I nk-j et Recordi ng Apparatus and Tenperature Control Method Therefor -~ - . -
BACKGROUND OF THE | NVENTI ON Fi el d. of the Inventsa pges ntio -
relates to an ink-jet recording apparatus for ca& nng%@ 10 9’
di scharge an ink to a recording nediumto performrecording,

tenperature control nethod therefor.lRelated Background Art A recording

« apparatus such as a printer, a copying machine, a facsimle apparatus, or
the like records an inage consisting of a dot pattern on a recorsli g m
such as a paper sheét or a plastic thin plate. The recordi ng apparatus can
be classified as an |nknkehe&ypgcowupggdqbgaﬁgtugIaﬁanﬂ type, | aser-beam
type, and the like according to a recording method. Of these apparat uses,

in the ink-jet type Seppexttare Wonteiolr Memhdidhepeeficat us), an i nk dropl et
(recording liquid) is discharged and flied froma discharge port of a
recording head, and is attached to a recording nedium thereby performng
recording. In recent a | arge nunber of recordi ng apparatuses have
been used, ang > , b BNVENEIGNgh recordi ng speed, a high

resol ution, hlgh i Qge quallty, and | ow noi se. As a recording apparatus

whi ch satisfi E32LfeQE the SovempieRenments, the ink-jet recording apparat us

's known. In the '@§e18£e£g§ ghggntgggrgg ategI &€an ink-jet

recording apparatus for causing a recording head to
discharge an ink to a recording medium tc perform
recording, and a temperature control method therefor.

Related Background Art

A recorxrding 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 paper sheet or a plastic thin plate.

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
(recording liquid) is dischérged 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

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

As a recording apparatus which satisfies these



recording is performed by discharging an ink froma recordi ng head, the
apparatus is considerably influenced by the tenperature of the recording
head. For this reason, a conventional ink-jet recording apparatus enploys a
so-cal l ed cl osed-1o00op control nethod wherein a tenperature sensor and a
tenperature control heater mhich_jqfnpase cost are arranged in a recording
head unit, so that the tenperature of the recording head is controlled to
fall within a desired range on the basis of the detected tenperature of the
recordi ng head. As the tenperature control heater, a heating heater nenber
joined to a recording head unit or a discharge heater in a_bubble-jet
recordi ng affRFEkIRNER S Ihe PK-CRNOFIITILITD 2 BRRERERT 4§ SROVRK dropl et
by grow ng bubblef théi{éﬂtuﬂl ing of an ink is used. Wien the discharge
heater is used, it® I FRRFEFARRRATI T YentH2FE bubbles. In

articular, in bble-jet_recordi.n ratus_ (which_jis.cpr sed by CANON
IIONC. I ;pd fo#?ﬁsg%é)uxb es® Ji%eléé%%ﬁcgl-@?a‘fggé?a’féj dal:1 nknjlﬁsif%agggheat gner gy
to obtain an-idb digp!lad 0 G dselalded)ss sddiegsdlsabigchar ge
characteristics are Targely vari epending on the tenpérature of the

recording heggle1@éndad OO Ve | Afd Ya kDA £ CL9S oFet 281 hETRARAL UM € cont T ol

tends to be perforned. ternatively, only an -3- inexpensive printer
which is used forrérceliPfCte£s®t] r&NEEneah€LbRADr iRk §8tdireeegdidg printing

quality, density nonuniformty, and the like is
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
recording 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
or 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.

o In particular, in a bubble-jet recording 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
on the temperature of the recording head, as is
conventionally known, closed-loop temperature control

tends to be performed. Alternatively, only an



avai |l abl e. However, in recent years, since portable CA equi pments such as
| apt op personal conputers have 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 the portable printers since
It has a conpact structure. In addition, the disposable cartridge type
printer will becone nore popula 3 n terns of maintenance due to an increase

in popularity of home- or personal -use wordprocessors, personal conputers,
facsim|e apparatuses. In this case, since the tenperature sensor and the
heater for tenperature control are incorporated in the disposable

cartridge,; QW EMQﬂC r 1 é@m'g&{onir1tenpefature
npasurener%'tnté\;/%é&{_egsu?yé %ég-'\r/ari alils%ln%'lsﬁ {enp(ekroa%ure sehsor Since a _

di sposabl & ead-drii A XRENAMY &P | dhs e gBRE p AL Dga variation in
characteristics is connected to the printer” nmain body every tine the head

i s exchanggthlity 2 durihi 6y jeindrecRsdi gy heatd wheckikedischarge heater is
manuf actured in a sem conductor process, a - 4 - diode sensor for

det ecti ng avdicieleat ure of a recording head nust be integrally fornmed in a
single process to decrease cost. Since the diode sensor suffers froma
variation in tHoweNer ackurrecent dyrarsiotsinge poghable 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

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

apparatuses.

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

(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
is exchanged.

In a bubble-jet recording head, since a discharge

heater is manufactured in a semiconductor process, a



precision like in a tenperature sensor as a sel ected product, and may often
cause a difference of 15[ERR]C or nore anong nmanufacturing lots as

nmeasur enent val ues of an anbient tenperature. For this reason, closed-I|oop
control using the tenperature sensor of the recording head requires a
conplicated adjustnment operation fon_qﬁjysting a variation in tenperature
sensor of the recording head in an adjustnent process, or founting a
tenperature sensor which is neasured and ranked in a main body, and
correcting it using an adjustnment selection switch. These operations

consi derably increase manufacturing cost, and inpair operability. An -
increase in si g9 r IRBIRT PW FISRRCHING | BIMPPEAEULEP P At RORSCOHRGNT
consi der abl e iqgrqfse inégropessinghyolyne of an NPU,cgrsed b% cl osed- | oop
control itself E& THF hei®y- ORI HSIFED L8 R oPpaEte oPTRERESLIE

i nt in b . Count ' tati '
S nce a i sposall e Reat 19 an SKHTanrS Copr, sSAebE chaFrBERAEPY' a7 cches
or detached it $o-Piefsem 2 L ac{%éﬁtE%%uégégogotcggggcﬁigaf t he

mai n body are al ways exposed. I nce 0 romthe tenperature

sensor is direchrectsiin i Bikd Ol £ £&hbdrPPurfe PEERESE £575Usb1808RE Of the
mai n body through a carriage and a flexible wring, a tenperature
measur ement ci rppoduct, vand e ko figem NCdusé eat d 05f8teéRcB0bEC15SCNGe a
conpact or portable printer cannot have a sufficient shield

more among manufacturing lots as measurement values of

an ambient temperature.

For this reason, closed-loop control using the
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
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
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 expendablé supply, a
. user frequently attaches or detached it to or from a

main body. For this reason, contacts of the main body

are always exposed.



effect inits housing, it is further weak against electrostatic noise. .
Therefore, in a conventional tenperature detection nethod, an electrostatic
shield, and parts as a counterneasure agai nst el ectrostatic noise nust be
added at respective portions for only a single tenperature sensor, thus
consi derably disturbing a conpact structure, a decrease in cost, and high

I mge quality. SUMVARY OF THE INVENTION: It is a principal object of the
present invention to provide an+rk-jet recording apparatus which can
control a tenperature of a recording head to fall within a desired range

wi t hout arranging a tenperature sensor in the recording head, and a
tenperature control nethod therefor. It is another object of the present

i nvention to prosintes athé Ndatmic roem ditg opmEescatsrehsenseanisontrol a
tenperature of a recording head to fall wthin a desired range even when a

print rate diredmiyesipphied tenperiatarit coht2 dPTHBEREd CEREREFor . It is
still another object of the present invention to, rovidg an ink-jet
recordi ng HPAFALSE WhE RREBNPRANt FRFOUTR chpeRBF 1R80P ™S fecordi ng head to

fall within desjred. range even when a difference b tmeenugggggperature in

the recordih %ﬁ%g?éYhEL%.d 3 TYPRRTATRTR BFRTHESPERsr §MF§ occurs, and
2 tenperat g foRie! aJELAGY LISLELSLratlcl Ro2kEL! S2AKRCR kel the
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
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
quality.

. SUMMARY OF THE INVENTION:

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



I nvention to provide an ink-jet recording apparatus which can prevent a
tenperature of a recording head from being increased.to an abnormal high
tenperature, and a tenperature control nethod therefor. In order to achieve
the principal object, according to a preferred aspect of the present

I nvention, there is provided an ink-jet recording apparatus for causing a
recording head to discharge an inkdroplet to performrecording,

conprising: heat nmeans for heating the recordi ng head; tenperature

measur enent neans for neasuring an anbient tenperature; tinmer neans for
nmeasuring a tine associated with a tenperature variation of the recording
head in association with a recording operation; .and' _control neans for

control ling an erdr gy tSFd ansfna aRiadte HeNHRFRITA-t he basi sof the

anbi ent tenperature nmeasured by the tenperature asur ns and t he
ti me neasur e IRPEAER (FHERT an inksieh, Ib?%f’e’f@lt%éla %/aéggﬁot her

obj ect, acc%\r}%id:er}g & @%tjprgc{l %gg%%%%%ee%j; of #%érao:p&ﬁ?nﬁeg&vggt i on,

there is pro an i n ar at us caustng a recording

head to di ' t f r A NGl3 k&I Ng: heat
IS%E%%%&’?E%S‘%%’?$% A T QPR Qe b Ngli £ E6PRAEST NG

means for heatlng t enperature neasurenent neans for
nMeasuring arpaibeéntat CamFeAdtiis I | tHe I FéCorERRY Tl £pPatatRANandoa

measuring a print .
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
which can prevent a temperature of a recording head
from being increased to an abnormal high temperature,
and a temperature céntrol method therefor.

