or an error in an anticipated temperature



However, in a printer for mainly printing graphic data at high speed, since
average print rate is largely changed between several %to 100% an over

heét 20 state tends to occur, as shown in Fig. 16, by only operation

control paranmeters such as a print +i& -and a non-print tinme when a

tenperature control energy and a heat generation energy caused by a

di scharge operation at a high print rate overlap each other. For this 25

reason, irregular discharge problens such as a non-di scharge state, splash

a fixing grror oQaHﬁgerEO:@HLEQ(Cﬁééd Véa (i &8 Y O ST £ [BRNIdY due
nonuni formty, and the |li ke are "posed, and a graphic printer

which is reqwtedatalhgageﬁeehmrtmnmlﬁxwe hastiem i sl idfraedded, | N
order to prevent an overhead state caused by a 5 high print rate, a

thermal equil i bhatedtteinengt preci®y temperature control.
x According to the present invention, a detection
5 limit of a temperature sensor to be used is finely set,
€.g., in units of 1 degree or 0.5 degree or less, and a
temperature is corrected according to an energization
time, thus attaining a more stable recording state.

The fourth embodiment of the present invention

10 Wwill be described with reference to Figs. 27 to 29 and
Table 9.

In this embodiment, another correction operation
different from correction (steps S114, S115, S211,
S§315, and S316) using a carriage moving amount and

15 Performed in the first to third embodimen£s in a
temperature increase during printing will be described
below. 1In either embodiment, an energization timing of
a temperature control heater 10 falls within the
acceleration (line-up) intervals at both sides of a

20 Printable range shown in Fig. 27. When the temperature
control time (heater energization time) exceeds the
above acceleration intervals in temperature control
before printing, the heater 10 is energized prior to
the acceleration time. For this reason, an output

25 interval of temperature control pulses for driving the
temperature control heater 10 in temperature control

during printing corresponds to a carriage moving
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be set to be lower than that of a character printer under an assunption of
‘a high average print rate. At this tinme, when a print pattern having a | ow
prfnt rate is to be printed, since a self tenperature increase is 10 snall
in the above-nenti oned open-I oop tegpggalure control during printing, the
actual tenperature of the recording head is shifted to a | ower tenperature,
and | ow density or density nonuniformty occurs. Thus, only an .
unsatisfactory print result is obtained by a 15 high-speed graphic
printer. During a print operation of a graphic pattern having a high print
rate, wherl a tempun&it.ure at the end of the first page becones very high,
and in particular, when the print operation of the page is conpleted 20

i mmedi atel y bef ore Bh&orEppéianurecfiichent aks pfained Qnerthe Rk a
cooling operati-gn requires nore tine than that at an assunmed average print
rate. For thisO%feds8H1SEninkerBpénof obRet EApRATR e AL poarie

printing, .a te rature _increase eper excessiyely 25, 1 arger, than that
required for t%g ERETAABR MGPERSR oﬁg¥reCtl°n pulsé interval

5 correction) in temperature control during printing is
performed. Table 9 shows a data table used for pulse
interval correction. These data are obtained as
correction coefficients as the percentage with respect
to a reference interval (100%) when a period (1.2

10 seconds in this embodiment) required for moving the
carriage throughout the width is defined aé the

reference interval.

Table 9
Pulse 0% or 25% or 50% or 75% or
15 Interval more more more more
Correction
Coefficient 25% 50% 95% 100%

Pulse interval correction will be described with
reference to Fig. 28 showing output timings of the
20 ‘temperature control pulses and Fig. 29 showing a flow
chart of pulse interval correction.
When a temperature control pulse is output in step
S401, an interval between the previous temperature
control pulse and the current temperature control pulse
25 1s measured. In step S403, a temperature control pulse
interval correction table is referred to on the basis

of the measured pulse interval, thereby obtaining a
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may be undesirably supplied. Open-loop tenperature control according to the
-45- 1 second enbodinent will be briefly described below. In this

enbodi nent, tenperature control operations before and during printing are
performed like in the first enbodi nengg At this time, according to a 5
characteristic feature of this enbodi ment, a tenperature of the recording
head is anticipated upon conpletion of the previous print operation, and a
tenperature control power before printing is corrected on the basis of the

antici pated tenperatuce. 10 (thernore, according to another
characteri%ticggﬁﬁ?ﬁgéoﬁfc?ﬁ g*%ﬁ%%ﬁ?né%t?eﬂpﬁﬁqqﬁ¥%%ﬁﬂﬁﬁg?. bt ai ned every

pecond, and = GPUBSLIN ExSORLShrERYSIRAELND AL G Ych B g o0 o [ he
basis of the obtained correction coefficient.

On the other hand, when it is determined in step

5 S401 that the temperature control pulse is not output,
it is determined in step S404 whether 1.2 seconds have
passed after the previous output. If NO in step S404,
the flow returns to step $401. In a normal printing
operation, since the temperature control pulse has a

10 mMaximum of 1.2-second interval, the flow returns to
step S$401.

However, when the next print signal is waited, 1.2
seconds have often passed. In this case, the flow
advances to step S405. It is determined in step S405

15 Wwhether a capping state is set. If YES in step 5405,
no operation is performed, and the flow is ended.
However, if YES in step S405, capping (Fig. 28) is
rerformed in this embodiment when six seconds have
passed upon completion of printing although capping is

29 Performed by a known means. In this case, the six
seconds have passed to prevent a decrease in throughput
occurring when capping is performed upon completion of
printing because capping and uncapping require much
time.

25 If NO in step S405, a temperature control pulse H
is automatically output in step S406 to maintain the

head temperature to the same temperature as in a
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15 operations are perforned, open-loop tenperature control can be
appropriately perforned in a graphic printer which nust print a pattern
hafing a high print rate. Tables 3 to 5 respectively show tenperature
control data tables before and duripg;printing, and a 20 print rate

correction control paraneter data table. Tables 3 and 4 correspond to
Tables 1 and 2 of the first enbodlnent, respectively. 25 -46- 1 Tabl e
3 Tenperature Control Data Table Before Printing Anbient Tenper at ure
25[err]C 25 21 17 13[err] C or to to or Wait Tine
Ti ner 1 hicgredage| éﬁppcstevteerr§@cqs$@m@ M@rmrtpmeqm%c or

nor e 0% Q@b 60% 80@6 100@63 60 to, 120 sec 0%
10% 40% 60%-* §65°39° 8288 BRgsec upon ComBYEEion 9f PHEINGOR  60%

maximum of five temperature control pulses H are
output. The flow then advances tc steps S402.

5 _ In this embodiment, the same correction as in
carriage moving amount correction is performed by
measuring the temperature control pulse interval.

Since the temperature control pulses H are kept output
to maintain the head temperature constant until capping

10 is performed even upon completion of printing,
temperature control having higher precision than that
in a printing restart mode can be performed.

The fifth embodiment of the present invention will
be described with reference to Figs. 30 to 33 and

15 Tables 10 to 12.

This embodiment exemplifies an operation for
protecting the recording head from an over heat state
although the recording head itself generates heat.

In the second embodiment described above, the

20 over heat which tends to occuxr at a high print rate is
prevented by correcting a temperature contrél power in
accordance with a print rate. For example, when a
print rate is 50% or more, as shown in Table 5, the
correction coefficient is set to be 0%, and temperature

55 control is not performed.

However, when a high print rate exceeding 50% is

continued for a long period of time, an over heat state
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15 to 30 sec 0% 0% 0% 20% 40% 15 sec or | ess

0% 0% 0% 0% 0% Table 4 Tenperature Control Data Table During
Pr(nting 10 Anbi ent Tenperature 25[err]C 25 21 17 13[err]C
or to to to or Higher 2i[eir}C 17[err]C 13[err]C higher
Initial Operation Anount P[err] of 0% 60% 80% 90% 100%

Tenperature contro

During Printing Table 5 Duty Correction Data Table 15
Duty C»bor
or nore jnoreg

6.25% 12.5Z 25% 50Z nore or
AN Le ég n 8 5% 0 %%P
096Cbeff|0|ent Flg 7yéﬁg B%g%&%&lﬁya% Q e?§2d %%%{;
recording headad 43 bppReEht! 2rafl i‘HBi&Qt teapsfaiar&&éﬂ @otﬁf&?ént
t enperature when only
over heat, temperature control is not performed.
* However, in this case, an over heat state occurs due to
5 heat generated by the recording head itself.
In this embodiment, the self temperature increase
in the recording head is anticipated on the basis of a
print rate.

When an over heat state is determined by

the anticipated temperature increase and an ambient

10 temperature, printing in both directions is changed to
printing in one direction, thereby preventing over
heat.

Table 10 Sum Data Table
Low-response | 0% or | 12.5% or | 25% or | 40% or | 60% or | 80% or
Duty mre more more nore more more
135 Sum ] 1 20 100 240 500
Max Value - 180 2500 3400 | 11300 | 13000
Table 11 Difference Data Table
Protect 0 or| 150 or{ 1300 or| 5300 or|11000 or
Value more more more more more
20 Difference 1 20 100 240 500
Table 12 Limit Data Table
Anbient 35°C or | 30°C or 25°C% or | 20°C or 15°C or 15°C or
Temperature more fess less less less less
Limit value 100 100 400 2600 8000 16000
25

Tables 10 and 11 are data tables of self

temperature increase control anticipation parameters,
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tenperature control during printing (wthout correction) is perfornmed. Note
thzt a change in tenperature of the recordi ng head obtai ned when only 25

the tenperature control before printing (wthout correction) is perforned
is the sane as that shown in Fig. 10,7and is omtted. Fig. 18 simlarly
shows a - 47 - 1, change in tenperature of the recordi ng head when both
the tenperature control operations before and during printing (wthout
correction) are performed. Fig. 19A shows a change in print rate, Fig. 19B

5 shows chapge dpitenperat ur f recordi head i n correspondence
with a chagge in prﬂilénililer g‘?elgh&mﬁa?ﬁ fi?hgl.'elﬁ %ﬂﬁ TP 4t ure control
operations bef ghfsaddWel: Lt Lhg i t second enbodi ment of
the present invention are %gﬁggéﬁéég %§§E§§8.5$%éﬁ%iéiﬁbms a change in
operation anount of m prefRRtabHife is calculated to anticipate a self

> temperature increase in the recording head during

5 printing. The protect value is obtained by adding a
sum (Table 10) weighted with a low-response print rate
every one-line printing. However, when the protect
value exceeds the MAX value corresponding to the
low-response print rate, the addition is not performed.

10 As shown in Fig. 30, since a practical recording head
has an equilibrated temperature corresponding to a
print duty, a protect value has an upper limit
corresponding to the print rate. Fig. 30 shows a
relationship between the temperature increase in the -

15 recording head and the corresponding protect value when
printing is performed at a predetermined print rate.

When the low-response prinﬁ rate is smaller than

the previous print rate, a difference (Table 11)
weighted by the protect value is subtracted every

20 Printing of one line. 1If the difference is smaller
than zero, no subtraction is performed because the
discharge amount of the recording head is determined
not by the print rate but by the increased temperature
(protect value), as shown in Fig. 31. Fig. 31 shows a

25 temperature increase/decrease in the printing head when
printing is started at the predetermined print rate and

the print rate is decreased during printing. The



N———

control energy. A thermal equilibrated tenperature shown in Figs. 17 and 18
Is set to be higher than those shown in Figs. 11 and 12. The first

enbpodi nent takes self 15 heating of the recording head into consideration
when the thernal equilibrated tenperaj4ire is set. In this enbodi nent,
however, since a self heating portion is corrected in the tenperature
control during printing, the self heating portion need not be taken into 20
consi deration when the thernmal equilibrated tenperature is set. For this .
reason, an energgfsu ply amount of the tenperature control during printing

according to tA-EEERBBARRehR Table| bhiForresrRRnd (iuPRAFACIONS he first 25
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the duty ratio is decreased to any value except for
zero, the corresponding sum is added in correspondence

5 with the given print rate. Therefore, the differences
in Table 11 correspond to those in Fig. 31.

When the calculated protect value exceeds the
corresponding limit value (Table 12), over heat
protection is performed. This protection operation is

10 Pperformed by changing printing in both difections to
printing in one direction. When printing in one
direction is set, the print rate is reduced to 1/2 that
in printing in both directions, thereby preventing over
heat.

15 The low-response print rate is used to calculate
the protect value because the low-response print rate
corresponds to a temperature increase for a long period
of time, i.e., heat storage, and a high-response print
rate corresponds to a local, instantaneocus temperature

20 Aincrease. |

An over heat protection operation of this
embodiment will be described with reference to flow
charts in Figs. 32 and 33.

A wait time counter, a print time counter, and a

25 temperature increase correction timer are set (step
S501) upon power-on operation. The correction timer is

then started (step S502). 1In step S503, a wait time is
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-48- 1 below with reference to the flow chart shown in Fig. 20. Note that
a change in tenperature of the recording head by this tenperature contro
cofresponds to Fig. 19. 5 When the power switch is turned on, a wait
tinme counter, a print time counter, _agarint pul se counter, a correction
coefficient nmenory, and the like are reset to "0" (step S201) to initialize
control paraneters. The control then waits until a print signal is input 10
(step S202). Wien the print signal is input, an anbient tenperature T
obt ai ned by the tenperature sensor 8 on the printed circuit board 7 of the
mai n body ils r &R st dheSEAe cARYNInOEcthgt UélFeﬁ’b@?aFﬂP’é §¥I N. upon 15 .

| et f th t t to, be d bed det
"ater) 1o then T rs%é{t%‘ﬁgp%za%onﬁ%ié%t n87Re EhR, BEERENETERCPPRRP Ehe wai
t t f e gl +Q" d ab .
e, ot = o, Sl I e SR} BEGBhabA £ bEadsaibRgd sbove
later.
5 Operations in steps S505 to S515 are the same as

those (temperature increase correction in the machine
and temperature control before printing) in steps S$302
to 8312 in Fig. 24, and a detailed description thereof
will be omitted.

10 It is determined in step S516 on the basis of a
protect value whether a protect mode is required. If
YES in step S516, printing in both directions is
inhibited in step 8515. If a carriage moving amount is
1/2 or less of the overall width in step S518, the mode

15 1is set in step S519 so that temperature control is not
performed in printing in one direction. The operations
in steps S518 and S519 are anothér series of correction_
operations corresponding to cofrection operations
performed by the carriage moving amount in the first to

20 fourth embodiments.

After the temperature control heater 10 is
enérgized to perform temperature control during
printing in step S§520, printing of one line is
performed in step S521. The wait time counter is

25 sStarted (step S523). When printing is completed (step
5523), the flow returns to step S503.

In the third embodiment shown in Fig. 24, when
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20 during printing (Tables 3 and 4) are referred to on the basis of the
wait time tw and the anbient tenperature (step S205). At this tinme, since
thdre is no tenperature increase caused by the print operation and an
anbient tenperature is the sane as t-hg3com 25 tenperature, output data as
a determ nation value of the tenperature control power Plerr] table before
printing becones one of 0 to 100% according to the - 49 - 1 anbi ent
tenperature, and has a | arger val ue than those obtained in correspondence

LD oLl ot R 6 OBk o 4 SANE Upe REBeRUDHS S5kl
I:(()-rrrFleIl\I;% [ l)fl &@!{ﬁé‘éﬁ{ gsnté%l pat e %enpera )ﬂpgt%el{}ggﬁacg%%?a an of the
previous print &EE6@imé&ft, the wait time timer is reset (steps 5523,
* §503, and S504) when the wait time exceeds 30 seconds.
5 When the wait time falls within 30 seconds, printing is
assumed to be continued. Therefore, the temperature
control power in temperature control during printing is
set to be low.
The details of steps S516 and S517 will be
19 described below with reference to Fig. 33.
It is determined in step S601 whether a wait time
is equal to or more than 120 seconds. If YES in step
S601, the protect value is reset to "0" in step S602.
When printing is not performed for a period of 120
15 seconds or more, the temperature of the recording head
is assumed to be decreased near the ambient
temperature, thereby releasing the protect mode.
In step S603, the number of printing dots for 15
seconds is counted. 1In step S604, an average
20 low-response print duty for past 120 seconds (é times)
is calculated of the number of printing dots counted in
step S§603. In step S605, the sum data table (Table 10)
is referred to on the basis of the low-response print
duty to obtain a sum. This sum is compared with the
25 MAX value and if the protect value does not exceed the

MAX value, the sum is added to the protect value (steps
5606 and S607).