In oxder to échieve the principal object,
according to a preferred aspect of the present
invention, there is provided an ink-jet recording
apparatus for causing a recofding head to discharge an

~ink droplet to perform recording, comprising:

héat means for heating the recording head;

temperature measurement means for measuring an
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
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.



rate in a predetermned tinme of the recording head; and control neans for
controlling an energy to be supplied to the heat neans on the basis of the
anbi ent tenperature nmeasured by the tenperature nmeasurenent neans and the
print rate measured by the print rate neasurenent neans. In order to
achieve still another object, according to still another preferred aspect
of the present invention, there is-pTovided an ink-jet recordi ng apparatus
for causing a recording head to discharge an ink droplet to perform
recordi ng, conprising: tenperature measurenent neans for measuring an

anbi ent tenperature; print rate neasurenment nmeans for neasuring a print

rate in a predet erhnggdbt Mg Ohch ey CERLELEY BE3dcraNdcLERRER]! Ube
i ncrease anticipating means for anticipating a tenperature increase caused

by a recorgnoghepepaefonred abpet€COf dthg peagentsehireanibhe basi s of
the print rate neasured by the print rate neasurenent neans; and

t enper at ur e i He@BAsks pporetdednancink-fet recvotrdimgsappeyatfisafeecor di ng
energy to the recording head on the basis of the tenperature increase

anti ci pat ed b§2EHERY eApEREPTRENG Nead Lo B sehprgengnndrisdrppletdse to
achi eve still_angt her obgegt, according to still another preferred aspect
of the presen?FhVERt FEROTEHRFe FSMBFH9+@Ed an i nk-jet recording apparat us

for causing a recoﬁgéggmgggg Egr heating the recording head;

temperature measurement means for measuring an
ambient temperature;

print rate measurement means for measuring a print
rate in a predetermined time of the recording head; and

| control means for controlling an enerqgy 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
s 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
reco:ding apparatus for causing a recording head to
discharge an ink droplet to perform recording,
comprising:

temperature measurement means for measuring an
ambient temperature;

print rate measurement means for measuring a print
rate in a predetermined time of the recording head; and

temperature increase anticipating means for

anticipating a temperature increase caused by a



di scharge an ink droplet to performrecording, conprising: heat means for
heating the recordi ng head; an electronic elenent for supplying an energy
to the recordi ng head; tenperature neasurenent nmeans for nmeasuring a.
tenperature of the electronic elenent; and control means for estimating a
tenperature of the recording head. gn 1 he basis of the tenperature of the
el ectronic el enent neasured by the tenperature neasurenent neans. BRI EF
DESCRI PTION OF THE DRAWNGS: Fig. 1 is a schematic perspective view-of an
arrangenment suitable for the present invention; Fig. 2 is an expl oded

per spect| Ve Ml SALIILAGE SHILAD S Otaldle WUETOILLOKCON ORe -0

Fig. 3 is a perspec Vi eWw show ng an asse ge shown in

Fig. 20 FlOpdsis & PASRSLIAY eyl ol - dR U | e PRELARNZGEAN T K- ] et

unit I1JU;, Fig. 5is a vi or explalning a nounting operation of the

cartridge | JhbdsutemabPadns; dad. 6 is a perspective view show ng an
out er appearance of an apparatus suitable for the present invention; Fig. 7

IS a perspective wvéamperdtrd eLctedge hopdtettion Sméana Soet Lanakingew
showing in detail Fig. 7;*

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
present invention, there is provided an ink-jet
recording apparatus for causing a recording head to
discharge an ink droplet to perform recording,
compriﬁing:

heat means for heating the recording head;

. | an electronic element for supplying an enexgy to
the recording head;

temperature measurement means for measuring a
temperature of the electronic element; and

control means for estimating a temperaturé of the
recorﬁing head on the basis of the temperature of the

electronic element measured by the temperature

measurement means.

BRIEF DESCRIPTION OF THE DRA*INGS:

Fig. 1 is a schematic perspective view of an
. arrangement suitable for the present invention;
Fig. 2 is an exploded perspective view of a

cartridge suitable for the present invention;



Fig. 9 is a sectional view show ng another arrangenent of the recording
head; Fig. 10 is a graph showi ng a change in tenperature of the. recording
head obt ai ned when tenperature control before printing is perforned; Figs.
11 and 17 are graphs showing a change in tenperature of the recordi ng head
obt ai ned when only tenperature control during printing is perfornmed; Figs.
12 and 18 are graphs showing a chabge in tenperature control of the
recordi ng head obtai ned when only tenperature control before printing and
tenperature control during printing are perfornmed; Fig. 13 is a graph
showi ng a change in tenperature of the recordi ng head obtai ned when no
tenperature cont Fal.i § per hopardpectivel®iewFshowihg @na agsggplshowi ng a
change in tenperature of the recordi ng head obtai ned when a print operation
i s performe@fatder gengridgehehbivnsinefbadi @ent; Fig. 15 is a flow chart
showi ng tenperature control according to the first enbodi nent of. the
present inventi ofi9Fi 4. 1862 PeFSERSHAVEhYhEHg O&n PRI REHBY t he
recordi ng head;. Fi.gs. .19A tqQ 19C are graphs showi ng a change in tenperature
of the recoF%?ﬁ& ﬁggdjﬁﬁtgpﬁéd%ﬂﬁén printing i s perforned according to the

second embodi mentegf, WeaPLESEM EBLCUEALshg & Rdihebdd OW chart shovi ng
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;

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;

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
temper&ture control 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;

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

control is performed;



control according to the second enbodi nent of the present invention; Fig.
21 is a block diagram showi ng a control arrangenent suitable for the
present invention; Figs. 22, 23, and 25 are graphs showi ng a change in
tenperature in the nachine near a tenperature sensor, and a change in
tenperature of the recording head; jGig. 24 is a flow chart show ng
tenperature control according to the third enbodi nent of the present
invention; Fig. 26 is a graph showing a change in tenperature in the
machi ne near a tenperature sensor and a change in correction tenperature;

Fig. 27 is atim qrt. shomnn s far rf '
control; Fig. 28 E?% a t| M ng gﬁg E;o"g‘ﬁla outcg% ‘#g Erpngts%nperat ure
control pul 3#s.ed g:ec%%:d'%ga QW B! eﬁh%\ﬂeﬂﬂ d P AldBEcLONH Ol

according to the fourth e nent 0 e present |nvent|on Fig. 30 is a
graph show rigs %léﬁuhﬂédbraaic%d:d;@;@p%atﬂhree fAfrst reagesdlimen®ead according to

a print rate; 31 is a graph showing an increase and a decrease in
t enper at ure of thhg edd disha etk ateardisipwing teengperdtusee; Figs. 32 and
33 are flow charts showi ng tenperature control according to the fifth
enbodi nent 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. 13A to 19C are graphs showing a change in
temperature of the recording head cbtained 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
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
sensdr, 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;
Fig. 26 is a graph showing a change in temperature
in the machine near a temperature sensor and a change

in correction temperature;



of the present invention; Fig. 34 is a perspective view show ng an ink-jet .
recordi ng apparatus suitable for carrying out tenperature control according
to the sixth enbodi nent 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 rel agi gnship between a tenperature of the
recordi ng head shown in Fig. 34 and a tenperature of a power transistor for
driving a discharge heater; Fig. 37 is a bl ock diagram show ng a
tenperature -12- control systemof the recording head shown in Fig. 34;

Fig. 38 is a partj.al rspective _view show a_struct. recordi ng
head for perforn&h&‘t%ﬁpéﬁaFuFéméﬁﬁtFBFrgcéggHFﬁg f%‘ﬁﬁgﬁég%gﬁth enbodi nent
of the pres .Q¥S?§i - Fig,. 39 i ctional view of a printed circuit
board accor?%%fix) eq%%$§%%ﬁu§%b8§9%§%§’of the present invention; Fig. 40
is a block di agrappf 2 H%FB?E&&&&% ggg&&pghsﬁyﬂan li fianiryd he seventh

enbodi nent of the present i1nventio I gs. 41A and 41B are sectional views
of a printedidsifdraiigied dentddln plgedi;ght h enbodi nent of the present

invention; Fig. 42 is a sectional view of a printed circuit board used in
the ninth enbodi rert. f9 tilse apridsenichart 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
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

i 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 aécording to the sixth embodiment

.. 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
Fig. 34 and a temperature of a power ;ransistor for

driving a discharge heater:

Fig. 37 is a block diagram showing a temperature



i nvention; and Fig. 43 is a block diagramof a control system according to
the ninth enbodi nent of the present invention. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS: Figs. 2 to 6 are views for explaining an ink-jet
unit 1JU, an ink-jet head 1JH, an ink tank IT, an ink-jet cartridge 1JC, an
I nk-j et recording apparatus main body IJRA, and a carriage HC, and the

rel ati onshi p anong t hese conponents. The arrangenent of these portions wll
be described below with reference to - 13 - Figs. 2 to 6. The ink-jet
cartridge 1JCin this enbodi mrent has an increased ink storage ratio, as can
be seen fromthe perspective view of Fig. 3, and has a_shape in which the
di stal end poRtioh sYstem ¢ﬁkt@Qﬂer¢IdiQHJE¢¢%h§¥?wﬁrbﬁeggg fSéﬁ\the front
surface of the ink tank | T. The ink-jet cartridge lJC is fi.xed_and
supported by a pBafti 8Ri Y AcBRASCERY RPEIREFLAY cEﬁFﬁb?Eof?ngg descri bed

| ater) of the carriage_HC aced_on the ink:h t recording

Fig. .5 |
appar at us nﬁFﬁuﬁﬁﬂﬁelﬁﬁwe ﬁégng%?p%Q sﬁ%ﬁag?gf?§ﬁé ich can be
ot anganent FePEeRALERS, GPRERRL AGERETERE SR chey Sodefity Bnboathadeent show

i have been made I n

EStab'VS“”EBE_eﬁgtEQFE&ﬁéeﬁﬁvégﬁfa Lon are applied, the overall arrangenent
€ e

w Il be describe ow whi rieffy explaining these arrangenents.
Fig. 39 is a secticnal view of a printed circuit

board according to the seventh embodiment of the
present invention;

Fig. 40 is % block diagram of a temperature
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;

. | 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
invention.

: ~
DETAILED 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
main body IJRA, and a carriage HC, and_the relationship
among these components. The arrangement of these

portions will be described below with reference to



(i) Arrangenent of Ink-jet Unit IJU The ink-jet unit 1JU is a bubble-jet
type unit for perform ng recording using an el ectrothermal conversion

el enent for generating a heat energy for causing filmboiling of an ink
according to an electrical signal. In Fig. 2, a heater board 100 is
prepared by formng a plurality gflglgctrothernal conversion el enent arrays
(di scharge heater), a tenperature Control heater, and Al electrical wrings
for supplying an electric power to these heaters on an Si substrate - 14
- by afilmformation technique. A wring circuit board 200 is arranged
for the heater board 100, and has wirings corresponding to those of the
heat er boar §%60 @et§. 5-these wirings are connected by w re bonding), and

pads 201, located at ,the end portions of these w rings,.for j Vi ng
el ectri cal signap?efﬁﬁgrﬂﬁ§ SpFparicge ﬁﬁFnlBo&?F%A?ﬁ#ﬁ%ﬁﬁFW%gﬁb ate 1300

on which partition wall,s.for dividin .pl ural i [ onmon
I nk clhanbgr,aniar"]LI %F 5‘sﬁdké' rg%l?%%g:?gg‘&%ﬁ%éu %rlme (by;/e :%{%g?éal{% &Frlnﬁcdi ng an

| nk recept i Qa0 el 30 iy LR0RY NG 20l aMIRD!dRhd TN ditiad nk tank and

guiding it o the common ink ch an orifice plate 400 having a
plurality oftnd YGRAA1E R LortASrd JFRitdld dnid-Ofed Rirtit atdy smighitly t hese

conponents, polysulfone is preferable, but other nolding resin materials
may be usedprdjeita fanmpathie fdndr sUHFaweppd tthd hienk ettank IT. '
The ink-jet cartridge IJC is fixed ;nd supported by a
positioning means and electrical contacts (to be
described later) of the carriage HC (Fig. 5) placed on
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
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
perfoiming recording using an electrothermal conversion
element for generating a heat energy for causing film
boiling of an ink accoxrding to an electrical signal.

In Fig. 2, a heater board 100 is prepared by
forming a plurality of electrothermal conversion
element arrays (discharge heater), a temperature
control heater, and Al electrical wiriﬁgs for supplying

an electric power to these heaters on an Si substrate



surface of the wiring circuit board 200 on a plane, and serves as a bottom
plate of the ink-jet unit. A pressing spring 500 has an M shape, and
presses the comon ink chanber at the central portion of its "XEM shape at
a low pressure. In addition, an apron portion 501 of the spring 500 presses
a portion of an ink path at a line pressure. The | eg portions of the
pressing spring are engaged with thesrear surface side of the support
menber 300 via holes 3121 of the support menber 300 to - 15 - sandw ch

t he heater board 100 and the top plate 1300 t herebetween, thereby engagi ng
t hese conponents. Thus, the heater board 100 and the top plate 1300 are

pressed and fixed hy the biasing force of th r.essi SpL a-and its
apron portio YBGlﬁl¥WeggﬁﬂﬁﬁﬁPnn§ﬁE€Pl§@@'ha (ﬁﬁﬁﬁéﬁ%é%?$£€es Sf%, 1900,
and 2000 whi r.e r tivel a | Jey t Qs d 1 1 Ng |
proj ections %fg l%f a?%%i%r?ﬁ t%é%"k fﬂ,% 9%%&‘%%2;' t onil\r,%J Jé)md t hermal fusion

bondi ng proj eatisons L00.anolidl; TSHRPQS (RN 800 Bdand 000

positioning projections 2 he carriage HC of the apparatus
mai n body | JF(A;_Q{‘L J thdRARriRC Grd citlidtial by heiseppondingper 300 has
a hole 320 for allowi ng an ink supply pipe 2200 (to be described | ater)

ext endi ng t hesret hpadiglealy, deppitediat hd ramd thertidns apk. th@sewi ring
circuit board 200 is nounted on the support menber 300 by adhesi on using an
adhesi ve. Notwitings s &S scenmiviong eusttricahes sampbst LHEBHER®300 are

formed near the positioning projections 2500 and 2600.
apparatus main body.

A grooved top plate 1300, on which partition walls
for dividing a plurality of ink paths, a common ink
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 plurélity of discharge ports. As a material

e for integrally molding these components, polysulfone is-
preferable, but other molding resin materials may be
used.

A metal support member 300 supports the rear

surfagé of the wiring circuit board 200 on a plane, and
serveé 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 portion of an ink path at a -
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



These recess portions are present on a plurality of extending |ines of .
paral |l el grooves 3000 and 3001 forned on the three side surfaces around the
distal end region of the head portion of the assenbled ink-jet cartridge
IJC (Fig. 3). For this reason, unnecessary matters such as dust or an
unnecessary ink noved al ong the parallel grooves 3000 and 3001 are
prevented fromreaching the profek?ions 2500 and 2600.- A |id nenber 800
on which the parallel groove 3000 is fornmed defines an outer wall of the
ink-jet cartridge 1JC, as can be seen fromFig. 5 and also defines a space
portion for storing the ink-jet unit 1JU together wwth the ink tank IT. An

i Nk suppl y saedaech6@lcOnenhbehnbhedpacal kad gheotep3PQaties 1360ned forns an
i nk gui de pi pe 1600 continuous with the ink supply pipe 2200 as a

cant i | ever thieirebeitwebinyethatrebifeeagppingpthese2oompoaentgnd Fhddal i ng pin
602 for assuring a capillarity between the fixed portion of the ink guide
pi pe and t t¥&e Measespbpapidpd 08280di shensept pdath Eﬁ@onéﬁﬁbﬁrﬁﬁﬁﬁdNote t hat
a packing 601 provides a coupling seal betweep the ink tank I.T and the

suppl y pi p@rsbFd-xegh fYathe Péasing £or5er 8fyEReaPTERE B B5i%n on the
id f the tank of, th | i.pe. _Si he i.nk 600
Tormed by SAGAR i APRRLEhaRRR. SUAae  Argh SHBeaHt ek o P 0 12

can ol 1 nals, BARYRa8G.d RARCIAN hd NP B i dkaddl i on,

Ul as cantil’ever structure, a pressing

contact st aﬁe‘%ﬁgcﬁi%lg}”éi’&a@e@ w90 QAR pggg_tiirahj_rr@eept I on
projections 1012 of the ink tank IT, and positioning
and thermal fusion bonding projections 1800 and 1801.
The support member 300 also has positioning projections
2500 and 2600 for the carriage EC 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
thérethrough.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.
These ﬁecess 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

A 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



port 1500 can be stabilized. Thus, the ink supply nenber 600 is al so
suitabl e for mass-production. In this enbodi nent, a sealing adhesive is fed"
fromthe ink supply nmenber side in this pressing contact state, thus
reliably attaining a conplete comruni cation state. The ink supply nmenber

600 can be easily fixed to the - 17 - support nmenber 300 in such a

manner that pins (not shown) orr tUse +ear surface of the ink supply nenmber
proj ect through holes 1901 and 1902 of the support nenber 300, and the
projecting portions on the rear surface of the support nmenber 300 are
thermally fused. The small thermally fused projection regions on the rear

surface p@Od @ GHLAE HUSAEIIN G (feRSfe (JUU0 STOWYrmédt defiabs surface
of the ink tank I'T on which the ink Jet unit IJUis nounted. Therefore, a

posi ti oni e surtear evadfl tdfe tHy tidkHjennchermidpe SBI¢, abtaknede (ii)
Arrangenent of Ink Tank IT The ink tank is constituted by a cartridge nain
body 1000,sesm ifdomisior bef, F00] akmb ad¢fine®ndesPagePPSEigBalPHg t he ink
absorber 900 after the ink absorber is inserted froma side surface
opposi te tsEaziaqfite | Ik rigmtwmig sLFY deegetheRewi it FR8gétatf™ody 1000.

The ink absorber 900 inpregnates an ink, and |s aryanged &E #he cartridge
mai n body EDO0.AR UpFIPRBY tmemlrr 50| PR sWhHCR nkReoPRRBaffit 1 JU

RN YR R ERER O R SR R R
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
"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
of the tank of the supply pipe.