The tenperature control heater 10 shown in Fig. 7 is 10 heated on the basis
of . the cal cul ated operation amount P[err], and the tenperatures of the
ndzzl e portion 9 and the common ink chanber 12 of the recording head 2 are
i ncreased (step S208). In this enbedgent, an energization time is

prol onged as a tenperature becones 15 |ower. After conpletion of

energi zation, a print start timng is waited for about 1 sec to disperse an
abrupt tenperature distribution formed in the recording head. At that tine,

th it ti t . 09 dth i nt [ t i s
started (dtep 20 SHTDICR.ARERA FRERSAE bpucBRaPoRaR.pBin b dErE T ﬁfr 'S
e B8Pt HPE"CBRE: dPCmaP " t

Tt o acooHaTidy fthan ohad ok B30 100 8b0B0LE Brefy MBEy= © L0ON

control 25 conghiidsfin AP e e8oqd assendiBe 1@ threhenats of one
sub-scanning line. Liké in steps S{14 and SI15 (Fig. 15) in the first
enbodi ment, a WEIdLRIYI¥H. OFhat is, in step S609, the difference
5 data table (Table 11) is referred to on the basis of
the protect value to obtain a difference. 1In step
5610, the difference is subtracted from the protect
value. 1In this case, when the protect value is smaller
than zero, it is set to be zero (steps S611 and S612).
10 A.limit.value is obtained with reference to the
limit data table on the basis of the ambient
temperature (step S613). If the protect value does not l
exceed this limit value, printing in both directions is
set (steps 5614 and S615). Therefore, this state is
15 canceled in printing in one direction (to be described
later).
If the protect value exceeds the limit value,
over heat is determined. 1In step S616, printin§ in one
direction is set. In this state, the print duty is set
20 to 1/2 that in printing in both directions, over heat
can be prevented. Furthermore, when the ambient
temperature exceeds 30°C, the wait time is set so that
a period of 1.2 seconds is inserted before printing
{steps S617 and S618). The print duty is decreased to
25 1/3 that in printing in both directions. Even if the
ambient temperature is high, the temperature of the

recording head can be quickly decreased.
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-50- 1 coefficient L for nultiplying a correction coefficient

proportional to a ratio of an actual noving anmount to the full wdth of the
cdrriage is calculated (step S211). 5 Di scharge pul ses for one
second (nunber of print dots) of thegpext print content to be printed are
counted to calculate an average print rate (print duty) (step S212). Power
correction coefficients Plerr] and P[err] are 10 calculated on the basis
of the average print rate for every second (step S213). 1In this case, the
power correction cqefficjent Plerr] onse correction

' I
coef ficiefht, and i SRR “@ht&ntﬁ@eﬁégégoﬁgggégggﬁtprfﬁtdfﬁfﬁéb?gr_eyery -
seconds durlrmhgg4agt¥ﬁ% ég&%:%gggﬁng%gﬁggggﬁggféfggééggé&ggdfg fficient P2

is a high-response ‘corre on anh aver age of

average print yalesd Ynta8pateaC3A9the basis of the print rate, and
over heat of the recording head is detected. When over

5 ~heat of the recording head is determined, printing is
changed from printing in both directions to printing in
one direction to reduce a print speed. An energy
applied to the recording head in unit time can be
reduced to prevent over heat.

10 In addition, the equilibrated temperature
corresponding to the print rate and a discharge amount
caused by a decrease in print rate is taken into - -
consideration, thereby anticipating a temperature
increase in the recording head. Therefore,

15 high-precision protection against a temperature
increase can be achieved.

When the temperature increase state is canceled by
temperature incrgase protection, the mode is restored
to printing in both directions to increase a recording

20 Speed.

In this embodiment, over heat of the recording
head is protected by changing the mode from printing in
both directions to printing in one direction. However,
any method may be employed if an energy applied to the

25 recording head in unit time can be reduced. For
egample, a predetermined wait time may be provided-

prior to printing of the next line, and the pulse width



during previous 10 seconds. These correction coefficients Plerr] and P[err]
be obtained by referring to 20 the data table (Table 5) on the basis of

thé average print rate. A tenperature control operation amount P[err]

during printing is calculated on the bgsiLs of the obtained data. 25

In this enbodinment, Plerr] = Plerr] x Plerr] x Plerr] x L (step S214). As

descri bed above, P[err] represents the 1 tenperature control initial

operation amount during printing, and the correction coefficient L is one

nor mal | 2ed o &5 S dg'é%%ﬁggﬁf‘égtter38%°ér§€ééﬁ&é " s can be_appar ent-
&M gh and its corFeRPEoRSEES FPPLRERFPBPAFLIeE dins T behAtove, |
print time data, wait time data, the energization time
data, and the like are preferably stored or timer
5 operations are preferably continued during the
power-off state due to the following reason. When data
is lost upon a power-off operation, the previous
temperature of the recording head is unknown when the
power switch is turned on again. As a result, proper
10 temperature control cannot be performed.
The sixth embodiment of the present invention will
be described wifh reference to the accompanying -
drawings.
Fig. 34 is a perspective view illustrating an
15 ink-jet recording apparatus which can suitably employ a
temperature control method of the present invention.
The ink-jet recording apparatus is of a serial
scan type in which a head cartridge integrally
including a recording head and an ink tank is mounted
20 on a carriage.moved along a recording medium P such as
a paper sheet or a plastic thin sheet.
This ink-jet recording apparatus includes an ink
tank 1 and a recording head 2.
The recording head 2 is an ink-jet recording head
25 which discharges an ink by utilizing heat energy. The
recording head 2 comprises an electrothermal conversion

element array.



the tenperature control operation amount P[err] during printing becones
smal | . Therefore, an over heat state 10 by the tenperature control during
pri nting can be prevented. For this reason, a programfor correcting a
parameter to supply an energy 1/10_the ariginal operation amount P[err]
during printing to the recording 15 head 2 per one-line feed operation is
enpl oyed (step S216). The tenperature control heater 10 is energized on the
basis of these corrected data (step S217) to print one line (step S218).

Th it ti i.,s.th 20 tart t S219), dth ticipated

e ¢ JL TR oD 20t elal SRR Sp CrnEED ) © P
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el 15 e 4 UMY, LS phergfoagifhodaBy ehre X k(0.3 +
electrothermal conversion element, thereby recording
5 information.

The ink tank 1 and the recording head 2 are
integrally arranged to constitute a disposable
(exchangeable) head cartridge as a whole.

The head cartridge is mounted on a carriage 3, and

10 the carriage 3 is reciprocated in directions indicated
by a double-headed arrow A along guide rails 4 so as to
move along the recording medium P. The recording
medium P is brought into tight contact with a platen
roller S constituting a recording surface and is fed in

15 a direction indicated by an arrow £ upon driving of the
platen roller 5. A flexible cable 6 comprises signal
lines for supplying ink discharge signal pulse currents
and recording head temperature adjustment currents to
the recording head 2 through the carriage 3. A printed

20 circuit board .7 comprises an electrical circuit for
controlling the recording apparatus.

In the illustrated arrangement, a temperature
sensor 8, a head drive constant voltage source power
transistor 18a, an A/D converter 16, a microprocessing

25 unit (MPU) 17, and the like are mounted on the printed
circuit board 7. The power transistor 18a is one of

the components constituting the electrical circuit on
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-52- 1 When (0.3 + Plerr]) [err] 1, T[err] = target tenperature is
set. As a result, when the | owresponse power correction coefficient
eXceeds 0.7, this nmeans that a print operation at a high print rate
continues for a 5 | ong period of -tiffe,~and there is a high possibility
that the head tenperature exceeds the target tenperature. For this reason
an error of the tenperature control power P[err] before printing cal cul ated
based on the wait tine at the beginning of 10 the next print operation can

be prevenLed- m@npff‘ﬁtgéi@irapf{%%ﬂfh CONT I Howehe tTaREE SleopPgRal | ons

shown in Fig. 20 are repeated. In this case, sifice the value of the wait..
time counter i&ofifko$® AACIEKEN £charde WHdHYE]1 Furd%nits teblaiened at any 15

ambi ent tenperature, and tenperature control before printing can be
prevent ed fromrbebopdingrhesdesl. f orheagdmperature sensor 8 comprises a
' temperature sensor consisting of a thermistor for
5 measuring a temperature. The temperature sensor 8 is
mounted in contact with the power transistor 18a. The
A/D converter 16 converts an analog signal from the
temperature sensor 9 to a digital signal. Thg
microprocessing unit (MPU) 17 controls the respective
10 components in the recording apparatus and performs a
processing sequence such as temperature control.

Fig. 35 is a partial perspective view showing a
detailed structure of the recording head 2. Referring
to Fig. 35, an ink path 20 which communicates with each

15 discharge port 25 and a common ink chamber 12 for
supplying an ink to each ink path 20 are formed in a
base plate 24. A discharge heater 13 serving as a
discharge energy generating element for applying
discharge heat energy to an ink in each ink path 20 is

59 arxanged in each igk path 20.

When recording is to be performed, an ink is
filled from the ink tank 1 in the common ink chamber 12
and gach ink path 20 through ink supply pipes (not
shown).

25 An electrical signal (e.g., an image signal) is
applied from the printed circuit board 7 to each

discharge heater 13 through the flexible cable 6. Each



line. When the print operation is conpleted (step S221), the print tine
counter is reset (step S222), and the control operations shown in Fig. 20
ar€ repeated 20 when the next print signal is input. In this enmbodinent,
the wait tinme counter also counts up 8@ 120 sec, and when it exceeds 120
sec, the counter is reset to O under the assunption that the tenperature is

returned to the anbient tenperature. 25 Fig. 21 is a block diagram
showi ng a control arrangenent for executing tenperature control according
to the secgnd e nent I S rrang nent applied to
the first énbo q?1qﬁ%} %3 &sh teq gﬁcﬁnﬁgaﬁtﬁﬁﬁ%ﬁ§£¥ generates a

oS ST ot e SO B, SRR B o
counter, the prgfplets are discharged from each discharge port 25
N located at the downstream of the corresponding
5 discharge heater 13. Each ink droplet is attached to
the recording medium P to perform recording.
Fig. 36 is a graph showing results obtained by
simultaneously measuring temperatures of the base ﬁlate
24 of the recording head 2 and the temperatures of the
10 power transistor 18a when a predetermined pattern is
continuously recorded on eight recording media by the
ink-jet recording apparatus described above.
As shown in Fig. 36, the temperature of the power
transistor 18a is increased with an increase in
15 temperature of the recording head 2. The temperature
of the power transistor 18a as this electronic driving
‘element is read by the temperature sensor 9, and the
temperature of the recording head 2 can be measured.
Fig. 37 is a block diagram of a control system for
20 sSuitably practicing the temperature control method of
the sixth embodiment.
As described above, a certain correlation is
present between the temperatures of the recording head
2 and the temperatures of the power transistor 18a.
25 However, different temperature curves are obtained due
to differences between the heat capacities of the

recording head 2 and the power transistor 18a.



pul se counter, and the |like. A sensor 8 serves as a tenperature nmeasurenent
nmeans for nmeasuring an anbient tenperature. A head driving neans 25 drives
t He recording head 2, and heats the head to increase its 10 tenperature.

A control unit 22 as a tenperature €®BR2rol neans controls the print
operation of a normal ink-jet recording apparatus according to a program
stored in the ROM (read-only nenory) 24. The control unit 22 adjusts a
tenperature control energy for 15 attaining a tenperature increase applied

to the regording hegng%ﬁystPgan@d 9%#‘%% £ s%’,%zg?st It;%l%ﬁ:l%g% el t hg

measurenent results o € sensor 23 unter

embodi ment , bO&ﬂaEhéhéeﬂaaeaéﬁgéﬁf?gtaplt}?@ RS alp OIS Y Ngaand before

printing are performed using e print tine counter and the wait
(non-print) tipecemdst Bqualiov8Vehat a6t fEle arddd g eddi VRl aused for

cut sheets or a recording apparatus having a long non-print tinme, only the
print 25 -tineheatnsg£hknby beupled oyedthe Powstiticrars istidie

5 Alternatively, an arithmetic operation is performed to
correct a temperature of the power transistor 18a by
the MPU 17 so as to uniquely determine the temperature
of the recording head 2 from the temperature of the
power transistor 18a. When the current temperature is

10 lower then a predetermined temperaﬁure, a short pulse
which does not cause formatioﬁ'ofmbubbles and discharge
of an ink is applied to the discharge heater 13 in a
non-recording mode to heat the recording head 2. When
the current temperature exceeds the predetermined

15 temperature, supply of the short pulse to the discharge
héater in the non-recording mode is stopped to adjust
over heat of the recording head 2.

Fig. 38 is a partial perspective view showing a

recording head 2 used for performing temperature

20 control according to the seventh embodiment of the
present invention. Referring to Fig. 38, a temperatﬁre
control heater 10 is arranged to heat the recording
head 2 near the ink path 20 of the recording head 2 in
addition to a discharge heater 13 of each ink path 20.

25 Fig. 39 is a sectional view showing part of a
printed circuit board 7 of this embodiment. Referring

to Fig. 39, a constant voltage source power transistor



tenperature control during printing. In place of nmeasuring the print tine,

t he nunber -54- 1 of print lines or the nunber of print,characters may
be‘counted. An average print rate per second may be cal cul ated as one for
each line. The average rate nmay be cal8ul-ated by ot her averagi ng net hods,
e.g., 5 weighting. Alowresponse print rate may be cal cul ated as an
average of average print rates for every 10 seconds during previous 100
seconds. In this enbodi nent, a common correction data table (Table 5) is

used for |ew I1PgBNELNi @h: ¢ SRPAIRE bR rdtitrdidohetent hteatebeslﬁaxsbe

prepared. The tenperature control operation amount Plerr] before printing.
may be correct esrt@ndigd tdie €10d NG tIE @it BoaxdPi7ein] aaad tRbar kb in

pl ace of u5|ng the function
a recording head driving power transistor 18a.
Temperature sensors 8 are arranged in contact with the
5 power transistors 18a and 18b, respectively.

Fig. 40 is a block diagram of a control system
suitably employing a temperature control method of this
embodiment.

Referring to Fig. 40, power transistors are

10 selected so that each of the heat capacitieé of the
discharge heater drive power transistor 18a and the
temperature control driving power transistor 18b is set
to be 1/2 the heat capacity of the recording head 2.
Alternatively, a heat sink is coupied to each power

15 transistor to set so that a temperature increase in
each power transistor 18a or 18b is doubled from the
temperature increase in the recording head 2.

The temperatures of the power transistors 18a and
18b are measured by_temperature sensors 8, and

20 temperature signals from the sensors 8 are converted
into digital signals by A/D converters 16. The digital
signals are multiplied with each other in the MPU 17,
and the product is additionally multiplied with a
correction coefficient, thereby uniquely determining

25 the temperature of the recording head from the
temperatures of the power transistors 18a and 18b.