Since tﬁe ink supply member 600 is formed by
molding, it is inexpensive, has high positioning
precision, and can eliminate a decrease in precision in
the maqufacture. In addition, since the ink guide pipe
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. In
this embodiment, a sealing adhesive is fed from the ink
supply member side in this bressing contact state, thus
reliably attaining a complete communication state. The

ink supply member 600 can be easily fixed to the



the supply port 1200 before the unit is arranged on a portion 1010 of the
cartridge main body 1000, an ink is inpregnated in the absorber 900. In

t his enbodi ment, portions capable of supplying an ink are an air

comuni cation port 1401 and this supply port 1200. In order to
satisfactorily supply an ink fromthe ink absorber, an intra-tank air

regi on defined by ribs 2300 in [hﬁ7W@ n body 1000 and partial ribs 2301 and
2302 of the lid portion 1100 is fornmed to be continuous with the air
comuni cation port 1401 side over a corner area farthest fromthe ink
supply port 1200. Therefore, it is inportant to relatively satisfactorily
and uniformy supply an ink to the absorber fromthe side of the supply
port 1200. SHERCTTetRRPen 3AL inefsusdy jay @manmexr Fha® iRidS ARt cation. The

ribs 2300 include four, ribs parallel to the noving directiqn of the

carri age, vﬁI}f%"ﬂ" (B OIS EFETN THEASH Rfcdhe ’ﬂ%‘esg@fﬁlybé‘?el‘&?ﬁ?: of the ink

tank main . t.o_Jprev, t.he b f.rombeing in right

contact wi %%%%%ﬁoc%%th]hees i ﬁé‘rdt ﬁgﬁﬁfﬁre 1:r%er 2P bs 2301 and

2302 are sigahidd Y r ' . SUr Egg @{;t ' er 1100 on

t he correspondi nJJ'g-; %i?’e%;m}él %&%ﬁ{gé S O,J}ﬁutl[}{%rég%vi ded unli ke

the ribs 2300rtdcé Nef 0aee Alppthft SRAMFEAS AP HRY %éﬁn&fﬁ; r$d5e2300. Note
su

that the partial ribs 2301 and 2302 are di spersed on a face portion 1/2
or |ess therteatsmel s uriaaea iy tHitsdd bredrdichl Gagildd ddegaribs, an ink

in a corner area farthest fromthe ink supply port 1200 of the ink absorber
can 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
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 lid member 1100
for sealing the ink absorber 900 after the ink absorber
is inserted from a side surface oppoéite to the unit
IJU mounting surface of the cartridge main body 1000.

The ink absorber 900 impregnates an ink, and is
arranged in the cartridge main body 1000. A supply
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 arranged on a
portion 1010 of the cartridge main body 1000, an ink is
impregnated in the absorber 900.

In this embodiment, portions capable of supplying

an ink are an air communication port 1401 and this



reliably guided toward the supply port 1200 by a capillarity force while
being stabilized. The air conmunication port 1401 is fornmed in the lid
menber to cause the interior of the cartridge to conmmunicate with outer
air. A waterproof nenber 1400 is arranged inside the air communication port
1401 to prevent an ink fromleaking fromthe air comrunication port 1401.
An ink storage space of the ink+td%-1T has a rectangul ar shape, and its

| ong side corresponds to a side surface. Therefore, the above-nentioned
arrangenment of the ribs are particularly effective. Wen the storage space
has a long side parallel to the noving direction of the carriage, or has a

cubi ¢ shapesuggley rdd¥sc argyd or il Pudh e riatiss fdctowiiersdddity tan st abi | i ze
i nk supply fromthe ink absorber 900. In order to store an ink inalimted

space as miatk afrgmsid| imk aalsdrtershape irtraitait e2iovRyiedn in order to
efficiently use the stored ink for recording, as described above, it is
i mport ant tdefined rhpscidepadl @0 ofn pend araimdradie BN can R TRl operation

on two surface regions adjacent to the corner portion. Furtherpore, the
ribs 2301 artb23d30brande3fReet sthe akbied @ORHEOT nkl 8 Anks | FoFRed HFS
enbodi nent are arranged at_ an alnost uniformdistribution wjh respect to
the directiBf SPREHPERMRSELER Hhe %iEH??WWHE%&EE&%%rPQEE:l*@.ssﬁgéuctyre i s
rospect 1o PRRECBNSTRBEE OREGR FRECDVEY st TORLERF LEve EREPSLPRRe an Ink
residue aln?ﬁ&o?er@herefore, it is important to relatively

satisfactorily and uniformly supply an ink to the

absorber from the side of the supply port 1200. . This

method is very effective in a practiéal applicétion.

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

coﬁtact'with the surface of the rear portion. The

paztial 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

divide§ unlike the ribs 2300 to increase an air space

as 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 mémber 1100.

With these ribs, an ink in a corner area farthest from

the ink supply port 1200 of the ink absorber can

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



Furthernmore, the technical idea of the arrangenent of the ribs will be
descri bed below in nore detail. Wen an arc having a long side as a radius
is drawn to have a position obtained by projecting the ink supply port 1200
of the ink tank onto the square upper surface of the cube as the center, it
Is inportant to arrange the above-nentioned ribs on a surface portion
outside the arc so that an atnospherig pressure is given earlier to the
absorber portion located outside the arc. In this case, the position of the
air comruni cation port 1401 of the tank is not. limted to that of this
enbodi nent as long as air can be introduced to the rib arrangenent -region.

In this enbodiigLy . e d4ok-jet cartridge |JC has «8ulfage
portion with res pec‘%ﬁét]oum{r%e”aao ot}?‘ﬁ n%ﬁ%rel%&%e%(gség%uégg%eémﬁéﬁ it is

assenbl ed in $@eeAPPAF At US < Qo%@éﬁéﬁ&& 4 h§K: St SLRIRGAAPYRL 1 de
I S enbodi I

Therefore, the cartridge of t ment has an excellent structure

since the appeliatabsr codmien 1 &NERs e bEOIPELi1 ehdpAavarehangenkr egygncy of
cartridges can be decreased. A-projecting portion for the air communi cation

port 1401 is leakimg bfremitheiafr acdmminpeation péra space for integrating
the ink-jet unit 1JU, and the interior of the projecting portion is

hol | owed to form ain aimpspterage pspacaref stipal inkptask12W2héer at he t ot al
thi ckness of the absorber 900, as described above. Wth this arrangenent,
an excel | ent ESFERRO¥ERGLFRIPCanted Lies r bong zeideycencespandst Fona

side surface. Therefore, the above-mentioned
arrangement of the ribs are particularly effective.
When the storage space has a long side parallel to the
moving direction of the carriage, or'has a_cubic shape,
the ribs are formed on the entire lid member 1100 to
stabilize ink supply from the ink absorber 300. In
order to store an ink in a limited space as much as
possible, a cubic shape is suitable. However, in order
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
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
S00. This structure is important since it can uniform
an atmospheric pressure distribution with respect to
ink consumption of the overall absorbe;, and can make

an ink residue almost zero.

Furthermore, the technical jidea of the arrangement



- 21 - technique can be provided. Note that the atnospheric pressure supply
space 1402 is considerably larger than a conventional one, and the air
comuni cation port 1401 is | ocated above this space. Therefore, even if an
ink is released fromthe absorber due to any abnormality, the atnospheric
pressure supply space 1402 can tqﬁporarlly store the released ink, and can
reliably recover it to the absorber.” Thus, an efficient cartridge can be
provi ded. Fig. 4 shows an arrangenent of the unit | JQ nounting surface of
the ink tank IT. If a straight |ine which passes alnpst the center of a
projecting port of the orifice plate 400 and is parall to,the bottom
surface ofof Hée arikos Tidkl the daranibep gl ende RFT %% t2Ht the surface of

the carria is represented by L1, the tmo p05|t onlng PsQhegt Lgns 1012 to
be engaged'%'\‘/ﬁ’t h’l’t %‘%d‘r%‘é’-‘%&l? o]fc”ii'nes ?‘é’) %Te‘sﬁo%gt ed on the

Sl | or AR i PRI SRR Jth e‘?‘,%%‘?féé’#%‘fé %%sl%%dg?ﬁ?% B oj ect i on
bngag ﬁgi%%iﬁf’%oéf P L e B e T o R ocat ed
on the extgpding &hibe 26 the sénebshtitipe L&xﬁéf]:aﬁﬁ tbi argmageng, so that
a positioning force for the carriage acts on surface region parall el to
the referesg@ 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. In this case, the position of the air

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 regiomn.’

In this embodiment, the ink-jet cartridge IJC has

a flat reér surface portion with respect tc the head to

minimize a necessary space when it is assembled in the

apparatus, and to maximize an ink storage amount.

Therefdre, the cartridge of this embodiment has an

excellent structure since the apparatus can be rendered

compact, and an exchange frequency of cartridges can be

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

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



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

di scharge port of the head. Projections 1800 and 1801 of the ink tank
corresponding to the fixing holes 1900 and 2000 of the support nenber 300
to the side surface of the ink tank2are | onger than the.above-nentioned
projections 1012, and extend through the support nenber 300. The
projecting portions of these projections are thermally fused to fix the
support nenber 300 on the side surface of the ink tank. Wen a straight

| i ne perpendi : oye: poned line L[err] and passing the

proj ection 1%%%h?éq%§p%g§e%?eéggggﬁéaénd a straight |line passing through
the projection 18@&ciS thaRr Q%%ma%oléﬁhle&:ﬂ:r bresisoece auppdly tsipaceent er of
the supply port 1200 is located on the straight line L[err], the

above- ment i ondd2phig eehisaderabdli llazgexr chapnl angosivends ivmale@ne,he supply
port 1200 and the supply pipe 2200, and can reduce a | oad caused by

droppi ng or amhahe tadrt emmmmildatdost goxt lddll tisnddqatedradiasieabl e
arrangenment. The straight lines L[err] and L3 do not coincide with each
other, and tH&is sipaeE -onShEsEEc®l BY®R dife asy ddentiiRARPIS% 57 ecti ons
1012 on the diischarge port_ side of the head |JH, thus reinfq{an a
posi tioni ng &l APSFRST dendq AFKAINFIGIHRY 1 i fHmOSPher

pressure supply space 1402 can temporarily store the

released ink, and can reliably recover it to the
absorber. Thus, an efficient cartridge can be
.- provided.
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
bottom surface of the tank IT or the mounting reference
surface for the surface of the éarriage is represented
by Ly, the two positioning projections 1012 to be
engaged with the holes 312 of the support member 300
are located on the straight line L;. The height of
eachiérojection 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
the extending line of the straight line L, on this
drawing, so that a positioning force for the carriage

acts on a surface region parallel to the reference



-23 - tank. Note that a curve indicated by L4 represents an outer wall
position when the ink supply nmenber 600 is nounted. Since the projections
1800 and 1801 are present along the curve L[err], they can provide a
sufficient mechanical strength and position precision against to the weight
of the arrangenent on the distal end side of the head IJH Note that a
distal end collar 2700 of the inkstank IT is inserted in a hole of a front
pl ate 4000 of the carriage HC to cope with an abnornal state wherein the
ink tank is extraordinarily displaced. A renoval stopper 2101 for the
carriage HC is arranged near a bar (not shown) of the carriage EC, - and
serves as a projection nmenber which is_inserted be inl% at a

posi ti on mﬁ@FéaFﬁel&&#?ﬁ#ﬂgetbSC5F§a%EFﬁe&l&ﬁd un d as W be
descri bed later,

d f
for rel easitgTHES ga}P §§ew?F§nFF%g%%%kn% 8t%§§|t|dn aCC|d22tgFr€ractgrc$he
I nk tank lLef%ﬁE%%%Eﬁg FIQ t %e g g?g SR 2 idifiyt 1JU s
e ape

nount ed t héreon R surro ndlng the unit 1JU

excl udi ng %ﬂe@ﬁl%o@?& hfeor i@ alniK jselecRrdd idie 4o Ghat ne® a | over
openi ng tobe nounted on tHe carriage HC is adjacent to the carriage HC, a

subst ant i ald W ifsdNadtRy port ofnded e is formed. Therefore, heat
generated by the head I'JH |l ocated in the surrounded space is effective for
keepi ng a tenpermidfjertionshil8odpacel MB0L of t2ke -ink 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,
and e#tend 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 ﬁank. When a straight line perpendicular to
the above-mentioned line L, and.passing the projection
1800 is represented by L and a straight line passing
through the projection 1801 is represented by L,, since
almost the center of the supply port 1200 is located on
the straight line Li, the above-mentioned projections
stabilize a coupling state between the supply port 1200
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
. present around the projections 1012 on the discharge
port side of the head IJH, thus reinforcing a

positioning effect of the head IJH with respect to the



corresponds to a small tenperature increase when the apparatus is
continuously used for a long period of tinme. For this reason, in order to
assi st natural heat dissipation of the support nenber, a slit 1700 having a
smaller width than this space is forned, so that a uniformtenperature
distribution of the entire unit 1JU.does not depend on an environnment while
preventing a tenperature increase.” Wien the ink-jet cartridge 1JCis
assenbled, an ink is supplied fromthe interior of the cartridge into the
supply menber 600 via the supply port 1200, the hole 320 fornmed on the
support nenber 300, and an inlet port formed on the central rear surface of
the supply meRdRE- sofotaf ekt thecurie Jatica et RIghte MEePRRSRRET ¥ the

supply menber 600, it _flows_into the caommon i nk chanber via appropriate
suppl y pi pe aﬂﬂt?ﬁew?%i P%%b%%?%ﬁ“ﬁﬂ%ﬂﬂ¥506ﬂ6f5%$%f¥dﬁaﬁP%fe§Q%08£ Packi ngs

f e qg.. sil] bb tyl rubb d, i ted
Dortions for TARESH Nt EATE oFRT IPTIERTUR 800 qerant 894 8% ot ovi di ng a
|t i nk | t hi i : t late i

o et of o Br8RehB A PHRE KnBilye ) 1l h P EEh TBEOv16a0a O B o et

oxi de, pel yprgop¥keseene mbhRahi kSl é%&bﬁggﬁiayatgasﬁaﬁbu peLkdedigy nol ds

together with the orifice plate portion 400. As described above, since the
integral |y nohgadinst to2Bhe-w@dght &f ethdcaifingeighy SRMbRe 808tann

I nt egrated
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
abnormal state wherein the ink tank is extraordinarily
displaced. A removal stopper 2101 for the carriagg BC
is arranged near a bar (not shown) of‘the carriage EHC,
and serves as a projection member which is inserted
below this bar at a position where the cartridge IJC is
ﬁurned and mounted, as will be described later, and
maintains a méunting state even when an upward force
for releasing the carriage from the aligned position
accidentally acts.

The ink tank IT is covered with the lid member 800
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 1JC, since a
lower opening to be mounted on the carriage HC is
adjacent to the carriage HC, a substantially four-way
surrounded space is formed. Therefore, heat generated
by the head IJH located in the surrouﬁded space is

effective for keeping a temperature in this space but



menber of the top plate 1300 and the orifice plate 400, and the ink tank
mai n body 1000, high assenbly precision can be attained, and quality in
mass- production can be inproved. Since the nunber of parts can be
decreased, excellent 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 forned between-afdupper surface portion 603 of the ink
supply nmenber 600 and an end portion 4008 of a roof portion having the slit
1700 of the ink tank I T, as shown in Fig. 3, and a slit simlar to the slit
Sis fornmed between a | ower surface portion 604 and a head end portion 4011
of a thin pladeresmets tup whista Ihe dmpearatdunce isrgasHRAR tHEink tank I T
i s adhered. These slits between the ink tank I T and the ipnk, supply menber
600 essent i APPRIREEDIIT FPIPeTEITIY fugedrimtd nPRERSF It atton of the
slit 1700, and can ﬁrevenj an unnecessary pressure agglie? to.-the tank IT
from direct | §iB®pl yIH LY REASMH \LHEHRST ST TR T ke F Rt e2FJu. In
any case, the above arrangenents of this enbodi pept. ar i . 0pnes, can

i ndependent | - HF 502 HEOA A NtRG SUPRART c‘%‘?fﬁé?gb %I‘%i'ljl' ef-éygyg#‘g%?i%
arrangenent as whol e, (il untin Kaj rLgi |4JC to Carri age
HC In Fi4qg. S?m%iﬁfﬁt%hdF%I#génS gﬁgﬁgé %grgégéﬁgﬁggé Q?SEGA- medi um P

froma |ower gl derl Lo b Atk 0%et QLRI fulloHPEE! thbdencibe aaiti agg HC is
g e platen
does not depend on an environment while preventing a
temperature increase.

When the ink-jet cartridge IJC is assembled, an
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
of 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
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
simultaneously molded by molds together with the

orifice plate portion 40Q0.

As described above, since the integrally molded



roll er 5000, and is provided with the front plate 4000 (thickness = 2 nm

| ocated on the front surface side of the ink-jet cartridge 1JC on the side
of the front platen of the carriage, an electrical connecting portion
support plate 4003 for holding a flexible sheet 4005 conprising pads 2011
corresponding to the pads 201 of the wiring circuit board 200 of the
cartridge 1JC and a rubber pad sheet 28007 for generating an elastic force
for pressing the sheet 4005 agai nst the pads 2011 fromthe rear surface
side, and the positioning hook 4001 for fixing the ink-jet cartridge 1JCto
the recording position. The front plate 4000 has two positioning projection
surfaces 4010 PRSI dig ink tSHPlHo wenliRii i600sd posidteyratedr oj ecti ons
2500 and 2600 of the support nenber 300 of the cartridge. After the
cartridge i s MR O Hihe rumpt pllatee I3dkianes the o ime whattec A, to the
projection surfaces 401Q. For this reason, a plurality of reinforcenent
ribs (not shoifd Hshgithe&ank eainopasty 0% otdgharassemkiied on the front

pl ate 4000 on the side of tﬁ? platen roller., These ribs also form head
protection prdTTrHIRP F3HHe PHFged R SR 2) froma front

o ace Pl Rlaln BRI e SRR LG SR ARG e Tt e
pLural ity of ISSTERIS dibn A, Wodh g SoRORELe |
projecting 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

L 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
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

z 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

8 arrangement as a whole. _

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

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



amount is decreased fromthe platen side toward the hook 4001. This also
serves to provide a function of inclining the cartridge nounting position,
as shown in Fig. 5. The support plate 4003 has two hook-side projection-
surfaces 4006 for applying a force to the cartridge in a direction opposite
to a direction of a force applied fromthe two positioning projection-
surfaces 4010 to the cartridge to Lf m a pad contact region between these
two positioning surfaces, and to U éuély define defornmati on amounts of

proj ections of the rubber pad sheet 4007, which projections correspond to

t he pads 2011. These positioning surfaces are in contact with the surface
of the wiring circuit board 200 when the cartridge 1JCis fixed at a
recordi ng pdR§it¥n.P | firemia kowed siede ofi the drewhadstoBaréfathe wiring
circuit board 200 ar e distributed to be symetrical _about the
above- ment i oWERCT | FiAe 1, The RroiaseiBh BRPYEorLPAE FR8j BERFBRS of the

of the pads SOLISE | PORFT caRtobRi REATLSth P Hucc30 1 EPBEQPLAFFOAPeR i n & 2 x
A Y P
and T hereat 1o o miued toeTReT oFTC o Bners heraT argn e EoRRAtEd hole

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 pbsitioning projections 2500 and

2600 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.