An ambient temperature (room temperature) sensor



15 f(T[err]). According to the second enbodi nent as descri bed above, since
a tenperature control power is controlled according to a print rate,
thh-precision tenperature control can be attained in a graphic printer
having a 20 | arge change in print rat® in addition to the effects of the
first enbodiment. Since a tenperature control power is controlled on the
basis of I ow and high-response print rates, the control can cope with both
sl ow and abrupt changes in 25 print rate. In the second enbodi nent, the

e S iSR GHhan 1% Y 1 et

-55- high-response print. _ ntrolled one 6f these
paraneters. FUSLRELPR' §. aftALREH Sl SO TRRdY ittlansal2JFRY 188 Galcul ated to

control the tenperature
18b, thereby correcting the measuring temperatures.

v When the measured temperatures of the two power

5 transistors 18a and 18b are lower than a predetermined
temperature, the temperature control heater 10 is
turned on, and a short pulse which does not cause
formation of bubbles of the ink is applied to it,
thereby heating the recording head 2.

10 When the measured temperatures of the two power
transistors 18a and 18b exceed the predetermined
temperature, at least one of the temperature control
heater 10 is turned off, and supply of a short pulse to
the discharge heater 13 is stopped is performed to

15 prevent over heat of the recording head 2.

Figs. 41A and 41B are partial sectional views of
printed circuit boards 7 for performing temperature
control according to the eighth embodiment of the
present invention.

20 Referring to Fig. 41A, a discharge heater driving
power transistor 18a and a temperature control heater
driving power transistor 18b are in contact with one
temperature sensor 9.

Referring to Fig. 41B, a discharge heater driving

25 Ppower transistor 18a and a temperature control heater
driving power transistor 18b are in contact with a heat

sink 28. 1In addition, a temperature sensor 8 is



control power on the basis of the low, mddle-, and 5 hi gh-response
p&int rates. The third enbodi nent of the present invention wll be

descri bed below with reference to Figs. 22 to 26 and Table 6. In the third
enbodi ment, high-precision 10 tenper@sure control can be perfornmed even
when a position of a recording head is physically separated froma position
of a tenperature sensor for neasuring an anbient tenperature. In the first
enbodi ment of the present invention 15 described previously, the

tenperature segyg' %iygﬂ%%%#&gagtgntﬁgbﬁgg£ éfg%e%ggure I s arranged not on
ody

a recordi ng head uni ut” on an apparatus man on which the. recording

head unit is nount quhealig@%grggmrgi Eggggogqﬂéﬂ%d n&E hogli & Serslopifgh wher ein

a 20 tenperature of the réecording I's anticipated on the basis of a
thermal time coast ¥ gIRlAIFReAshASEdnANsandCatreRganenty £ e recording

head, a print tinme, and a non-print time to control a tenperature control
control system shown in Fig. 40. :

5 In the arrangement of Fig. 41A, a total heat
capacity of the two power transistors 18a and 18b is
set to be equal to that of the recording head 2, or an
analog signal from the temperature sensor 8 is
converted into a digital signal by an A/D converter,

10 and the digital signal is subjected to correction
processing in an MPU 17. Therefore, the temperature’ of
the recording head 2 can be uniquely determined from
the temperatures measured by the temperature sensor 8.
When the measured temperature is the predetermined

15 temperature or less, at least one of the temperature
control heater 10 and the discharge heater 13 is used
to heat the recording head 2. When the measured
temperature exceeds the predetermined temperature,
heating of the recording head by at least one of the

20 ‘temperature control heater 10 and the discharge heater
13 is stopped, thereby performing temperature control
of the recording head 2.

In the arrangement of Fig. 41B, a total heat
capacity of the two power transistors 18a and 18b and

25 the heat sink 28 is selected to be equal to that of the
recording head 2. Alternatively, the analog signals

from the temperature sensor 8 are converted into



anount. 25 According to this nmethod, since the recording head does
n&t have a tenperature sensor, cost of the recordi ng head as an expendabl e
supply can be greatly - 56 - reduced, and this can provide a
considerably large nerit in, especial B§,~a disposable cartridge in which
the recording head and an ink tank are integrated. In the first enbodi nent,
however, since the 5 position of the recording head is physically
separated fromthe position of the tenperature sensor for neasuring an

ambi ent tepperﬁﬁgﬁﬁmlask ﬁ%ab§r@hgeh?5tggnp¥r£ tf%?“%ﬁﬁt%

%fs ﬁbsensor
cannot often indi'cate a correct tenperature at the position of the 10
recordi ng head.qiita1a sigWan sSURR! ¥ubhbetbl t8 LOEPEPEIM Sfrddddithg

apparatus, a tenperature’in the machine is increased due to heat generated
by the power in the MPU 17. Therefore, the temperature of the
recording head 2 is uniquely determined in accordance
5 with the temperatures measured by the temperature
sensor 8. In the same manner as described above, when
the measured temperatures are the predetermined
temperature or less, the recording head 2 is heated by
at least one of the temperature control heater 10 and
10 the discharge heater 13. However, when the measured
temperatures exceed the predetermined temperature,
heating of the recording head 2 by at least one of the
temperature control heater 10 and the discharge heater
13 is stopped, thereby controlling the temperature of
15 the recording head 2.

Fig. 42 is a partial sectional view of a printed
circuit board for performing temperature control
according to the ninth embodiment of the present
invention. Fig. 43 is a block diagram of a control

20 System suitably performing the temperature control of
this embodiment.

Referring to Fig. 42, a temperature sensor 8 is
located near a discharge heater driving power
transistor 18a. 1In this case, in order to cause the

25 temperature sensor 8 to effectively sense radiation
heat or convection heat from the discharge heater

driving power transistor 18a, the temperature sensor 8



supply circuit. In this case, an increase in tenperature in the machine
vari es depending on 15 positions in the machine. Since the tenperature
sdnsor and the recordi ng head have quite different orders of thermal tine
constant, even if the anbient tenperd®@ure sensor and the recordi ng head
have the sanme tenperature in the machine, a small error occurs between the
20 tenperature at the position of the recording head and the anbi ent
tenperature of the anbient tenperature sensor before a | apse of a given

time aftef poveg-greALLIBIIM 4hAss: LATHETRIVIIC i, bhghl ¥ RBURliabo each

other after the lapse o given tine. For thi 5 reason, in tﬂ first
embodi nent, a £6GPEEAGE €hé U s Ha P AR i ARy gb%&f@ra%%%rl s

often determ ned on the basis of the tenperature data including an -57-
error. Even ifisahgihdermmésnl ioppedaiikatadl ih@&he upper portion.
‘ Referring to Fig. 43, in the control system of
5 this embodiment, radiation heat and reflection heat
from the power transistor 18a for the discharge heater
13 are measured by the temperature sensor 8, and an
analog signal from the temperature sensor 8 is
converted into a digital signal by the A/D converter
10 16. Thereafter, the digital signal is subjected to
correction processing, thereby anticipating the
temperature of the recording head 2.

The temperature of the recording head 2 can be

stably controlled to a predetermined temperature by the
15 above control system.

According to the sixth to ninth embodiments as
described above, closed-loop temperature control by the
temperature sensor incorporated in a conventional
recoxrding head need not be performed. By using the

20 ‘temperature sensor 8 arranged in the recording
apparatus, the temperature of the heat-generating power
transistor (driving element) for applying a heat energy
to the recording head 2 is measured. The temperature
of the recording head is indirectly measured, and the

25 temperature gf the recording head 2 can be controlled

to a desired temperature.

An expensive recording head temperature sensor can



I dentical recording head are used, a print density of prints nmay often be

vari ed. Qpen-loop tenperature control according to the 5 third

ertbodi ment will be described below. In this control, a tenperature control

parameter determ ned by paraneters sugdh as an anbient tenperature, a print

time, a non-print time, and the like is corrected according to an

energi zation tinme of the apparatus main 10 body or conponents in the

machi ne whi ch generate heat, so that a | ocal difference in tenperature

I ncr ease ig th% naghime or, an error in an anticipated tenperature of the
ead“€aff

recor di ng sBLBetedy | FRTIRFIRL P s G t her mal
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control. Fig. owsa 1€ r nt neg near the
tenperature se UL} [ , act ua
t enper at ur.e ofH%ﬁgfggggggﬁﬁgéﬁggdé%?a?%éﬁg%?r%ynﬁgiydgéi éggﬁp ITies data 20
when a heat gepgbahkc®NyRNA! 88n! Be SEPELAIFiddHAdRE, recording head unit,

S

and the recording head”unit doe
5 Each embodiment described above exemplifies a

disposable cartridge type recording head. However, the
temperature control method of the present invention is
not limited to this. The present invention is equally
applicable to use of a recording head of a type which

10 does not substantially require replacement, thereby
obtaining the same effect as described above.

In each embodiment, the power transistor is used
as a driving element for applying a heat energy to the
recording head 2. However, the drive element is not

15 1limited to the power transistor.

Each embodiment described above exemplifies a
serial scan type ink-jet recording apparatus using a
serial scan type ink-jet recording head (head
cartridge) mounted on the carriage 3. However, the

20 present invention is also applicable to a line type
ink-jet recording apparatus using a line type ink-jet
recording head which covers a recording area in the
widthwise direction of the recording medium, and
ink-jet recording apparatuses employing other recording

25 schemes to obtain the same effect as described above.

The present invention is used in a variety of

applications regardless of the number of recording



not suffer froma tenperature increase in the machine. Fig. 23 shows an
anbi ent tenperature near the tenperature sensor for neasuring the anbient
25( tenperature, and an actual tenperature of the recording heat at that
time. Fig. 23 exenplifies data when-tBe recording head unit suffers froma
tenperature increase - 58 - in the machine. Note that basic data of a
change in actual tenperature of the recording head wth respect to the
anbi ent tenperature and the target tenperature obtained 5 - when only the
temmr&urqco%&%sbﬁorepHnth is perforned in a state wherein there
is no tenperature Increase in the machine near the recording head is the

AT 2 et shown Ihd gkeslhe Na%hedBnenaLTELBEL oAR! akpEdiahen an v the

tenperature control urlng ing is or med e sane as that
shown in bubble-jet type recording head and its recordlng

apparatus in the ink-jet recording schemes.

5 As its typical arrangement and principle, the
basic principles disclosed in, e.g., U.S.P. Nos.
4,723,129 and 4,740,796 are preferable. This scheme
can be applied to any one of an on-demand type écheme
and a continuous type scheme. 1In particular, whgn the

10 above principle is applied to the on-demand type
scheme, at least one driving signal corresponding to
recording information is applied to an electrothermal
conversion element located in correspondence with a
sheet having a liquid (ink) layer or an ink path so as

15 to obtain an abrupt temperature increase, thereby
causing the electrothermal conversion element to
generate a heat energy. Film boiling is caused .on the
heat application surface of the recording head, and a
bubble can be effectively formed in a liquid (ink) in a

20 one-to-one correspondence with this driving signal.
The liquid (ink) is discharged through the
corresponding discharge opening upon growth and
contraction of this bubble, thereby forming at least
one droplet. When this driving signal is a pulse

25 signal, the bubble is instantaneously grown and
contracts, high-speed liquid (ink) discharge can be

more preferably performed. Preferable pulse shapes are



Fig. 11, and basic data obtained when the tenperature control operations

bgfore and during printing are perforned is the sane as that shown in Fig.
In addition, a change in tenperature of the recording head 15 obt ai ned

when only printing is perforned mnrhdU}‘Tenperature control is the sane as

that shown in Fig. 13. Table 6 shows a correction table of a tenperature

I ncrease in the machine in correspondence with Fig. 22. 20 Note that above

Tables 3 and 2 are used as tenperature control data tables before and

during printi ndis@bosed-HR-Ulsd £ Nos. Q46313590 andl @, Balsl,@6Rer Waeper ature
I ncrease in Machine Correction Tiner for O0Oto 2to 5 to 15 to 30
Tenper at ure | ncordétiofls aSsociatdd witlB(r temperadmure increase rate
of the heat application surface, as disclosed in U.S.P.
No. 4,313,124 is employed, better recording can be
5 performed.

A recording head arrangement as heat application
portions arranged in the bent areas, as disclosed in
U.S.P. Nos. 4,558,333 and 4,459,600, is also
incorporated in the present invention in addition to a

10 combination (linear ink path or a right-angled flow
path) of a discharge port, an ink path, and an
electrothermal conversion element, as disclosed in each
specification of the prior arts.- In addition, the
present invention is effective to an arrangement having

15 a common slit as a discharge portion of the
electrothermal conversion élements, disclosed in
Japaneée Laid-Open Patent Application No. 59-123670 and
to an arrangement having a correspondence between an
opening for absorbing an energy pressure wave and a

20 discharge port, as disclosed in Japanese Laid-Open
Japanese Application No. 59-138461.

As a full-line type recording head having a length
corresponding to the width of the maximum recording
medium used in the recording apparatus, a plurality of

25 recording heads disclosed in the above specifications
may be combined to cover the entire recording length,

or a single recording head may be used. The present



I n Machi ne mn mn mn nore 5 Correction Val ue
O&err]C -2 [err]C -4[err]C -6[err]C -7[err]C Tenperature contro
according to the third enbodi nrent of the present invention will be
descri bed below with reference to t+h@lf lFow chart shown in Fig. 24. Note
that a change in tenperature of the 10 recording head caused by this
tenperature control is the sane as that shown in Fig. 14. Wen the power
switch is turned on, a wait tine counter, and a print tine counter are

reset to 10", Didfbrit LS IQal iQtHdPlenh@ncd kABPREREBECaEN@E88EELEA the 15
machine is started (step S301). " In step S302, the control waits until a

print signal iasbowput. Wien the print signal is input, the print tine

counter is started (step S303), and an anbient tenperature is read fromthe

t enperature sensor Bn addixidrhe e predentr dnventioh fibeadrmon body in step

S304. In step S305, the value of the correction tinmer is read, and in step

S306, the:val wREfgctire aftsremn erhengeabd er chdpi typeepessgding headect ed

on the bagls capable of being electrically connected to the

apparatus main body and supplying an ink from the
apparatus main body, or a cartridge type recording head
integrally formed with the recording head is mounted in

' the apparatus main body.

10 A recording head recovery means and a
supplementary assisting means are preferably arranged
as constituting components of the recording apparatus
of.the present invention to further enhance stability
of the effect of the present invention. Examples are a

15 recording head capping means,-a recording head cleaning
means, a recording head pressing means, a recording
head suction means, an electrothermal conversion
element, another heating element, a combination of the
electrothermal conversion element and this heating

20 elemenﬁ, and an arrangement -for setting a preliﬁinary
discharge mode for discharging independently of
recording so as to perform stable recording.

A recording mode of the recording apparatus is not
limited to a recording mode for only a major color such

25 as black. An integral full-color recording head or a

plurality of single-color recording heads may be used.

The present invention is also effective to an apparatus



of the value of the correction timer. The correction 25 value is determ ned
by the correction table for a tenperature increase in the nmachine shown in
Tdbl e 6. The correction table as Table 6 corresponds to - 60 -1 Fi g.
22. In the case of Fig. 23, data obt@ ned by subtracting the tenperature
of the recording head unit fromthe tenperature of the anbient tenperature
sensor unit may be input to the correction table. 5 In step S307, a
wait time of the wait tine counter is read. The wait tine counter is reset

terper at b cobPYardqaralfar SRt & EMATLRLEL ik edibaly BB 177
corrected anbi gpt 190&8§pﬁi§iﬂ efgggLéggbgw&é ime of the wait time
counter. In step 8309 t he ten%erature contr ? heater 10 shown in Fig. 8 is
heated on the basi s1af ehBhSebbdtthet@tdedOribed above, a liquid ink
’ is used. However, an ink which is solidified at room
5 temperature or less, an ink which is softened or melted
even at room temperature, or the like may be used.
Alternatively, an ink which is solidified or melted in
the general temperature control range of 30°C to 70°C
may be used in ink-jet printing. That is, any ink may
10 be used when it is melted when a print signal is
applied to the recording head. A temperature increase
by a heat energy may be positively prevented by using a
phase transition from the solid phase to the liquid
phase, or an ink which is solidified in an exposed
15 ©state to aim at prevention of evaporation of the ink
may be used. In either case, an ink which is melted
upon reception of the print signal of the heat energy
may be used. In this case, the melted ink is
discharged. In addition, an ink which is solidified at
20 ‘the time of its arrival on the recording medium, or an
ink which is melted upon reception of heat energy may
be applied to the present invention. In this case, as
described in Japanese Laid-Open Patent Application
No. 54-56847 or 60-71260, an ink may oppose the
25 corresponding electrothermal conversion element while
the ink is held in a recess portion of a porous sheet

or held as a liquid or solid body in a through hole.



I ncrease the tenperatures of the nozzle portion 9 and the common ink
&Qanber 12 of the recording head. Upon 15 conpl etion of energization, the
it time counter is reset (step S310). In step S311, a print tinme of the
print tinme counter is read. The count9¥atue of the print time counter is
not so increnented just after the start of 20 the print operation. In step
S312, reference output data is determned with reference to the tenperature
control data table during printing (Table 2). Tenperature condi tions of

25 So15 (b SorhjoRRLad EPCRhdiptelcht AR AN A AR BN OTT (5

15, and a detaéhﬁgmgeiﬁrh@&t°@ff@@£f¥% f&f'tﬁ&%é”ﬁﬂﬁéﬂj -61- The
tenperature control heater 10 is energized

In addition, as the form of an ink-jet recording
apparatus, the apparatus may be used as an image output
5 terminal for a data processing unit such as a computer,
a copying machine as a combination with a reader or the
like, and a facsimile apparatus having a
transmission/reception function.
According to the present invention, as has been
10 described above, correction associated with the
temperature of the control circuit area is performed
for a control object member (Ehe ink-jet recording
apparatus recording means in each embodiment) to
eliminate a control error as in a technique for
15 detecting the state of the recording means while a
direct temperature measurement is performed. Since
detection or anticipation precision is better than
temperature control by the conventional temperature
sensor and the detection error range of the temperature
20 sensor itself, execution modes based on various
temperatures can be accurately performed.
In addition to the ink-jet recoding head utilizing
a heat energy, the present invention is applicable to
heating elements driven individually or in units of
25 predetermined groups, such as a thermal head for
applying a heat energy to an ink ribbon or a porous ink

convey unit. In this case, any temperature sensor need



using these corrected data to performtenperature control during printing
(?tep S317), and one line is then printed (step S318). 5 The wait
tisme counter is started (step S319). Wien the print operation further
continues, the print tine counter is3%epetitively read in step S311 via
step S320, and as the print time is increased, an energy supply anount
[err]is deceased on the basis of the data on 10 the tenperature control
data table during printing (Table 2). Wen the print operation continues,

since the;val ugo®fbéhgri¥@hded | ABr&OLY @n icr MelardltieShelat@hgnent ed, an
out put of 0% is obtained at any anbi ent tenperature, as shown in Table 3,

tenperature coalemént5 bbpiscenpsctions afarthee sepneventaad seasolrei ng
performed for each line. Once the print operation is conpleted, the print
time counter iwirisetlisespca3ti¢, ekimindiedjaiand itie ceasveemendsdises a
time until the next print signal is 20 input. Wen the next print signal is
i nput, the val f¥8eofrom sensor variations. In particular, in a
5 recording heating element array, each heating portion
is locally heated to slightly change the reéponse of
the temperature sensor, thereby disabling accurate
determination. The present invention can solve this.
In particular, the present invention provides
jo Mmarvelous effects in a control object member (e.g., an
ink-jet recording head using an ink (solid or liquid))
having various thermal parameters such as an ink heat
capacity, a head structure, and heating of the above
member. These parameters cause variations in position
15 for accurately determining the temperature due to a use
‘or drive state. Therefore, it is difficult to
determine a timing at which accurate determination is
performed. However, the present invention can solve
this drawback.
20 In a bubble-jet machine utilizing an ink-jet
boiling film, proposed by CANNON INC., the film
temperature locally exceeds 300 °C due to
heat-insulating expansion of bubbles. Even if the
parameters having large variations are included, or a
25 local heating portion such as a driving switching diode

is included, variation factors can be systematically

determined to perform temperature control, thus proving



the wait tinme counter, the anbient tenperature, and the correction table
fcq a tenperature increase in the machine are read (step S304 to S307), an
out put energy 25 level is simlarly determ ned again on the basis of the
tenperature control data table befoTe9%rTnting (step S308), thus repeating
t he sane control operations. - 62 - In the third enbodi ment, a program
having a table for correcting a tenperature of the sensor unit by a
difference in tenperature between the anbient tenperature sensor unit and

the recordi ng seperioritysof theapppietc irdvdretis awee tHeepdigcurrent for
correcting a tenperature difference may be supplied to the recordi ng head
unit under theakbatrol of the correction table to attain the sane
tenperature increase as that of the anbient tenperature sensor unit. Wth
this 10 arrangenehR, thaescanpirgftype acecsting appidatas fioxhe

scanning a recording head to perform recording, an

5 operation error of the temperature detection sensor
occurs due to a scanning speed and a difference between
speeds during scanning and the stop state. The present
invention can solve this problem.

In the embodiments described above, technical

10 arrangements based on the description of the respective
components, and their modifications may be incorporated
in the present invention in a combination without

departing the spirit and scope of the invention.

- An ink-jet recording apparatus for discharging an

15 ink droplet from a recording head-to.perform recording
includes a heating element array for heating the
recording head, a temperature sensor for measuring an
ambient temperature, a timer for measuring a time
associated with a temperature variation of the

20 recording head during a récording operation, and a
control unit for controiling an energy supplied to the
heating element array on the basis of the ambient

temperature measured by the temperature sensor and the

time measured by the timer.

25



obtained. Alternatively, when a tenperature keeping current is not E;
corrected based on the correction table, a small _tenperature—keeping .
current may be supplied to the 15 recordi ng head uni£ 8%£§QgRﬁmmgN peri od

of a power supply, so that the record®6ig-head uni t @ ; ntially
the sane tenperature increase as that of the anbientii m’ Hensor
unit. In this case, a current which is determned in e wth a

20 thermal tinme constant of tenperature increase characteristics of the

recordi ng jheadgopendl #g.a90E® e from power-on regardless of a software
programis supplied to the recordi ng head. This control is equivalent to

tenperature correctilon inpn GAKL9ROPEEBLEIRG appdtitud FOMRIiddhdrdEng It 1S
difficult nore or less to corréct the tenperature of the recording head to
be quite the sae iak dieopletpErahuberbbofr8dng Réad hto perform
recording, comprising:
5 heat means for heating said recording head;
temperature measurement means for measuring an
ambient temperature;
timer means for measuring a time associated with a
temperature variation of said recording head during a
10 recording operation; and
control means controlling an energy to be sﬁpplied
to said heat means on the basis of the ambient
temperature measured by said temperature measurement
means and the time measured by said timer means.
15
2. An apparatus according to claim 1, wherein
said timer means measures a record time of .said
recording head, and
said control means supplies the energy to said

20 heat means during the recording operation.

3. An apparatus according to claim 2, wherein
said control means supplies the energy to said heat
means every recording of one line.

25
4. An apparatus according to claim 3, wherein

said control means controls the energy supplied to said

A AR L




-63- 1 anbi ent tenperature sensor since the tenperature increase of the
agbient tenperature sensor is attained by conplex factors such as
cdnvection of air, heat transmitted fromthe circuit boar dhisBeegitHasBese Replaced
by 5 the recording head itself, am7the |ike. However, S
satisfactory to correct a tenperature increase in the nmachi (] ve
enbodi nent, heat generation according to a power-ONtine is taken into
consideration. 10 Furthernore, heat generation according to an

energi zatipn ty o, i s¢h ngr ive C . ISt or IC
for printi gg rr}alggge ?gﬁgn&ﬁn?%gg%%%éde(%t?%ngn%rﬁrﬁhﬁgé{%ﬁ)ggd%&al ue of
a tenperature dgtgchesdt byes s, sensor unit is corrected on 15 the basis of
a sumof correction data ?or a tenperature increase in the machine
according to an energization time of the power supply unit and correction
data for a tenperature increase in the machine according to an energization
time of, e.g., a trBosi AhOapparaphsdét@rding to claim 3, wherein

5 said control means controls the energy supplied to said
heat means on the basis of a content of a recording

signal of next and subsequent lines.

6. An apparatus according to claim 2, wherein
10 said timer means measures the record time of said
recording head by counting the number of recording

lines or the number of recording characters.

7. An apparatus according to claim 1, wherein

15 said timer means measures a non-record time of
said recording head, and

said control means supplies the energy to said

heat means just before the recording operation.

20 8. An apparatus according to claim 1, wherein
said timer means measures a record time and a
non-record time of said recording head, and
said control means controls the energy supplied to
said heat means during the recording operation on the
25 basis of the ambient temperature and the record time,
and controls the energy supplied to said heat means

prior to the recording operation on the basis of the

AR




20 According to this arrangenent, correction can be nore reliably
pﬁLforned. O printers which are operated by an AC power supply, When an AC
pllug is connected, a main power supply unit is energi HcbhécoHisBedniR3plice a

control unit, 25 and the |ike, and-aggaectual print op f or med
after a power switch (software power switch) is turnedl ngwe t he
respective units of the -64- main body. In a printer o e, if
an energi zation tinme of the main power supply unit is referred to as a

har duar e PAYer GibidfP AbAR Y UAtha abhBckB-4NL el No Tespective
units are energl ze actually turning on PRe Softwar e power switch is

referred to as a software power-on tinme, if these tinmes cause different.
heat generation anounts, the hardware and software power-on tinmes are

9. BAn apparatus according to claim 8, further

comprising:

5 print rate measurement means for measuring a print
rate during a predetermined time of said recording
head, and wherein

said contro; means controls the energy supplied to
said heat means on the basis of the print rate measured

10 by said print rate measurement means.

10. An apparatus accdrding to claim 9, wherein
said control means controls the energy supplied to said
heat means on the basis of the ambient temperature, the

15 non-record time, and an anticipated temperature of said

recording head at an end of previous printing.

11. An apparatus according to claim 9, wherein
said print rate measurement means measures a print rate

20 by counting the number of discharge pulses per unit

time.

12. An apparatus according to claim 9, wherein
said print rate measurement means measures print
25 rates of a first period and a second period longer than

the first period; and

said control means controls the energy supplied to

T




I ndependentdy—+easured,—and a sum of correction values 10 fromthe
co(rrespondiﬁg.s. e(ﬁa?ﬁ&ehﬂ%bﬁc?dbl es may be subtracted according to their | apses
; : :

of*tinme. Fig for explaining a tenperature increase in the
printer, andu m&m*gumn operationd?Tabl es 7 and 8 show tenperature
correction t rding to hardware and software power-on tines.

As can be seen fromFig. 26, correction tenperatures shown in Tables 7 and
8 are set in correspondence with a tenperature increase in the machine ( T

of the sensor tsIREMHat GleandNént @ABEbALUECOE NEREAPLIREN £&EEE 0OF CBRe 20 be
precisely perforned. The software and hardware power on tines are neasured
up to a nmaxi nufiiofstb@nd seicend pedivdsn they exceed 60 m nutes, val ues at

60 m nutes are held. 25 - 65-
13. An apparatus according to claim 8, further
5 comprising:
energization time measurement means for measuring
an energization time of said apparatus, and wherein
said control means controls the energy supplied to
said heat means on the basis of the energization time

ig Mmeasured by said energization time measurement means.

-14. An apparatus according to claim 13, wherein
said control means corrects the ambient temperature on
the basis of the energization time, controls the energy

15 supplied to said heat means during the recording
operation on the basis of the corrected ambient
temperature and the record time, and controls the
energy supplied to said heat means prior to the
recording operation on the basis of the corrected

59 ambient temperature and the non-record time.

15. An apparatus according to claim 13, wherein

said energization time measurement means measures

a first energization time for energizing a power source
25 unit in said apparatus and a second energization time
for energizing each component in said apparatus, and

said control means controls the energy supplied to

e —

T



A

Tabl e 7 Hardware Power-ON 0 10 20 __40 50 -Time
mn or mnor mMno mMn or mn Oor nore nor e nor e nor e nore

Cdrrection Tenperature O[err]C -0.5[err]C -1[errJisShedtta B@nk@hmd
-2.0[err]C 5 - 1dmbl e 8 Softwar 2
5" 10 30 Tinme mn or mn or rn n or
nor e nor e nor e nor e nore Correction Tenperature

-1.0[err]C -1.5[err]C -2.0[err]C -2.5[err]C Note that correctlon according
to energization_1

i h d
Lot o B pRaid betfeRefhn it S Bagts ot e Br¥e AR stk o ™

software is tu t operation is conpleted, a tenperature may
be subtracted %ﬁsgﬁnggfagaggéégf the software power-ON tinme or a print

time. For exanple, when the software is turned off in Fig. 26, a timer for
software power-ON (a tiner for software power-COFF may be added) is

incremented fromOyg, an apparatus according to claim 8, wherein
5 said recording head has a plurality of discharge ports

for discharging the ink with the heat energy.

17. An apparatus according to claim 8, wherein
said recording head comprises a plurality of discharge
10 ports for discharging an ink, and heat energy
generation means, arranged in units of discharge ports,
for causing a state change in ink by heat, discharging
the ink from said discharge port on the basis of the
state change, and forming a flying droplet.
15 B _
18. An apparatus according to claim 8, wherein
said recording head is of a disposable type detachably

formed in said apparatus.

20 19. An apparatus according to claim 8, wherein
said recording head is of a full-line type having a
plurality of discharge ports extending in an entire

recording width of a recording medium.

25 20. An apparatus according to claim 8, wherein
said apparatus is applied to a facsimile apparatus for

recording a recording signal received ﬁhrough a

R




to measure a software power-OFF tinme until the software 20 is turned on
a%?in. A val ue obtained by subtracting a correction tenperature obtained
Wi

h reference to Table 8 on the basis of the software—power=0OFF tThe from
the correction tenperature when the-saptiware is turnedpofdcd fasiRin FaPlacdd

final correction tenperature. For exanple, 25 in Fig.
correction tenperature when the software is turned off i I“Eu §u i f
the software is turned on 10 mnutes |later, the correcti

-66- of -2 Ofer i hQtract.ed fromthe correction tenperature of
-2.5[err]C} ané&%ﬁgVﬁf%#@ﬁ@bi&Pefo.5[err]C Is determ ned as a final

correction tenperature. As described above, according to the third 5
enbodi ment, irf conventional closed-|1oop tenperature-control by a

tenperature sensor JFMNComOLYRATatRst Becoeasndi 88 Beatni §, \Hhepsifor med, a
means for seasuring : _ .
said control means controls the supply energy on the
5 basis of a pulse width of a drive pulse supplied to

said heat means.

22. An apparatus according to claim 1, further
comprising:
10 print rate measurement means for measuring a print
rate in a predetermined time of said recording head;
temperature increase anticipating means for
anticipating a temperature increase caused by a
recording operation of said recording head itself on
15 the basis of the print rate measured by said print rate
measurement means; and
temperature increase protection means for limiting
supply of the recording energy to said recoding head on
the basis of the temperature increase anticipated by

20 said temperature increase anticipating means.