2+ For this reasen, a plurality of reinforcement 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



rol l er 5000, thereby positioning the ink-jet cartridge 1JC with respect to
the carriage HC. The hook 4001 may 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 roller, and the positioning

proj ections 2500 and 2600 are noved to positions where they can be brought
into contact with the positioning‘sd??ates 4010 of the front plate. Wen

t he hook 4001 is noved to the left, the 90 engagi ng surface 4002 is brought
into tight contact with the 90 surface of the pawl 2100 of the cartridge
IJC, and the cartridge 1JC is turned about the contact regi ons between the
posi tioni ng s#@®3ackas 2808wl ¥6¢ (ot nce ref drocement arips akelasneheinent er.
Finally, the pads .201 and 2011 begin to be brought into contact with each
ot her. Wen thelhBEBRELOD 10T stive| zbeyementelerednFiBa PBSi tRoRA, i.e., a
fixing positi a_conplete contact state between_t s_201 and 2011, a

conpl et e surfgtéeﬁﬁﬁ?%c9e§?%¥ 'ﬁ%%ﬁéeﬁh?ﬁ%tﬁosi%i5ﬁ$§§gggr?§88§cﬁﬁﬁﬁ and
4010, t wo- t st bet t 90 er. ' f 4002
and the 900 <HRPERE £P"hASERShAL h AEER, piRe2R R, SORAR Rl lean e
na JOU 00 t ] ' _cont . oo and
2008 aro of miPaRostofoC Mis Afso serdds) BPBropEREnd BURLREER 4RV, GOC

I JC with respegkiifaihgerhar Eh288:ide hb¥htORGapALYHS i MR, NaBOdYolhdinb IS @
schemati c perspective view of the .

Fig. 5.
| The support plate 4003 has two hock-side
projection surfaces 4006 for applying a force to the
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
the rubber pad sheet 4007, which projections correspond
to the pads 2011l. - These positioning surfaces are in
contact with the surface of the wiring circuit board
200 when the cartridge IJC is fixed at a recording
posi;ion. .In this embodiment, since the pads 201 of

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

matrix.

The hook 4001 has an elongated hole to be engaged



I nk-j et recording apparatus main body IJRA on which the above-nenti oned
cartridge is nounted. The carriage HC which is engaged with a spiral groove
5004 of a | ead screw 5005 rotated through driving force transm ssion gears
5011 and 5009 in cooperation with a forward/reverse rotation of a driving
not or 5013 has pins (not shown), and is reciprocally noved in directions of -
arrows a and b. A sheet pressing plate_ 5002 presses a sheet against the

pl aten roller 5000 al ong the carriagezﬂDVing di rection. Photocoupl ers 5007
and 5008 serve as hone position detection nmeans for detecting the presence
of a lever 5006 of the carriage HC in a corresponding region to swtch,
e.g., arotational direction of the nmotor 5013. A nenber 5016 supports. a
cap nenmber 502¥iftdr ac sFgitignery Bhefit 400Pace The hisek &fdiify Hemtbeda
suction neans 5015 draws the interior of this cap nenber, by Vﬁ%gun1suction,

i . e., performs SPERFAEIIFWESC SFoBpERgt LA gt ed RBTHFIRP M¥Ad t hr ough
an openi ng 5023 .i.n .t he cap nenber. A cleaning bl ade 5017, and, a nenper 5019
for allow ng t%%’fd@%@l?ﬁv&nge SPAFRLPE it @%é’tﬁ?%ﬁfh%%ﬁh ad}rab_ecft i on
oL PP o, dhsrenrt 1o W R N ol Mot get | L o
L eSS TG s At LR feebataad he
i s engaged withrddericd] It diCrolt8d @48 iyl HC. The hoock 4001 may

be moved in any other patterns, but may be preferably

moved by, e.g., a lever. When the hoock 4001 is

pivoted, the cartridge IJC is moved towaxrd the platen

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

80° engaging surface 4002 is brought into tight contact

with 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

each 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, 2

complete surface contact state between the positioning

surfaces 2500 and 4010, a two-surface contact state

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



IS subjected to novenent control by a known transm ssion nmeans such as a
clutch for switching a driving force fromthe driving notor. These cappi ng,
cl eani ng, and suction/recovery operations can be performed at their
correspondi ng positions upon operation of the |lead screw 5005 when the
carriage HC reaches the hone position regi on. However, any other neans may
be applied to this enbodi nent as‘Tdﬁ% as desired operatlons are performnmed
at known tinmings. The respective arrangenents described above are excel | ent
i nventions not only solely but also systematically, and are preferable ones
to apply the present invention. The present invention which can be applied
to the arrangesbhisnshgwsurfiaEegs4007tand W08 aredEiBHLFEARERESW wit h

reference to Fig. 1, Fig. 7, and subsequent draw ngs. Fi and 15,
and Tabl es 1faﬁae§rsﬁbwstﬁ@mple‘s{»n@nb@aﬁi%ﬁm%ft{lﬁeCBFe’rs‘gﬁt‘? ﬁ\?’g‘ntion. In

Fig. 1, a recorg g head 2 (1JH) is cougleg to an ink tank 1 (IT). As shown
in Fig. 7, tWe*fnk ?HﬁﬁtltathFhEarrlag 18 recording head 2 form an

integrated dkiﬁgsaBPRFg?Etr!ﬂgde arriage 3 (HC) is used to nmount the

cartridge on © X guide 4 scans the carriage in a

sub-scanning di r egki0ng Asl heXLRLRAEIN BabspUBRLES v I Nehesi gnal pul se

current and a hea enperature con urr nt to the recording head 2. A

printed circyif BRAr ¢ebozaiRy %%a%ﬁtﬁlseﬁlfaﬁ.h(:%hdy 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 dﬁiving force transmission
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 é_and b. A sheet pressing plate
5002 presses a sheet against the platen roller 5000
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 région to switch, e.qg.,
a rotational direction of the motor 5013. A member
5016.supports~a cap member 5022 for capping the front
surface of the recording head. A suction means 5015
draws the interior of this cap member by wvacuum
suction, i.e., performs a suction/recovery operation of
the recording head through an opening 5023 in the cap
member. 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 r



circuit for controlling the printer. A sensor 8 neasures an anbi ent _
tenperature in the printer. Fig. 7 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 forned by a sem conduct or

manuf acturi ng process is arranged on the upper surface of the support
menber 300. The heater board 100_cggyprises a tenperature control heater
(tenperature increase heater) 10 for keeping and controlling the
tenperature of the recording head 2. The wiring circuit board 200 is
arranged on the support nenber 300. The wiring circuit board 200, the

t t I t , I sch -el; glagctricall
connect ed by SSB°5%. PAAEE. BOAr ngTeh: PRGS AFernb: SeRGuT. Pho Fenper atur o
control heaber ci9sMayrle; hahIRALRY 200R6IRIcEeHRRLY! HIRkRemagilticch 1 S

formed in a proces erent ‘from t hat r the heater board 100, to, e.g.,

the support agpihen 2380+thas ehSWAikBnEl Jas%a matted?of Adutsd.e ™ is fornmed
upon heating of the discharge heater 13. " The bubble 14 is then di schar ged

as an ink dieplest 5021 Ascagdntonktabanbhe $Acipml/ms=crenink to be
di scharged into the recording head. Open-|loop tenperature control according
to the firsopadardiomntandg lils mevedi ebby nevemebndd dfelowan $42{ s
embodi nent, in order to control the tenperature of the recormrgafead to a
t ar get which is engaged with the carriage HC. The lever 5

is subjected to movement control by a known

transmission means such as a clutch for switching a

driving force from the driving motor.

These capping, cleaning, and suction/recovery
operations can be performed at their corresponding
positiops 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
embodiment as long as desired operations ére 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.

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
first embodiment of the present invention. In 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



tenperature determ ned by concerning discharge characteristics, e.g., a .
print density, tenperature control before printing and tenperature contro
during printing are performed. In the tenperature control before printing,
a heating anmount of the tenperature control heater is determ ned on the
basis of a |apse of tinme fromthe previous printing operation (wait tine
and non-print tinme) and the preseat3anbi ent tenperature,- and heating is
performed i medi ately before printing. In the tenperature control during
printing, the heating anobunt is determ ned on the basis of the | apse of
time fromthe previous printing operation and the present anbient °

tenperature, -apd-Beabl RdakSPebiar BRI fUbLRELBE! BisP@sadleri ng printing”
means not only an 1 nStance when printing i's actually perfornmed (a heating
period of a pai-RkiBgaterh, chekiahsoia geni es abeapevamoamtpetieods for
performng printing, e.g., an acceleration or deceleration period of the
carri age, andazxtiédegesen the pFintper madni bodybi difr gutiden® S®EnN® node.
Table 1 Tenperature Control Data Table Before Printing Ambient Tenperature
25[err]C 2%he carriage7in a3fmbrECapning directien. th flegdibi®t Tine

hi gher 21[err]C_ 17[err]C_13[err] C higher 0 or 120 sec or nore 0% 40%
60Z 80% 1G@¥L60 6t suppdigsca driving sggnaly Gilse@HETBHo.2 BG% 30 to 60

sec 0 0% 20% 40% _60% 15 to 30 ,sec di hoc@ 0%
0% 20% A@®ad temperature control current to the recording hea

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
shows the disposable cartridge. In Fig. 7, .2 nozzle
portion 7 discharges ink droplets.
Fig. 8 shows the recording head 2 in detail. The

heater board 100 formed by a2 semiconductor

- manufacturing process is arranged on the upper surface
of the support member 300. The heater boaxd 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 support'member
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
in a process different from that for the heater board
100, to, e.g., the support member 300, as shown in

Fig. S.