23. An apparatus- according to claim 22, wherein
said temperature increase protection means limits
supply of the recording energy by changing recording in

25 both directions to recording in one direction.

24. An ink-jet recording apparatus for discharging

M



an anbient tenperature is arranged in a recording apparatus nmai n body such
as,a printer, and a nmeans for 10 neasuring an energization tine of a heat
geﬁeration el enent of the apparatus main body is arrangedhisGheoilas Besh Raplaced
val ue neasured by the neans for neasulDRg-the anbient tenp at
a tenperature of the recording head can be nore precisely L"ﬂa
15 desired tenperature by open-loop control than in a conventiona m
Thermal problens in apparatus design such as the relative positional
relationshjp a . e.s . | ' it board, and
t he record}ng %%9%g§§?h§ nti g%#@hg,Egﬁgg?ﬁégﬁ?géaggﬁq%%*éo ved, thus
greatly inprOVif@b@k&kﬁﬁfﬂédﬂbf&%&ﬁgqnlin appar atus design. Furthernore, an
anbi ent tenperature is corrected aCcording to energization tinmes of the
apparatus nmain 25 bakatantkai@ForCheatifigt 58ideebL6£d My Clleg@per at e heat
so that a local difference in tenperature increase in the nmachine, or an
error in an antici patempdrmreaimeasurement means for measuring an

5 ambient temperature;
print rate measurement means for measuring a pfint
rate during a predetermined time of said recording
head; and
control means for controlling an energy to be
10 supplied to said heat means on the basis of the ambient
temperature measured by said temperature measurement

means and the print rate measured by said print rate

measurement means.

15 25. An apparatus according to claim 24, wherein
said print rate measurement means measures the print

rate by counting the number of ink discharge pulses per

unit time.

20 26. An apparatus according to claim 24, wherein
said print rate measurement means meésures print
rates of a first period and a secohd»period longer than
-the first period, and
said control means controls the energy supplied to

25 said heat means on the basis of the print rates of the

first and second periods.

AR
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-67- 1 of the re recordlng head caused by a time difference due to a
|fferencemRSMkﬁﬁ$BahRmﬂ constant are corrected, thus attaining precise

ténperature rding to the present invention a detection 5
limt of a nsor to be-udH +s finely set, e.g., inunits of 1
degree or egree or less, and a tenperature is corrected according to
an energizatlon time, thus attaining a nore stable recording state. The

fourth enbodi ment of the present invention 10 wll be described with

referencej to Figs.,27 t ZQ%%J@'&&Q%QO”@& ﬁ@}gﬁgﬁ‘i tfuﬁ?%@sﬂl

correction operation di rom correc (ste

S315, and S316é0%%f§glﬁgcarr|age movi ng anount and 15 performed in the
first to third enbodinents in a tenperature increase during printing wll

be described - timer means for measuring a record time of said
v recording head, and wherein
5 said control means controls the energy supplied to
said heat means on the basis of the record time

measured by said timer means.

28. An apparatus according to claim 24, further
10 comprising:
timer means for measuring a non-record time of
said recording head; and wherein
said control means controls the energy supplied to
said heat means on the basis of the non-record time

15 neasured by said timer means.

29. An apparatus according to claim 24, wherein
said recording head has a plurality of discharge ports

for discharging the ink with the heat energy.

20
30. 2An apparatus according to claim 24, wherein
said recording head comprises a plurality of discharge
ports for discharging an ink, and heat energy
generation means, arranged in units of discharge ports,
25 for causing a state change in ink by heat, discharging

the ink from said discharge port on the basis of the

state change, and forming a flying droplet.

‘O O O
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below. In either enbodi nent, an energization timng—ot—atenperature

coptrol heater 10 falls within the acceleration (line-up) in erqus at both
sides of a 20 printable range shown in Fig. 27. SRt AR Ree fat ure
control tinme (heater energization tirmdP%exceeds th ration
intervals in tenperature control before printing, S

energi zed prior to the acceleration tine. For this reason, an output 25
i nterval of tenperature control pulses for driving the tenperature contro

heater 10 §n tenmpersyt Ur e Qga¥atdid’ aRGoRUiALI B8 E2RERSPANIGhELednCar i age
novi ng - 68 -1 anount.”"A correction coéfficient is obtained on the

basis of a pul saidtrict¥ditly Head aEPVfabuEespeBhbIE BypécdetadRabayri age
movenent correction (pulse interval 5 correction) in tenperature contro
during printingfommed in said apparatus.

5 32. An apparatus according to claim 24, wherein
said recording head is of a full-line type having a
plurality of discharge ports extending in an entire

recording width of a recording medium.

10 33. An apparatus according to claim 24, wherein
said apparatus is applied to a facsimile apparatus for
recording a recording signal received through a

communication line.

15 34. An apparatus according to claim 24, wherein
said control means controls the supply energy on the
basis of a pulse width of a drive pulse supplied to

said heat means.

20 35. An ink-jet recording apparatus for discharging
an ink droplet from a recording head to perform
recording, comprising:

heat means for heating said recording head;
energy supplying means for supplying an energy to

25 said heat means just before recording of one line;

interval measurement means for measuring an energy

supply interval of said energy supplying means;

* c L ] 13 *




perforned. Table 9 shows a data table used for pulse-interval-coerrection.
Thzse data are obtained as correction coefficients _as _th rcent age wth
respect to a reference interval (100% when a peri od gl oo nds in
this enbodi nent) required for noving tIS carri age thH mlﬂ mdth S
defined as the reference interval. Table 9 Pul se % or

50% or . 75% or 15 | nt erval mor e mor e mor e mor e
Correction Coefficient 25% 50% 95% 100% Pul se i nterva

correctionyw || be desgsdbed, i th é@ﬁgﬁgﬁgeﬂggngingégegggggg%igﬂtput

timngs of the 20 tenperature contr pul'ses and ng a flow

chart of pul se ambesvel ¢ éfg%dfgk When a tenperature control pulse is
output in step S401, an interval between the previous tenperature control

pul se and the currentoderdermdans fWtddit 1302 hel endRYFUERRP1iLA Step
S403, a tenperature control pul se
g to said heat means on the basis of the ambient
5 temperature measured by said temperature measurement
means and the energy supply interval measured by said

interval measurement means.

36. An apparatus according to claim 35, wherein
10 said recording head has a plurality of discharge ports

for discharging the ink with the heat energy.

37. BAn apparatus according to claim 35, wherein
said recording head comprises a plurality of discharge
15 ports for discharging an ink, and heat energy
generation means, arranged in units of discharge ports,
for causing a state change in ink by heat, discharging
the ink from said discharge port on the basis of the

state change, and forming a flying droplet.

20
38. An apparatus according to claim 35, wherein
said recording head is of a disposable type detachably
formed in said apparatus.
25 39. An apparatus according to claim 35, wherein

said recording head is of a full-line type having a

plurality of discharge ports extending in an entire

AR




!nterval correction table is referred to on the basis of thgﬂpeasungg,puLse

terval, thereby obtaining a -69 1 correction coe efficient.
rrperature control operation anmount durin inting is mSMﬁe@e Tﬁ}

g pr
baS| s of the obtained correction coefiPeient. 01 t he ot heA E&ﬂmm

determined in step 5 S401 that the tenperature contro
output, it is determned in step S404 whether 1.2 seconds have passed after
the previous output. If NOin step S404, the flowreturns to step S401. In
a normal printidggordehdt WeALhSHRCE }ggoggﬂﬁ?rﬁé&{@mpontrol pul se has a 10
maxi mum of 1.2-second interval, the flowrefurns to step S401. However,
when the next print signal is malted, 1.2 seconds have often passed. In
this case, the flow advances to step S405. It is determned in step S405
) 40. An apparatus according to claim 35, wherein

said apparatus is applied to a facsimile apparatus for
5 recording a recording signal received through a

communication line.

41. BAn apparatus according to claim 35, wherein
said control means controls the supply energy on the
10 basis of a pulse width of a drive pulse supplied to

said heat means.

42. An ink-jet recording apparatus for discharging
an ink droplet from a recording head to perform
15 <recording, comprising:
temperature measurement means for measuring an
ambient temperature;
print rate measurement means for measuring a print
rate during a predetermined time of said recording
20  head;
temperature increase anticipating means for
anticipating a temperature increase caused by a
recording operation of said recording head itself on
the basis of the print rate measured by said print rate
25 Xeasurement means; and
temperature increase protection means for limiting

supply of the recording energy to said recording head

ML
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1%¥ whet her a capping state is set. If YES in step—S405, o operation is
rformed, and the flow is ended. However, if YES. i cedCappi ng
. fg. 28) is performed in this enbodi nrent when Eﬁshﬂﬂ%&ﬁ&aﬁﬁgﬁ passed upon
conpl etion of printing although cappi #8% s 20 per mﬂaﬂ| Mown means.
fin this case, the six seconds have passed to prev I n
t hr oughput occurring when capping is perfornmed upon conpletion of printing
because cappi ng and uncappi hg require nuch tinme. 25 If NOin step
S405, a teimper ainirthe Gagie) ofulche Menpedutarat iﬁékb&s@uhﬁﬁiciﬁaéé&pbﬁ% to
mai ntain the head tenperature to the same tenperature as in a -70-
carriage stop sl tenfieratuwapinegcasepantatipdtifignmaaisseconds have
passed upon conpl etion of printing, a maxi numof five tenperature control
pul ses H are

43. An apparatus according to claim 42, wherein
5 said temperature increase protection means limits the
printing energy by changing recording in both

directions to recording in one direction.

44. An apparatus according to claim 42, wherein
10 said recording head has a plurality of discharge ports

for discharging the ink with the heat enerqgy.

45. An apparatus according to claim 42, wherein
said recording head comprises a plurality of discharge
15 ports for discharging an ink, and heat energy
generation means, arranged in units of discharge ports,
for.causing a state change in ink by heat, discharging
the ink from said discharge port on the basis of the

state change, and forming a flying droplet.

20
46. An apparatus according to claim 42, wherein
said recording head is of a disposable type detachably
formed in said apparatus.
25 47. BAn apparatus according to claim 42, wherein

said recording head is of a full-line type having a

plurality of discharge ports extending in an entire

R
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out put. The ftowthemradvances to steps S402. 5 In this enbodi nent,
the,.same COM@GHekANs Bln RLEA' M1 @g€ NOVi ng anpbunt correction is performed by

measuring th ontrol pulse interval. Since the tenperature
control puls 4 Hﬂ lﬂlﬁut put to maldbarn the head tenperature constant
until cappin i ned even upon conpletion of printing,

tenperature control having higher precision than that in a printing restart
node can be perforned. The fifth enbodi ment of the present invention wll

be described Wi tdedoaldan@neadkd birda: rdBoting A8didm, Tables 10 to 12. This
enbodi ment exenplifies an operation for protécting the recording head from.

an over heat state although the recording head itself generates heat. In
t he second enbodi nent descri bed above, the 20 over heat which tends to
occur at a high prid8.raka apppravest adcbydingrestéIgim 4 2ppehiateie control

power in accordance with a print rate. For exanple, when a print rate is
50% or nore, as sdidvapparfituiseis, app2ied to a facsimile apparatus for
5 recording a recording signal received through a

communication line.

49. An apparatus according to claim 42, wherein
said control means controls the supply energy on the

10 Dbasis of a pulse width of a drive pulse supplied to

said heat means.

50. An ink-~jet récording apparatus for discharging
an ink droplet from a recording head to perform
15 ¥ecording, comprising:
heat means for heating said recording head;
an electronic element for supplying an energy to
said recording head;
temperature measurement means for measuring a
20 temperature of said electronic element; and
control means for anticipating a temperature of
said recording head on the basis of a temperature of

said electronic element measured by said tempetature

measurement means.

25

51. An apparatus according to claim 50, wherein

said control means controls the enerqgy supplied to said

1A 0 LR




correction coefficient is set to be 0% and tenperature—25—control—s—not
performed. However, when a high print rate exceedi ng 50% ;5. §0 h&&%&ﬂk&ﬁ&da

| ohg period of time, an over heat state -71- 1 occurs

generated by the recording head itsel £U9As is apparent fro ﬂ le IHIIId
in order to prevent over heat, tenperature control is not |
However, in this case, an over heat state occurs due to 5 heat generat ed
by the recording head itself. In this enbodinent, the self tenperature

i ncrease in thehewe aichinyg dreathd badilsl ofpahedaatichpabadi sempesapurat rate.
When an over heat state.is determ ned by the anticipated tenperature

i ncrease and amfindaEhtrekfbrdisnpdreaidure, printing in both directions is
changed to printing in one direction, thereby preventing over heat.

52. BAn apparatus according to claim 51, wherein
5 said temperature measurement means is formed on a

printed circuit board in said apparatus.

53. An apparatus according to claim 52, wherein
said temperature measurement means is in contact with

10 said electronic element.

54. An apparatus according to claim 50, wherein
said recording heéd has a plurality of discharge ports
for discharging the ink with the heat energy.

15

55. An apparatus according to claim 50, wherein
said recording head comprises a plurality of discharge
ports for discharging an ink, and heat energy
generation means, arranged in units of discharge ports,

20 for causing a state change in ink by heat, discharging
the ink from said discharge port on the basis of the

state change, and forming a flying droplet.

56. An apparatus according tc claim 50, wherein
25 Ssaid recording head is of a disposable type detachably

formed in said apparatus.

* c L M S *



Tabl e 10 —Sum Data Tabl e | LOMFresponse O[err] or 12. 5% or 25% or

40%
Sum

5300

or, 0%0r'rms&9-%mrsBm laced nor e nore nore nore nore nore 15
0 500 Max va|¥§ 180 2500 3400 11300
13000 Table gﬂ” Dat a Tabl'e Pofec 0 or 150 or 1300 or
or 11000 or nDre nor e nor e nor e nmore 20 D fference
1 100 240 500 Table 12 Limt Data Tabl e Ambi ent
35[err] C or

30[err]C or 25[ err] C% or 20[err] C or 15[ err] C or

15[ err] C @r Tenper &ur eAn appatcathesaccbedingl tssclaimss50) egdseteimt Val ue
100 100 400 2600 8000 . 16000 25 Tables 10. and 11 are data tables of
sel f tenper at usdidnneserdivgnheed ist P€i pafudbh-pirerkyre shaving &2 -

10

15

20

25

plurality of discharge ports extending in an entire

recording width of a recording medium.

58. An apparatus according to claim 50, wherein
said apparatus is applied to a facsimile apparatus for
recoxrding a recording signal received through a

communication line.

59. An apparatus according to claim 50, wherein
said control means controls the supply energy on the

basis of a pulse width of a drive pulse supplied to

said heat means.

60. A method of controlling a temperature of an
ink-jet recording apparatus having a recording head for
discharging an ink droplet, heat means for heating said
recording head, temperature measurement means for
measuring an ambient temperature, and timer meéns for
measuring a non-record time of said recording head,
comprising:

the first step of, just before a recording
operation, supplying an energy to said heat means to
control a temperature of said recording head on the
basis of the ambiént‘temperatdré measureé'by said

temperature measurement means and the non-record time

) R A
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and TaBﬁQ 12 is a data table of self tenperature increase determ nation
control paraneters. A protect value is calculated to anticipate.a self .
tenperature increase in the recording head during 5 printing. _The

protecgt value is obtained by addi ng-aisum-(Table 10) wei n Replaced
| ow pesponse print rate every one-line printing. However, ﬂ_l ect
e exceeds the MAX val ue corresponding to the lowres e,

addition is not perfornmed. 10 As shown in Fig. 30, since a practical

cording head has, 3R eggig%gaakgge%eggghgguggdcorresponding to a print
Aduty, a protect valuedha an~upper Timt cérreSponding to the print rate.
Fig. 30 shows a rel @hiconsioRgl ept al UR8q¢ S&; d 15
recordi ng head and the co??ggpgﬁg?ngfpgg?ggyﬁggl%efﬁﬁ%ﬂﬁﬁﬁ?nt} é?*g@o
performed at a HiUYROFINGG REhat tbaperfx\mnréesramgresponse print rate
I's smaller.than the previous print rate, a difference (Table 11) weighted

by the protect value is subtracted every 20 printing of one line. |If the
difference is smaller
S 61. A method according to claim 60, wherein the

first step comprises increasing the energy supplied to

said heat means when the non-record time is long.