15 sec or less 0% % O% 20% Table 2 Tenperature Control
Data Table During Printing Anbient Tenperature 25C 25 21 17

13[err] C or to to to or Print Tine hi gher 21[err]C
17[err]C 13[err]C higher 0 to 60 sec % 60% 80% 90% 100%
60 to 360 sec 0% 30% 40% 45% 50% 360 sec or nore ’

0% 20% 30% 35% 40% Tabl es-13and 2 show control paraneter data

t abl es used when the tenperature control operations before and during
printing are performed, and these tables are stored in a ROM In each
tabl e, "100% represents supply of a maxi num energy, and "0% represents
supply of no energybubblehiia egbgdifiedt upan &eargyngs@fplsheanount is
controll ed according to an energization time (heati pul se width) to the
tenperature ¢dschelrgeeaearerl n3t.he Thenpebailer & 4cdst rt&eme#:@r@qmqq. ng, a
maxi mum energi zation tine is set to be about 6 sec, and in the tenperature
control duri®§ @A Ankngdropdleits 1§et RocHEmM@BoH k| SRaRkar #@nﬁ?ﬁﬂﬁ&eﬁhe
energy supply anmount nay be controlled by an energizati vpltage in -
34 - place o™ H&keter B, SiisshargRe 19odyen & SIS both the

gggﬁgifgﬁéoge§5?§°§%ﬁ éﬁlta = In elther Of tghb %§¥§F§#%eraturer?2 | owner,
the energy s l‘!lag ! ngrea d Blyre increase
amount, so tﬁ@%%@ ezxr?pé&aeiu%% |btrq'%ﬂ§;er % ﬂhe target tenperature.

In this embodiment, in order to control the

C

temperature of the recording head to a target
temperature determined by concerning discharge
characteristics, e.g., a print density, temperature
control before printing and temperature.control during
printing are performed. In the temperature control
befoie printing, a heating amount of the temperature
control,heatef is determined on the basis of a lapse of
time from the previous printing operation (wait time
and non-print time) and the present ambient
témperature, and heating is performed immediately
before printing. In the temperature control during
printing, the heating amount is determined on the basis
of thé lapse of time from the previous printing
operation and the present ambient temperature, and
heating is performed during printing. “During
printing” means not only an instance when printing is
actually performed (a heating period of a print
heater), but alsc a series of operation periods for
performing printing, e.g., an acceleration or

deceleration period of the carriage, and a reverse



In the tenperature control before printing, since it can be considered that
the recording head radi ates nore heat as a wait tine is |onger, the energy
supply anobunt is set to be large to cause the head tenperature to approach
the target tenperature. On the other hand, in the tenperature control
during printing, since it can be considered that the tenperature of the
head is increased due to heat accunﬁg?tLon as a print time is longer, the
energy supply anount is set to be § | . When the tenperature control is
perfornmed as descri bed above, the tenperature of the recording head can be
controlled to the target tenperature w thout using conventional closed-I|oop
control. This tenperature control will be described in detail below Fig.
10 shows a chag§écfniaceubidisepsianatePtIAF BP9€he recording head with
respect to an_apbient tenperature (TA) and_a tar t rat yre (To) when
only the tenpgﬁggﬁré CSHFPGFaﬁéFSr%OEFFHFiHStPsT%%ﬁﬁbﬁggirﬁggfliffng
simlarly shows a change in tenperature of the recording head when only the
- 35 - tenperature 0 D T I NGsl S penrformd, defi d. 12 shows
a change in tenper 3‘?%"0##%%&%8 )giﬁ&ng %ad w?tén bg?du thrlz;t errger ature
control oper at|Fakts Thwg or e and duri nefigher ht31A§ hrid °Pel 267 frejdiek®y]. 13 shows

a change in tegnpef Aty esegf({:t REcd €COrdigRg| head Cayged| byopr| nbbng itself
(sel f tenperatihe—-nRcrease :

when oamnlvy nrintinalic narforon \d t th
—wi y—printingli-s—pefferreg—w-tHou e
t enper at ure cqné@ dio. 120 sec 0z 10z 402 60Z 80z
30 to 60 sec 0z QZ 202 4QZ 602
15 to 30 sec ' 0z 0z 0z 202 402
15 sec or less 0z 0z 0z (0} 4 207

Table 2 Temperature Control Data Table During Printing

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 60Z 802 90Z 100z
60 to 360 sec 1) 4 302 40Z 45Z 502
360 sec or more 0z 202 302 35z 402

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 a2 ROM. In each table, "100%" represents
supply of a'maximum energy; and "0%" represents supply
of no energy:. In this embodiment, an energy supply
amount is controlled according to an energization time
(heating pulse width) to the temperature control
heater. In the temperature control before printing, a
maximum energization time is set to be about 6 sec, and
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



Fig. 14 shows a change in tenperature of the recording head when printing
Is perfornmed 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 data in the tenperature control
data table during printing shown in Table 2 (tenperature control paraneter)
I's changed. A thernmal equilibrated teggerature (TE) shown in Figs. 11 and
12 nmeans a tenperature which can be~naturally reached by only a tenperature
control energy on the basis of a heat capacity of the head, and is

determ ned by data shown in Tables 1 and 2. The thermal equilibrated
tenperature is set to be slightly Iower than the target tenperature, so
that the sum ofolalge ofertimel esgquilizhrabed tisgperst By PRI @SRt R

i ncrease (self tenperature increase) caused by self heating of the
recor di ng head Bsidwihen speggiration tige. agdr Ved8A&s to the target
tenperature. The te eratg;e caontrol according to the first eqPodinent of

the present inventid® &41%e odestE FERPEERSH-i ERTEER: SREFI TR ow
head caused by THUES b AREIY EBHTIOr ScorPoShoRie L o et F e °f he "
pover switch isd Wt Obned difrlyy ISHRrig AhBhodNd A Ridadddegount er are
reset to zero 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 moxe

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

increased.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
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
temperatuxe (T,) and a target temperature (T,) when
only the temperature control before printing is
performed. Fig. 1l similarly shows a change in

temperature of the recording head when only the



initialize the control paraneters in step SIOL. In step S102, the control
waits until a print signal is input. Wien the print signal is input, an
anbi ent tenperature is read fromthe tenperature sensor 8 on the printed
circuit board 7 of the main body in step S103. In step S104, a wait tine of
the wait time counter is read. Howeveyy the wait time counter is reset to
"0" as described above imedi ately after power-on. In step S106, the
tenperature control data table before printing (Table 1) is referred to on
the basis of the anbient tenperature and the wait tine of the wait tine

counter. | mme iateeflf’)éa afjer power-on, since there is no tenper turec'ii ncr ease
due to printinyg "RHE T EHSMEFE cteuring (R thHY h%aBeFEggﬂﬁ r 8%t he room

t t . Ror_thi t abl e, t put b f Q9 - 100%
nccording to g ant O ehathe Lo, tETeTArGe7 Thas ensseebtiddned i n
37 - corr espondenatedisdbOthel Vaide1idBS ddhStep S38BariBast enperature

control heater 10 shown in Fig. 8|5§%eated an the basis of this output

data to increasefdie dredRBiinY oLint o | SePbthea .9 and the common ink
chanber M.IntMseMmmnmnfgstgf%mum tenperature is |ower, the

tabl e output is inciBasell tshower£asifagé eipetanperatueecasethaount . Upon

conpl etion of energization, the start of printing my be waited for about 1

sec to di sper seecgrding headnprusedirsy dostiating i bhsédfmédelfi t he recording
temperature increase) when only printing is performed
without the temperature control.

Fig. 14 shows a change in temperature of the
recording head when printing is performed with the
temperature control operations before and during
printing.

| The température (Tg) of the recording head is
switched at positions of 60 sec and 360 sec since the
data in the temperature control data table dﬁring
printing shown in Table 2 (temperature control
parameter) is changed. - )

A thermal equilibrated temperature (Tg) shown in
Figs. 11 and 12 means a temperature which can be
naturally reached by only a temperature control enerxgy
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
the thermal equilibrated temperature and a temperature

increase (self temperature increase) caused by self

heating of the recording head shown in Fig. 13



head. At that tinme, the wait tine counter is reset (step S107). In step
S108, the print time counter is started to print the first line (step
S109). Thereafter, in step s110, the print tine of the print tinme counter
is read. In step SI1l, the tenperature control data table during printing
(Table 2) is referred to on the basis of the read print tine and the

anmbi ent tenperature. The count valy4g aof the print tine counter is not so
incremented inmediately after the start of printing, either. For this
reason, the tabl e output becones one of 0% to 100% accordi ng to the anbient

t enper at ur e, and I's larger than those obtained in correspondence with other
count val ues.

n% rl?‘ature C%Ftrol con |t|on% f.othe data are corrected
accor di ng t5°rh§ EnttCof-eh&EFEET én a line feed (LF) signal
i's input, cor I‘ECL,J oIy t|e§n eratu%% ccgiq._rlfoq_r rg%@o@t @RS 2lkhamd $kl3). Since
the line feed operatlon as no tenperature increase due to printing itself,

i T the LF signals i SHCGe%S ikt Ritfneridion &N dieiidestirit r ecor ding
head is i nmedi ately decreased |f no tenperature control is performed. Since

a tine requigeidy it adidienee ko patfilanw ichart \shadwat tin an energy supply
anount per unit time becones too |arge unless the output data is corrected.