62. A method according to claim 60, wherein the
10 first step further comprises controlling the
temperature of said recording head by supplying the
energy to said heat means on the basis of a print rate

in a predetermined time of said recording head.

15 63. A method according to claim 62, wherein the
first step comprises decreasing the energy supplied to

said heat means when the print rate is high.

64. A method according to claim 60, wherein the
20 first step further comprises controlling a temperature
of said recording head by supplying the energy to said

heat means on the basis of an energization time of said

apparatus.

25 65. A method of controlling a temperature of an
ink-jet recording apparatus having a recording head for

discharging an ink droplet, heat means for heating said

T




recording $iead is determined not by the print rate but by the increased
t emper at ur §

(protect value), as shown in Fig. 31. Fig. 31T§1h8mHa812e5nReplaced

t enpergat ure i ncrease/ decrease in the pai2nti ng head when pri ed
predetermned print rate and the print rate is decr _
ati

I ng. The -73- differences in Table 11 correspond to oper on
ormed when the print rate is decreased to 0% When the duty ratio is

decreased to an vaI cept for Zero th din s added in
cO&Jespond nce ﬁ-aﬁvvéﬁ“EFFﬁt“Fa gegg ﬁgﬁgr%eg?%e B fferences. in.

Talg e 11 correspang, gmtggflnlt gteﬁ%$a%Q§Qf%h§nﬁa£§ %gtﬁgaﬂgofgft val ue

exCeeds the correspon over heat protection is
perforned. Thi mddiaGld N L%Qﬁﬁﬁt tQthel Df said recording head,

comprising:

t han zerd‘tno subtraction is performed because the discharge amount of the

5 the first step of, during a recording operation,
supplying an energy to said heat means to contrecl a
temperature of said recording head on the basis of the
ambient temperature measured by said temperature
measurement means and the record time measured by said

10 timer means; and

the second step of supplying a recording signal to

said iecording head to perform recording.

66. A method according to claim 65, wherein the
15 first step comprises decreasing supply of the energy to

said heat means when the record time is long.

67. A method according to claim 65, wherein the
fist step comprises supplying the energy to said heat
20 means fo control the temperature of said recording head
on the basis of the print rate in the predetermined

time of said recording head.

68. A method according to claim 67, wherein the
25 first step comprises decreasing the energy supplied to

said heat means when the print rate is high.
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10 perforned by changing printing in both directt+ofrs—toe—prHnat+ng—+A one
direction. When printing in one direction is set, ﬁﬁﬁm&ﬁhﬂﬁh&ﬁ&qué reduced

tof1/2 that in printing in both directions, therebyj er heat.
15 The | owresponse print rate-igigsed to cal cﬂmﬂ Hﬂi l
because the | owresponse print rate corresponds to

ect val ue
I ncrease
for a long period of tine, i.e., heat storage, and a hi gh-response print
rate corresponds to a |ocal, instantaneous tenperature 20 increase. An over

S DL S A ST, KA

. O .
reference To flow charts 1"gs. anter, a print

time counter, aidd Z3dPURGLAUCE GUBEIGIALCARLCEhLARY! LEPLaRhCHSEE (SteD

S501) upon power -on operat . Ihe co I mer | en started (step
S502). In step madd B Waidtrd1™heS temperature of said recording head

on the basis of an enerxgization time of said apparatus.

70. A method of controlling a temperature of an
ink-jet recording apparatus having a recording head for
discharging an ink droplet, heat means for heating said
recoxrding head, temperature measurement means for

10 measuring an ambient temperature, and timer means for
measuring record and non-record times of said recording
head, comprising:

the first step of, just before a recording
operation, supplying an energy to said heat means to

15 control a temperature of said recording head on the
basis of an ambient temperature measured by said
temperature measurement means and the non-record time
measured by said timer means;

the second step of, during the recording

20 operation, supplying the energy toc said heat means to
control the temperature of said recording head on the.
basis of the ambient temperature and the record time;
and

the third step of supplying a recording signal to

25 said recording head to perform recording.

71. A method according to claim 70, wherein the

T
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-74- 1 r ead—Wren—the—count of the wait tinme counter represents 30
seconds Or MR shicBasBednReplickd® counter is reset in step S504 due to a

redson to be d . 5 C£erations in steps S505 to S515 are
the sane as thEﬂﬁHH H re increaskltorrection in the machi ne and
tenperature co rinting) in steps S302 to S312 in Fig. 24, and

a detailed description thereof will be omtted. 10 It is determ ned
in step S516 on the basis of a protect val ue whether a protect node is

required. If YEBirBtSteppSbdfpréédtindirddl Y uPPgI8FdORhd erddyPited in
step S517. If a carriage noving anount is 1/2 or less of the overall wdth
in step S518, tBeidoleatSmeansetvhéem themdbh®curd Rdimd diparodigir e control

is not perforned in printing in one direction. The operations in steps S518
and S519 are another series of correction operations corresponding to
correction -operations

. 72. A method according to claim 70, wherein the

5 second step comprises decreasing supply of the energy

to said heat means when the record time is long.

73. A method according to claim 70, wherein the
first and/or second step comprises supplying the energy
10 to said heat to control the tehperature of said
recording head on the basis of a print rate in a

predetermined time of said recording head.

74. A method according to claim 73, wherein the
15 first and/or second step comprises decreasing supply of

energy to said heat means when the print rate is high.

75. A method according to claim 70, wherein the
first step and/or second step further comprises
20 supplying the.energy to said heat means to control
the temperature of said recording head on the basis

of an energization time of said apparatus.

TR



performed by the carriage noving amount in the first to 20 fourth

enbodi nents. After the tenperature control heater 10 is energized to
pe€rformtenperature control during printing in step S520, printing of one
line is perforned in step S521. The-vHi3 4inme counter is 25 started (st
S523). Wien printing is conpleted (step S523), the flowreturns to steﬁgf
S503. In the third enbodi nent shown in Fig. 24, when -75- 1 printing
is conpleted, the print tine counter is always reset (steps S320 and S321).

However, in thj | 5B Npr LHE j Ljte timer is reset (steps S523,
S503, andh8504 3 ene?ﬁgF E?L!Eﬂ#gggﬁggibs 30 seconds. 5 When the wait

time falls within 38nsegRDfSe PEESEAINY | SpR iR fdt RE seMalrgiwedan

Therefore, the tenperature control power i'n tenperature control “during
printing I's  ink droplet from a recording head to perform recording

includes a heating element array for heating the

5 recording head, a temperature sensor for measuring an
ambient temperature, a timer for measuring a time
associated with a temperature variation of the
recording head during a récording operation, and a
control unit for controiling an energy supplied to the

10 heating element array on the basis of the ambient
temperature measured by the temperature sensor and the

time measured by the timer.

15

20

—————

is Sheet Has Been Replaced
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set to be low. The details of steps S818 ang 8517 wre]l*-pe ,1q  +descri bed 65
bel ow with reference to Fig. 33. It is detersmHed I nt Stkp*S8QL Wwhet her a
wait time is equal to or nore than 120 secomesss | f «¥ESein st"ép-"S601, the
protect value is reset to "0" in step S602. Wen printing is not perforned
for a period of 120 15 seconds or nnqg/gghe tenperature of the recording
head is assuned to be decreased near the anbient tenperature, thereby

rel easing the protect node. In step S603, the nunber of printing dots for
15 seconds is counted. In step S604, an average 20 | owresponse print duty
for past 120 seconds (8 tines) is calculated of the nunber of printing dots
counted in step S603. In step S605, the sumdata table (Table 10) is
referred to on the basis of the | owresponse print duty to obtain a sum
This sumis conpared with the 25 MAX value and if the protect val ue does
not exceed the MAX value, the sumis added to the protect value (steps S606

and S607).

et

RN e g s S 8 gl vy

e
E
4

FIG. 1
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-76 - In step S608, when the |lowresponse priaf dukLy j.s snmller than the
previ ous | owresponse print duty obt gifed Th:s{QPESBQAE_pﬁsbharge I's taken
into consideration. That is, in step 9609,:the drfif erenceé.&, - data table
(Table 11) is referred to on the basis of the protect value to obtain a
difference. In step S610, the differgyzsﬁis subtracted fromthe protect
value. In this case, when the protect ue is smaller than zero, it is set
to be zero (steps S611 and S612). 10 Alimt value is obtained with
reference to the limt data table on the basis of the anbient tenperature
(step S613). If the protect value does not exceed this limt val ue,
printing in both directions is set (steps S614 and S615). Therefore, this

state is 15 canceled in printing in one direction (to be described |ater).

SRS




I f the protect value exceeds the limt value, over heat is determned. In
step S616, printing in one di rection{i,sfset-: -I.n-thl's::s't:ate, :t'he print duty
is set 20 to 1/2 that in printing in:bolh directféns, ‘Bveri’heat can be
prevented. Furthernore, when the anbi'ent ténperature exceeds 30[err]C, the
wait tinme is set so that a period of §Vr23tseconds Is inserted before
printing (steps S617 and S618). The p#i 3 duty is decreased to 25 1/3 that
in printing in both directions. Even if the anbient tenperature is high,
the tenperature of the recording head can be quickly decreased. -77-
According to the fifth enbodi nent, scri§ed above, the increase in
tenperature of the recordi ng head E?ﬁicipgted on the basis of the print
rate, and over heat of the recording head is detected. Wen over 5 heat of
the recording head is determned, printing is

1JC




changed fromprinting in both directions to printing in one direction to
reduce a print speed. An energy applded toithg.recbrding.head’>in unit tine
can be reduced to prevent over heat.; 1Q ¢ bnaddicty onsestthe equil i brated
tenperature corresponding to the pri'nt ‘rat’¢*anfid a‘di sSthar e ahount caused
by a decrease in print rate is taken into consideration, thereby
anticipating a tenperature increase i 8Be recordi ng head. Therefore, 15

hi gh- preci sion protection against a tenperature increase can be achi eved.
When the tenperature increase state is canceled by tenperature increase
protection, the node is restored to printing in both directions to increase
a recording 20 speed. In this enbodi nent, over heat of the recordi ng head
is protected by changing the node fromprinting in both directions to
printing in one direction. However, any nethod nay be enployed if an energy
applied to the 25 recording head in unit tine can be reduced. For

FIG. 5
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exanple, a predetermned wait tine nmay be provided prior to printing of the
next line, and the pul se wi dth - $78:- 1 Of.the'difschat'ge’heat er may be
shortened. In the first to fifth emodsnents: desaribed aboye, tprint. tine
data, wait tine data, the energizati*on*tine® data, *and*the*’liKe are
preferably stored or tinmer 5 operations are preferably continued during
the power-off state due to the follomﬁﬁBBreason. When data is | ost upon a
power - of f operation, the previous tenperature of the recording head is
unknown when the power switch is turned on again. As a result, proper 10
tenperature control cannot be performed. The sixth enbodi nent of the
present invention will be described with reference to the acconpanyi ng

drawings. Fig. 34 is a perspective viewillustrating an
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15 ink-jet recording apparatus which can suitably enploy a tenperature
control method of the present inventieh. The’lak-Iek*Tecd’ditlg apparatus is
of a serial scan type in which a head tartfisdges éngégial lystngl uding a
recording head and an ink tank is nbunted*20°bn a’*catTi ag® nBved al ong a
recordi ng nmedi um P such as a paper sheet _or a plastic thin sheet. This

I nk-j et recordi ng apparatus includes 33nk tank 1 and a recordi ng head 2.
The recording head 2 is an iprg-g4-et wgcordi ng head 25 which di scharges an
ink by utilizing heat enerngﬂ;‘e3 rzordi ng heaq 2 conprises an

el ectrot hermal conversion el enent array. ; 1j et recordi ng head
2 discharges an ink froma di scharge port bubbl es by film
boi l i ng generated by heat energy appli eg
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el ectrot hermal conversion el enent, thereby recording 5 information. The
ink tank 1 and the recording head 2:a[e i gerally, ariang to constitute a
di sposabl e (exchangeabl e) head cartxrdge ds.auwhblé'uThe- d-cartrldge is
mounted on a carriage 3, and 10 thescarri egé«d |s-rec|prccared in
directions indicated by a doubl e-headed arrow A along guide rails 4 so as
to nove along the recording nediun1FlZZBB recordi ng medium P is brought
into tight contact with a platen roller 5 constituting a recording surface
and is fed in 15 a direction indicated by an arrow f upon driving of the
platen roller 5. A flexible cable 6 gﬂgflgnal i nes for supplying

i nk di scharge signal pulse currentsfa :ec I ng head tenperature

adj ustnment currents to the recording head 2 through the carriage 3. A
printed 20 circuit board 7 c rises an electrical circuit for controlling
t he recording apparatus. In EFE illustrated arrangenent, a tenperature
sensor 8, a head drive constgnt voltage source power

ITO
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FIG. 11

® - TIME —>
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transi stor 18a, an A/ D converter 16, a mcroprocessing 25 unit (MPU) 17,
and the like are nmounted on the prigtgd ciyqet,t bna;tt.?.."rhe"fower

transistor 18a is one of the conpongnts cohstlstuti hleeEhe’sefcirical circuit
on - 80- the printed circuit boafd 7. «¥her power transrstor 18a controls
an ink discharge signal current to the recording head 2. The tenperature
sensor 8 conprises a tenperature sengo/330nsi sting of a thermstor for 5
nmeasuring a tenperature. The tenperature sensor 8 is nmounted in contact
with the power transistor 18a. The A/D converter 16 converts an anal og
signal fromthe tenperature sensor 9 to a digital signal. The

m croprocessing unit (MPU) 17 controls the respective 10 conponents in

t he recordi ng apparatus and perforns a processi ng sequence such as
tenperature control. Fig. 35 is a partial perspective view show ng a

FIG. 13
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detailed structure of the recording head 2. Referring to Fig. 35, an ink
path 20 which communicates with eacl, 1& .giqsgﬂar.gq.pqrt,-z',-}.and a common

i nk chanber 12 for supplying an inkgt®ogeach J4°Pk.3atsite20, &8 &rned in a
base plate 24. A discharge heater 18 s&rviehg’eas dedi scChargd’efier gy
generating el enent for applying discharge heat energy to an ink in each ink

path 20 is 20 arranged in each ink 20. Wen recording is to be
performed, an ink is filled fromthe 1'nk tank 1 in the common ink chanber
12 and each ink path 20 through ink supply pipes (not shown). 25 - An

el ectrical signal (e.g., an image signal) is applied fromthe printed
circuit board 7 to eac | schar heater 13 through the flexible cable 6.
Each - 81-1 dis G heﬁ;r 13 is heated to instantaneously

FIG. 15A FIG. 15A
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generate bubbles in part of the ink. Flying ink droplats.are discharged
from each discharge port 25 |ocdtad ab-thg-dqmnsnrbaﬁ1éﬁ tshe correspondi ng
5 di scharge heater 13. Each ink: dropIEt ‘s attached fo. t he recordi ng
nmedi um P to performrecording. Plg 36°71s"a graph show ng resul ts obtai ned
by sinul taneously neasuring tenperatwli%iﬁ the base plate 24 of the
recordi ng head 2 and the tenperatures0 he i o0 véfmer transi stor 18a when

a predeterm ned pattern is continuousl yﬁgﬁ i ght recordi ng nedi a
by the ink-jet recording apparatus descti As shown in Fig. 36,

the tenperature of the power transistor 18a is increased with an increase
in 15 tenpergtyre of the recording head 2. e tenperature of the power
transi stor 18 this electronic driving el@nt is read by the
tenperature seggor 9, and the tenperature of he recording head 2 can be
measured. Fig. |37 is a block diagramof a congrol systemfor 20 suitably

practicing theltenperature contrdl nmet HEED CHRIN?eng(t h eMgd§'1%nt .
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As described above, a certain correlatiomsis present.BetVieen the
tenperatures of the recording h&ads 2 and.'the.téﬁpér-af«ges of the power
transi stor 18a. 25 However, di Efetent? +'enpereture curve¥ are obtained due
to differences between the heat capacities of the recording head 2 and the
power transistor 18a. -82- For th'hs Egason, a power transistor is

sel ected so that the heat capacity o :{ power transistor 18a becones
equal to that of the recording head 2, or a heat sink is coupled to the
power transistor. 5 Alternatlvely ari tic operation is performed .
to correct a tenperature of the po ans7gg 18a by the MPU 17 so as to
uni quely determ ne the tenperature of the recordi ng head 2 fromthe
tenperature of the power transistor 18a. \Wen the gﬁﬁENcEeﬁperature is 10
| ower then a predeterm ned tenperature, a short p ES DISCHARGE
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whi ch does not cause formati on of bubbl es and di schar

e of anink is

applied to the discharge heater.13:in_ga Jhon-LEG ofdlng sode to heat the

recordi ng head 2. \Wen the currams tenpewatUP 'exceeds the predeterm ned 15
tenperature, supply of the short pél sesto*the*di §tharge

heat er

in the

non-recordi ng node is stopped to adjust over heat of the recording head 2.
Fig. 38 is a partial perspective vie 67 gmﬁng a recording head 2 used for

perform ng tenperature 20 control ac

ing to the seventh enbodi nent of

the present invention. Referring to Fig. 38, a tenperature control heater

10 is arranged to heat the recording head 2 near the ink path 20 of the
13 of each ink path 20.

recording head 2 in addition to a discharge heater

25 Fig. 39 is a sectional view showing part of a printed circuit
board 7 of this enbodi nent. g?@ferrlng to Fig. 39, a constant voltage source
ower transistor
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-83- 1 18b for driving the tenperatuge contcol .heatser 40 is arranged on
the printed circuit board 7 in adﬂ:tlon 1.0 a-reoqulng Bead driving power
transi stor 18a. Tenperature senéors 8 gra,arranged i nestOnt’act with the 5
power transistors 18a and 18b, respectlvely Fig. 40 is a bl ock diagram of
a control systemsuitably enploylng ;% erature control nethod of this
enbodi ment. Referring to Fig. po ansistors are 10 selected so

t hat each of the heahﬁzf Ci g?é?of t he di scharge heater drive power
transi stor 18a and t re control drivin g wer transistor 18b is

D

set to be 1/2 the heg f the |ng 2. Alternatively, a
heat sink is coupled r 15t a tor t so that a
tenperature increaseH r transistor 18a or 18b is doubled from

the tenperature incre ecor di . e tenperatures of the
meas|yr ePOMERt BNpeyat ure sensors 8, and

power transistors 182
v
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20 tenperature signals fromthe sensors 8 are converted into digital
signals by A/D converters 16. The glghtay-slgnalsnare"nurblplled wi th each
other in the MPU 17, and the prcduct i 8 dddktlonably “rrglititplied with a
correction coefficient thereby-unhquer-detern1nTng Z5 the tenperature of
t he recordi ng head fron1the tenperatures of the power transistors 18a and

18b. An anbi ent tenperature (roon1temp 33t ure) sensor - 84 - may be
arranged and conbined with the tmo te erature sors 8 attached to the
power transistors 18a a éﬂé@é{correctl e neasurlng
tenperatures. Wen the tures of two power

transi stors 18a and 18b are Iomer han a predeteryi ned fenheraflleaszﬂ
oes

tenperature control heater 10 is turREﬂDOOARW NG RM@@?T““
not cause formation of bubbles of ﬂND”@AL@UL Ro It
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thereby heating the recording head 2. 10 .. Wen the nmeasured

tenperatures of the two power tréﬂgfstothiea:and k8bsexeeed the

predeterm ned tenperature, at |edstsonesof the t:eQEeT aekescontrol heater
t

10 is turned off, and supply of & short " pul'se fo the di'scharge heater 13 is
stopped is perfornmed to 15 preventgﬁéef heat of the recordi ng head 2.

Figs. 41A and 41B are partial secti 133/i ews of printed circuit boards 7
for perform ng tenperature control according to the eighth enbodi nent of
the present invention. 20 Referring to Fig. 41A, a discharge heater
driving power transistor 18a and a tenperature control heater driving power
transistor 18b are in contact with one tenperature sensor 9. Referring to
Fig. 41B, a discharge heater driving 25 power transistor 18a and a
tenperature control heater driving power transistor 18b are in contact with
a heat sink 28. In addition, a tenperature sensor 8 is

o FIG. 21
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-85- 1 thermal |y coupled to the heat sink 28. The tenperature control

met hod of this enmbodi ment can be practigededsi g {dhe sanp, e rangenent as
the control systemshown in Fig. €08 5 "2 Jec, , $ntthe .. anidhoknent of Fig.
41A, a total heat capacity of theStvo pdadsetrdasiefore:%'8a’ and 18b is set
to be equal to that of the recording head 2, or an anal og signal fromthe
tenperature sensor 8 is converted int60/33di gital signal by an A/D
converter, 10 and the digital signal is subjected to correction processing
in an MPU 17. Therefore, the tenperature of the recording head 2 can be

uni quely determ ned fromthe tenp es sured by the tenperature
sensor 8. Wen the neasured terrpeﬁﬁre iﬁe predeterm ned 15 tenperature
or less, at |east ope of the tenperature control heater 10 and the

di scharge heater 13}is used to heat the recording head 2. Wen the neasured
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tenperature exceeds the predeterm ned tenperature,

anal og signals fromthe tenperature
digital signals by the A/D converters 16, and the digita

|

subj ected to correction processing.in_fhe U,17. Therefore, the t
tenperature of the recordi ng head 4g§'uni deterni1ed’&B ﬁﬁﬁord nce 5 1
t t n |

with the tenperatures neasured b

manner as descri bed above, when

(' PoWER ON )
7

r 8 are convert

e ature sensof

RESET WAIT TIME AND PRINT
TIME COUNTERS, AND START
CORRECTION TIMER FOR
TEMPERATURE INCREASE IN
THE APPARATUS

heating of the recording
head by at |east one of the 20 tenperature ,control..heater.dQ-gnd the
di scharge heater 13 is stopped, thereby péﬁfQ&@Lny }enperaiiur & control of
the recording head 2. In the arrangenent ofi.Fi.g. #1B,..2 tei'dleeheat capacity
of the two power transistors 18a and 18b and 25 the heat sink 28 is
selected to be equal to that of the‘gﬁfggding head 2. Alternatively, the
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the neasured tenperatures are the predetern1ned tenperature qr less, the

recording head 2 is heated by at IeaSi .one.df. tsheg Teuperaiure tontrol

heater 10 and 10 the di scharge heatef "18. FDWEVET' JhEd °t H&: fgasur ed

t enper atures exceed the predeterninetl tenp&t'afure,” heatlng of the recording

head 2 by at |east one of the tenperatyre control heater 10 and the

di scharge heater 13 is stopped, therﬁhz ontrolling the tenperature of 15
\onal view of a printed

the recordi ng head 2. gFﬁlxg? ngg; tial sdﬁ’
circuit board for perf re con according to the ninth

enbodi nent o e present invention. F|g 43 |s a block di agram of a
control 20 s m sui tably perf orFi-fg S ere . ot S310t hi s
enbodi ment. Réferring to Fig. 42| d?ES«EﬁpWAHuTBMSdImNTEa i | ocated near a
di scharge heat|ler driving power tnras : in order to
cause the 25 tlenperature sensor §+e e-y—Sehse atthat i on heat or

convection hedt fromthe dlscharnefﬁgﬁteRINT TIME COUNTER LsS31t
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driving power transistor 18a, the tenperature sensor 8 -87- is
preferably |ocated at a |evel higher ‘than a heating source of the discharge
heater driving power transistor 18a since heat is accunulated in the upper
portion. Referring to Fig. 43, in the control systemof 5 this

enbodi ment, radiation heat and reflectipn heat fromthe power transistor
18a for the discharge heater 13 are MB#sid ed by the tenperature sensor 8,
and an anal og signal fromthe tenperature sensor 8 is converted into a
digital signal by the A/D converter 10 16. Thereafter, the digital

signal is subjected to correction processing, thereby anticipating the
tenperature of the recording head 2. The tenperature of the recording head
2 can be stably controlled to a predeterm ned tenperature by the 15 above
control system
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According to the sixth to ninth enbodi nents as descri bed above, cl osed-|oop
tenperature control by the tenperature sensor r-ncor'pp[-ated,'m.'a,
conventional recording head need not be perf:or.n’ed. By usi-ng- -the: 20
tenperature sensor 8 arranged in the ¥ecording-dpparatus, t-he 'tJerrper ature
of the heat-generating power transistor (driving elenent) for applying a
heat energy to the recording head 2 'Qg/rﬁgasured. The tenperature of the
recording head is indirectly neasured, and the 25 tenperature of the
recording head 2 can be controlled to a desired tenperature. An eg)gglgve
recordi ng head tenperature sensor can -88- be-elimnated, var| Ht:kons I n
t enper at ure neasurenent val ues of the recordi ng head can be e the
manuf acturi ng cost can be greatly redgegd= and the product vyifel d %

greatly increased. 8‘3‘2 v, = = =&
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5 Each enbodi ment described above exenplifies a dlsgpsqple cartridge
type recording head. However, the tenfesiat usse éontfot et pock pfs t he present
invention is not limted to this. The—pPesent°|nventtdﬂ‘is éqhally
applicable to use of a recording head’oP a typ& whi¢h 1o does not
substantially require repl acenent, ;gg% obtaining the sane effect as
descri bed above. In each enbodlnent ower transistor is used as a
driving elenment for applying a heat energy to the recordi ng head 2.

However, the drive elenent is not 15 limted to the power transistor. Each

enbodi nent descri bed above exenplifies a serial scan,type ink-jet recording
apparatus using a serial scan type ink-jet recording|head ($ead cartridge)
nounted on the carriage 3. However, the 20 present ifnventi¢n is flso
applicable to a line fype inl-jet recording apparatug using{a line type
ink-jet recording head which |covers a recording arealin thejw dthw sg =
direction of the recofding ngdium and inkyjet recoLdHi-n -apparat o
enpl oyi ng ot her i ng
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25 schenes to obtain the sane effect as descri bed above. The present

I nvention is used in a variety of appblggtlons'fegardLeSs af.iMe nunber of
recordi ng 89 heads. The present |nvent|on.ha§rexcérhqnt-efiects ina
bubbl e-j et type recording head and it$ recordlng apparagtus i'n The ink-jet
recordi ng schenes. 5 As its typical arrangenent and principle, the
basic principles disclosed in, e.g.,20/3%. Nos. 4,723,129 and 4, 740, 796
are preferable. This schene can be applied to any one of an on-demand type
schenme and a continuous type schenme. In particular, when the 10 above
principle is applied to the on-demand type schene, at |east one driving
signal corresponding to recording information is applied to an

el ectrot her mal conversion/gyiEFnt :?) ted in correspondence with a
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sheet having a liquid (ink) layer or an ink path so as 15 to obtain an
abrupt tenperature increase, thereby gagsing tire el*eci*rot het.nate conversion
el ement to generate a heat energy. FﬁﬂnﬁboiQigﬁ:hsichbsédfgéfthe heat
application surface of the recording $head, anmd*sa bubbl*® can* bé effectively
formed inaliquid (ink) in a 20 one-to-one correspondence with this
driving signal. The liquid (ink) is 2B$EEbrged t hrough the correspondi ng
di scharge openi ng upon growt h and contracti on of this bubble, thereby
formng at |east one droplet. Wen this driving signal is a pulse 25
signal, the bubble is instantaneously grown and contracts, high-speed
liquid (ink) discharge can be nore preferably perfornmed. Preferable pulse
shapes are -90- 1 disclosed in U S.P. Nos. 4,463,359 and 4, 345, 262.

When conditions associated with a vfﬂﬁﬁ;atgéicjncrease rate
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of the heat application surface, as disclosed in U S.P. No. 4,313,124 is
enpl oyed, better recording can be 5 ¢, gerf e . A‘ge’égrd;i'?g'ﬁ:aad
arrangenent as heat application portidfg ar rEargZ;'Qd-in:f‘f'le *berg? al eas, as
disclosed in U S . P. Nos. 4,558,333 and 4 459600, i*¢ al°so i*hcorporated in
the present invention in addition to a 10 conbination (linear ink path or
a right-angled flow path) of a di schahd$3por-t, an ink path, and an

el ectrot hermal conversion el enent, as disclosed in each specification of
the prior arts. In addition, the present invention is effective to an
arrangenment having 15 a common slit as a discharge portion of the

el ectrot hermal conversion el enents, disclosed in Japanese Lai d- Open Pat ent
Application No. 59-123670 and to an arrangegent having a correspondence
bet ween an openi ng fier absor bi rﬁ an energy Eessure waxwve and a 20

di scharge port, as cgscl osed i RJapanese La%- Open Jaﬁmese Application No.

59-138461. As a full-line type Tecordi ng he havi ng &1 ength
o o o
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corresponding to the width of the nBX|nun1record|ng medi um used in the
recordi ng apparatus, a pIuraI|ty.oﬁ.25.-reéord|ng heagS:di’scl osed in the
above specifications may be conbiined to: CDver'the’Entlre récording | ength,
or a single recording head may bé uSed.*THa préseft - 9T- invention can
further enhance the effect as described,gbove. In addition, the present

I nvention is also effective when an ¢/ geable chip ty e recordl head 5
capabl e of being electrically connected to the apparatu ezg
supplying an ink fromthe apparatus main bo or a car H
recording head integrally fornﬁﬂffzgh Ezéaﬁgordlng head is nDunted in the
apparatus nmai n body. 10 erd ad recover yTTEATS _and

suppl ementary assi sting nmeans are preferably arranged

(' Power oN ) FIG. 328
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as constituting conmponents of the recording apparatus of the present
I nvention to further enhance stahLLBty.af.?he‘éTJéCI of*.the present

i nventi on.

suction neans,
el enent ,
heati ng 20
di scharge node
stabl e recordj

limted to a{racprdi ng node for

i ntegral ful
heads may be u
-92-

Exanpl es are a 15
head cl eani ng neans,

a conblnatlon of the el ectrdbé
el enent ,

an electrothernal conver

&3al

and

redoY i ngshedag -cappi-ng* nmeans,: a recording
a recordi ng *head presslng'heahs
i.on el enent,

d r&cordi ng head
anot her heating

conversion el ement and this

Eéﬁanemfor setting a prelimnary
for dischar knd tly of recording so as to perform

. A recording node of the recording apparatus is not
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1 having at |east one of a plurality of different colors or a color

m xi ng full-color node. In each ephedi nen*-destri.bed abey€; a liquid ink is
used. However, an ink which is s@l%tifi&daf- roanﬁ . ?enperature or |ess,
an ink which is softened or neltéd even+at roonﬂtehperature or the like
may be used. Alternatively, an ink mhlch Is solidified or nmelted in the
general tenperature control range of23 rr]C to 70[err]C may be used in

i nk-jet printing. S i nk when it is nelted when a
print signal is a f& oﬂ recoWAEheaE enperature increase by a
heat energy may be positively prevented by using a phase transition from
the solid phase tp E@g h?QUIC phase, ar an ink yhich is solidified in an
exposed 15 statelt | revent onpRgTEwppor tion of the ink may be
used. In either casg Gagank whi ch NS pdn reception of the print
signal of the hea % [ be used. Inthis case, the nelted ink is

di scharged. In addition, an ink which .8 soNdified at 20 the tinme of its
arrival on the recording nedium or a
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~ink which is nelted upon reception of heat energy may be applied to the

present invention.

In this case, ,as, desgri.bed i.n dapapesge-lai d- Open Pat ent

Application No. 54-56847 or 60-7126D, ah }nk,&ay‘appo&etghg 25
correspondi ng el ectrot hermal conyersi onzel.emrent."whi'l e ¢hessink is held in a

recess portion of a porous sheet or hel
-93- According to t B8

t cti fror t hese i nks.

H&ppaﬁﬁ, t he ap atus may be used as
for a data processing unit
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t hrough hol e.
schene i s nos
i nk-j et recor

t er m nal

i nventi on,
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10 descri bed above, correction associated with the tenperature of the
control circuit area is performeé tdr a: oOht r of° «@bjs ect” pEnber (the ink-jet
recordi ng apparatus recordi ng nmeanssin pacle enbodr'ma'nt:)’.!o-el imnpate a
control error as in a technique for®15°° detecting the state of the
recording nmeans while a direct tenper e nmeasurenment is perforned. Since
detection or anticipation precision 2§ ter than tenperature control by
t he conventional tenperature sensor and the detection error range of the
tenperature 20 sensor itself, execution nodes based on various

t enper at ures can uraL?# performed. In addition to the ink-jet

recodi ng head uti IFJ&‘ ener gy, \ nnvention is applicable
to heating elenments driven individual nf P25 pr edet er mi ned
groups, such as a thermal head for gnergy to an ink ribbon
or a porous ink convey unit. | [ gLal urg~sensor need




-94- not be arranged directly on or near the heating el enent.

Di sconnections of the sensor and sen$or «li ¢ ng «"Tné% calish&sel i mi nated, and
the neasurenent is free fromsensqr yariatiopns.: In°mgarte=¢yl gr, in a b
recordi ng heating elenent array, éach he&dtifg péttifon i¥ lbcally heated to
slightly change the response of the tenperature sensor, thereby disabling
accurate determnation. The present i @ehB3on can solve this. In
particular, the present invention provides 10 narvelous effects in a
control object nenber (e.g., an ink-jet recording head using an ink (solid
or liquid)) having various thermal paraneters such as an ink heat capacity,
a head structure, and heating of the above nenber. These paraneters cause
variations in position 15 for accurately determ ning the tenpgrature due
to a use or drive state. Therefore, it is difficult to determpe a timng
at which accurate determination is perfornmed. However, ent

i nventi on can sol ve

TEMPERATURE CURVE OF P
TRANSI 1 OF POWER
TIME

FIG. 36
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t hi s drawback. 20 In a bubble-jet machineg, utilizihg,an ink-jet
boiling film proposed by CANNON:itNG. , «the filmienperatsdrg | ocally exceeds
300 [err]C due to heat-insul ating efpangidnsdfi BUBMN &s, *Eyen if the
paranmeters having |arge variations are 1 ncluded, or a 25 | ocal heating
portion such as a driving switching diode_is included, variation factors
can be systematically determned to ﬁﬂr 33n1tenperature control, thus
provi ng -95- superiority of the present invention over the prior arts.
In the scanning type recording apparatus for scanning a recording head to
performrecording, an 5 operation error of the tenperature detection
sensor occurs due to a scanning speed and a difference between speeds
during scanning and the stop state. The present

FIG. 37
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invention can solve this problem Ln the gnbodingots descyibed above,
techni cal 10 arrangenents based'on:the'desCrlynion-Qf bhe-respectlve
conponents, and their nDdlflcathons ey, bﬁ-lnnoﬂpoTated ‘trf the present

i nvention in a combination without departlng the spirit and scope of the
invention. An ink-jet recording appaizyég for discharging an 15 ink
droplet froma recording head to per recordi ng includes a heating

el enent array for heating the recording head, a tenperature sensor for
measuring an anbient tenperature, a tinmer for neasuring a tinme associated
with a tenperature variation of the 20 recording head during a recording
operation, and a control unit for controlling an energy supplied to the
heating el enent array on the basis of the anbient tenperature neasured by
the tenperature sensor and the tinme nmeasured by the tinmer. 25

FIG. 39 ;
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-96- What is clained is: 1. An ink-Jet of eaQr disng,«apparel, us. for discharging
ink droplets froma recording heéd'oto pgeg'fvor.n: renes di® nqt s,al d apparat us
conprising: heat nmeans for heatl:ng .sald.racor'dl-hg»-'head-to control a
tenperature of ink; tenperature neasurenent neans for neasuring an anbi -
ent tenperature of said recording heg.gg éi mer nmeans for nmeasuring a tinme
period during a previ- ous recording E ation; and control neans for
subsequently cotrolling an energy to be supplied to said heat neans on a
basis of the time period neasured by said tinmer means with respect to the
anbi ent tenpreature nmeasured by said tenperature neasurenent neans, wherein
said timer nmeans neasures a record tinme and a non-record tine of said

recordi ng head, the record,ti bgi a time period dyLi whi ch i d
recordi ng head /(; ﬁfﬁ #/Z? §
8 28

_ , 18b
18a acd
18b 18a )
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S conveyed and perfons recordlng, the non-record tine belng a tlﬁ% 6er|od
during which said recording head does not performrecordi ng, af@Ssaid
control neans controls the energy supplied to said heat neans during the
recordi ng operation on a basis of the anbient tenpérature and the record
time, and controls the energy supplied 33 said heat neans prior to the
recordi ng operation on a basis of the anbient tenpeatreand and non-record
time. 2. An appratus according to claim1, wherein said recording head has
a plurality of discharge ports for dis- char the ink with the energy.

3. An appar at uFFcd&d| Q@W‘hlﬁ&%eﬁ&n gWFBBEVEEn&QWE@%OWpH ses
a plurality of METEORAT PRs for dischargig the ink, and heat energy
generation nmeans, arranged in units of discharge ports, for causing a state

change in the ig% Eé E?at, di scharging the ink fromsaid di scharge parts on
the basis of t change , and formng flying droplets. 4. An
apparatus according to claim1l1, wherein said

An ink-jet recording apparatus for discharging an
ink droplet from a recording head to perform recording
includes a heating element ai:ray fc;r heating the
recording head, a temperature sensor for measuring an

ambient temperature, a timer for measuring a time

associated with a temperature variation of the
recording head during a recording operation, and a
control unit for controlling an energy supplied to the
heating element array on the basiz of the ambient
temperature measured by the temperature sensor and the

time measured by the timer.
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recor di mg_b_eagi conprises a disposable recording _head det ach%ﬁ%”\‘-érm in
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hcat means for heating said recording head to control a l
temperature of ink;

temperature measurement means for measuring an ambi-

ent temperature of said recording head; .
timer means for measuring a time period during a previ-
ous recording operation; and

control means for subsequently controlling an energy to

be supplied to said heat means on a basis of the time
period measured by said timer means with respect to
the ambient temperature measured by said temperature
measurement means,

wherein said timer means measures a record time and a

noo-record time of said recording head, the record time
being a time period during which said recording head
is conveyed and performs recording, the non-record
time being a time period during which said recording
_bead does not perform recording, and
said control means controls the energy supplied to said
heat means during the recording operation on a basis of
the ambient temperature and the record time, and
controls the energy supplied to said heat means prior to
the recording operation on a basis of the ambient
and the non-record time.

2. An apparatus according to claim I, wherein said
recording head has a plurality of discharge ports for dis-
charging the ink with the energy. '

. 3. An apparatus according to claim 1, wherein said
recording head comprises a plurality of discharge ports for
discharging the ink, and heat evergy generation means,
arranged in units of discharge ports, for causing a state
change in the ink by heat, discharging the ink from said
discharge ports on the basis of the state change, and forming
flying draplets.

4. An apparatus according to claim 1, wherein said
recording head comprises a disposable recording head
detachably formed in said apparatus,

S.Mappammsmxdingtoclaiml.whcminsaid
recording head comprises a full-line recording head having
a plurality of discharge.ports spanning in an entire recording
width of a recording medium.
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t enperature neasurenent neans for neasuring an anbi- ent tenprerature of
said recording head; tiner neans for neasuring a tine per-od-during-a
previ - ous recording operation;and control neans for subse

controlling an energy to be supplied to said heat neans onﬂmuumslm}llluru#"
time period neasure by said tiner neans with repect to

t enper at ue neasured by said tenpature neasurenent rreans V\/nerel n sal d
control neans controls the energy to be%upplied to sai d heat neans for
every line of recordin CO tro ans % he energy to be
supplied in accordg;aéeﬂem ‘?Fﬁ?@ ngar’ g? i a"lhs conveyed between
| i nes of recordi ng LErdgg d g schar gi ng i nk

droplets froma.re P‘gﬁ 5°°F1 mn% appar at us
conprising: heat neahAnAFparpERLGeR ﬂ%ﬁP&‘“ﬂ'@é@W&ﬂﬁﬁsﬁ’é&Bﬂ control a
tenperature of i nkmeansnéaniralsithe svpply enersy wn the basis R pWlsEsuri ng an anbi -

width of a drive pulse supplied to said heat means.

8. An ink-jet recording apparatus for discharging ink
droplets from a recording head to perform recording, said
apparatus comprising: :

heat means for heating said recording head to control a

temperature of ink;

temperature measurement means for measuring an ambi-

ent temperature of said recording head;

timer means for measuring a time period during a previ-

ous recording operation; and

control means for subsequently controlling an energy to

be supplied to said heat means on & basis of the time
period measured by said timer means with respect to
the ambient temperature measured by said temperamre
measurement means,

wherein said control means coatrols the energy to be
supplied to said heat means for every line of recording
and said control means modifies the emergy to be
supplied in accordance with an amount a recording
medium is conveyed between lines of recording.

9. An ink-Yet recording apparatus for discharging ink
droplets from a recording head to perform recording, said
apparatus comprising:

heat means for heating said recording head to control a

temperature of ink;

temperature measurement means for measuring an ambi-

ent temperature of said recording head;

timer means for measuring a time .period during 2 pre-

vious recording operation;

control means for subsequently controlling an energy to

be supplied to said heat means on a basis of the time
pericd measured by said timer means with respect to
the ambient temperature measured by said temperature
measurement means; and

movmg means for moving the recording head relative to
a recording medium, wherein said control means con-
trols energy to be supplied to said heat means for every
line of recording and said control means modifies the | l“ll
energy to be supplied to said heat means in accordance
with an amount said moving means moves the record-
ing head for one line of recording. :

This Sheet Has Been Replaced

MG

This iz the raplacement shest




ent .tenperature of said recording head; timer neans for neasuring a tine
period during a pre- vious recording operation; control means erts77—¢&
subsequent|ly controlling an energy to be supplied to said heat neags on a
basis of the time period neasured by said tinmer means with respect to the
anbi ent tenperature nmeasured by said tenperatue nesurnment neans; and novi ng
means for noving the recording head relative to a recordi ng nedium wherein
sai d control neans con- trois energy to9®e-supplied to said heat neans for
every line of recording and said control means nodREPIACEMENTESHEEGY to be
supplied to said heat nmeans in accordance with an anount said noving neans

noves the record- ing head for one line of recording.
INK-JET RECORDING APPARATUS AND TEMPERATURE CONTROL
METEOD THEREFOR

ABSTRACT

An ink-jet recording apparatus for discharging an
ink droplet from a recording head to perform recording
includes a heating element array for heating the
recording head, a temperature sensor for measuring an
anbient temperature, a timer for measuring a time
‘associated with a temperature variation of the
recording head during a recording operation, and a
control unit for controlling an energy supplied to the
heating element array on the basis of the ambient
temperature measured by the temperature sensor and the

time measured by the timer.

FIGURE 1
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What is claimed is: .

1. An ink-jet recording apparatus for discharging ink
droplets from a recording head to perform recording, said
apparatus comprising: '

heat means for heating said recording head to control 2

temperature of ink; _
temperature measurement means for measuring an ambi-
ent temperature of said recording head;

timer means for measuring a time period during a previ-

. ous recording operation; and
control means for subsequently controlling an energy to
be supplied to said heat means on a basis of the time
period measured by said timer means with respect to
the ambient temperature measured by said temperature
measurement means, )
wherein said timer means measures a record time and a
non-record time of said recording head, the record time
being 2 time period during which said recording head
is conveyed and performs recording, the mon-record
time being a time period during which said recording
“head does not perform recording, and
said control means controls the energy supplied to said
beat means during the recording operation on a basis of
the ambient temperature and the record time, and
controls the energy supplied to said heat means prior to
the recording operation on a basis of the ambient
and the non-record time.

2. An appamatus according to claim I, wherein said
recording head has a plurality of discharge ports for dis-
charging the ink with the energy.

3. An apparatus according to claim I, wherein said
recording head comprises a plurality of discharge ports for
discharging the ink, and beat energy generation means,
arranged in units of discharge ports, for causing a state
change in the ink by heat, discharging the ink from said
discharge ports on the basis of the state change, and forming
flying droplets. '

4. An apparatus according to claim 1, wherein said

recording head comprises a disposable recording head

detachably formed in said apparatus.

5. An apparatus according to claimt 1, wherein said
recording head comprises a full-tine recarding head having
a plurality of discharge.ports spanning ~ an eatire recording
width of a recording medium.
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6. Aa apparatus acconding to .claim 1, wherein said
apparatus is applied to a facsimile apparatus for recording a
recording signal received through a communication line.

. 7. An apparatus according to claim 1, wherein said control
means controls the supply energy on the basis of a pulse
width of a drive pulse supplied to said heat means.

8. An ink-jet recording apparats for discharging ink
droplets from a recording head to perform recording, said
apparatus comprising:

beat means for heating said recording head to control a

“temperature of ink;

temperature measurement means for measuring an ambi-

ent temperature of said recording head;

timer means for measuring a time period during a previ-

ous recording operation; and

control means for subsequently controlling an energy to

be supplied to said heat means on a basis of the time
period measured by said timer means with respect to
the ambient temperature measured by said temperature
measurement means,

wherein said control means controls the epergy to be

supplied to said heat means for every line of recording
and said control means modifies the energy to be
mppﬁedinmrdanoewithanamountarecmﬁng
medium is conveyed between lines of recording.

9. An mk-.]’etreoordmg apparatus for discharging ink
droplets fmmarecordmg head to perform recording, said
apparatus comprising:

heat means for heating said recording head to control a

temperature of ink;

temperature measurement means for measuring an ambi-

ent temperatore of said rcoording head;

timer means formeasunngaume penoddunngapre—

vious recording operation; -

control means for subsequently controlling an eaergy to
~ be supplied to said heat means on a basis of the time

pericd measured by said timer means with respect to
the ambient temperature mmumd by said temperature
measurement means; and

moving means for moving the reconding head relative to

a recording medium, wherein said control means con-
trols energy to be supplied to said heat means for every
line of recording and said control means modifies the
energy to be supplied to said heat means in accordance
with an amount said moving means moves the record-
ing head for one line of recording.
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