For this reasian, kECcombuy that hd schearysliitettempexatgraanef cdtheorrecting a
parameter to supply. an energy 1/10 original output data to the recording
head per recording head caused by this temperature control

corresponds to Fig. 1l4.

When the power switch is turned on, a wait time
counter and a print time counter are reset to zero to
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
the printed circuit board 7 of the main body-in step
S103. In step S104, a wait time of the wait time
counter is read. However, the wait time counter is
reset to "0" as Aescribed above immediately after
power-on. In step S105, the temperature control data
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
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



one-line feed operation is enployed. The tenperature control conditions are
then corrected on the basis of a length of one nain scanning |line (steps
S114 and S115). In this enbodinment, the tenperature control heater 10 is
energi zed during carriage accel eration periods on two sides outside a print
range. For this reason, when a carriage noving anount is small, an energy
supply anount per unit tinme becones too | arge. Wen the carriage nounting
amount does not correspond to a=fdl’l \width, a problemfor nultiplying a
correction coefficient proportional to an actual noving anount
corresponding to the full width with the paraneter is enployed. The
tenperature control heater 10 is energi zed on the basis of these corrected
data to peréarredmimbsmic e ORidHIr driimgeipresit i nkn (step $196), and -
39 - another line is then printed (step S117). \Wen the print operation
further contheueemgetapnrse Bntadie hedtar o0 t$howri #e Fide Bobfiter is
repetitively read. As described above, as the(grint tipe isaggcgﬁ sed, the

output dat DPFEA PR ERHIRATES R EHSPLUTRIS, G2’ BReMYTTSAPDI ¥ %m)unt is
reser (st epreraeyeculy oh g iRoriTh Stirer 7 contarietplhel S50) T 'S
o anal 1o i HERUBE k2 o oE e oL B R e e anbi ont
tenperatur éxemperature 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
abrupt temperature distribution formed in the recording
head. At that time, the wait time counter is reset
(step S107).
In step S108, the—ﬁrint time counter is started to
print the first line (step S109).
Thereafter, in step S110, 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
print 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.
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



are read (steps S102 to S104), and an energy |evel output fromthe
tenperature control data table before printing is determ ned again on the
basis of the read wait tinme and the anbi ent tenperature. Thereafter, the
sanme control operations as described above are repeated. In this

enbodi nent, the wait tine counter counts up to 120 sec, and when it exceeds
120 sec, the counter is reset tgng under the assunption that the
tenperature is returned to the anbient tenperature. In this enbodi nent, the
di sposabl e cartridge type recording head is used. The present invention is
not limted to the di sposable cartridge type, but nay be effective when it
Is applied to_a permnent tgge head whi ch does not qw,qe %}%gange of

heads. |n PRFSCERBBJI(AERPS BoLR &A% PHiAl -ti Ae ESUﬁP and t he
it t t dt t

cont ol opePaE %ﬁsngﬁeﬁﬁﬁgaﬁémﬁé%%é%r HiERRE =Y Astover PSR o pr nter

having a sgggl @rln% unt, gugg % grgrgggggsg@%éy}(;ﬁgﬁg(nyﬂé cal cul ator,

or a printer |ng SAPY“CRaract érs, in which a tenperature

i ncrease C%&ﬁ@@:@)ﬁu&'&eow k-.HL_- 9&66%&5.95 hbael i Sxs@lilaelhan that caused

by a graphic printer, only the wait (non-print) time counter may be

enpl oyed daaes&@a&@doafaaooubwbrauahet yohevell dfs tgerfemesdl ng apparatus to
performonly the tenperature control before printing. As for a printer
excl usi vel Fimsed af dimeutreghdets dorathecdidiendemshapenativwii®y a | ong

non-print tinme, only the print
very short, an energy supply amount per unit time
becomes too large unless the output data is corrected.
For this reason, according to this embodiment, a2
program for correcting a parameter to supply an energy
1/10 original output data to the recording head per
one-line feed operation 1is employed.

. The tempetature control conditions are then
co:rected on the basis of a length of one main scanning
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 rea;on, when a carriage moving
amount is small, an energy supply amount per unit time
becomeé 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.

The temperature control heater 10 is energized on
the basis of these corrected data to perform

temperature control during printing (step S116), and



time counter may be enployed to performonly the tenperature control during
printing. In order to determ ne an output energy |level in tenperature h
control, a hysteresis of output data obtained before printing nay be used
in addition to output data obtained by referring to the data table on the
basis of the count values (wait tinme and print tinme) upon printing. Wen a
correction coefficient of output data is to be calculated on the basis of a
carriage novi ng anmount, not only &%mevi ng anount of the present |ine but

al so noving anounts of the next and subsequent |ines may be taken into
consideration. As a nmeans for heating the recording head, a known nmeans may
be used. In place of neasuring the print - 41 - tinme, the nunber of

print |inegneknihe 11HE0e: hel i nRal 3G JIAY? pe Glumt eche As descri bed
above, according to the first embodi nent, if conventional closed-I|oop

t enper at ur @xdent lopledayt ildae FierheiAlddnt iswesor( s terHokdt edchd the recordi ng
head is not perforned, a nmeans for neasuring an anbient tenperature is
arranged i vadueeodr diey ceqipely dtige mEumtest i s RIPEL BRIl and a
control software programutilizing heating/cooling thermal characteristics

uni quel y déSedfsrrdiad ahevs, @fHddia POMt He PRt dFhgrTRER tSAFf i s
IPLOTES, ¢ i b Bl Y A TR ST 0L £
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 2 time until
the next priﬁt 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
ocutput from the temperature control data table before

-printing is determined again on the basis of the read
wait time and the ambient teméerature. Thereafter, the
same control operations as described above are
repeated. ‘In this embodiment, tﬁe walt time counter
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 ambieﬁt 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
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



recording head is used, a signal current fromthe tenperature sensor of the
recordi ng head need not be detected. Thus, a variation in print performance
anong heads, as a mmj or drawback of tenperature control posed when the

di sposabl e type is enployed, can be elimnated. -Thus, a variation in print
performance anong heads can be elimnated, and uniformprint quality can be
obt ai ned. Furthernore, since the t+ebperature sensor can-be omitted fromthe
cartridge of the recording head as an expendabl e supply, a tenperature

sensor selection process, or a tenperature sensor adjustnent process so far

can be omtted to greatly reduce cost. In addition, since the - 42 -
tenperature ggASehel fhgekf ﬁ@ﬂ_ggigejtggge douRbetaaker hngdyrel d can be
greatly increased to furtﬁer reduce cost. In view of an electrical circuit,

a smal | signaker€ormebbthr ehet bempesdtucedcontrbé dpesetédnsaduring
count er reasur e agai nst exposure of contacts upon attachnment/detachnment of
t he di sposabkeadchefprdgprintinghe HewerdrngaapfaratudTARitAThbSEYIngnd an
el ectrostatic counterneasure for patterns of a flexible wiring and a
printed circ@i SMB&ar @TBREWRBAURKe SREBOREI AQPEPPEPE $9T&Pn body and t he

recordi ng heaq can be sinmplified. The above features are r.ticularly
effective foP+EEERPACt 8B FFSEPe°FeéoPEFﬁ§e§p%8FéP §Rﬁﬁﬁéﬁgbgﬁﬁgi take a

suffi cient couLerARAsU! ¢ SURRCAS % cBhpald cle! 1RSI sty gheot i cal
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
level of the recording apparatus to perform only the
temﬁerature control before printing. As for a2 printer
exclusivelf 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
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 cbtained by referring to the data table on
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 alsc moving amounts of the next and

, 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



al so leads to a considerabl e cost-down effect. The second enbodi ment of the.-

present invention will be described below wth reference to Figs. 17 to 21
and Tables 3 and 4. In the second enbodi ment, sufficient tenperature
control attained by devel opi ng open-loop control of the first enbodi nent
can be perfornmed even in a recording nethod such as a bubble-jet nethod in
whi ch heat generation or radiation occurs upon printing. In the first

enbodi ment, an energy level to be applied to the recording head for
attaining a tenperature increase is datermned with reference to - 43 -
control data tables on the basis of an anbient tenperature and a print tine
and a non-print tinme of the recording head before the present print
operation is started, so that tenperature control can be realized by

open-100p contdi}la b}HES id&)ﬁ%@ Heusliohd Y WEISENSOE Kifirec Mi N
body. In a printer for mainly %??E??hg cﬁéracters, since a print rate of a

character itselHadarded iy ALTRARMGEd Nt rate is about several %to 30%
Therefore, a tenperature can be sufficiently anticipated by open-I|oop

t enper at ur e contr olAridderimsi amfvalatacantdicigpatedeiy fheswai n body
according to operation control paraneters such as a print tinme and a
non-print ti menadiment b€ exgitantinmak aldsed-hoqP | FeBPerak@ren t he
first enbodiment, A0 & SIS GALS, SOn ol Ser 9y Suppl v, popnt gan be
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 control
software program utilizing heating/cooling thermal
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
2 desired temperature.

In particular, when the disposable cartridge type
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
eliminated. .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
temperature sensor selection process, or a temperature

sensor adjustment process so far can be omitted to

greatly reduce cost. In addition, since the



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 state tends to occur, as shown in Fig. 16, by only operation control
paranmeters such as a print tine 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 reason, irregular

di scharge probl ens such as a non-drséﬁarge state, splash, a fixing error
caused by an excessive discharge anount, density nonuniformty, - 44 -
and the |like are posed, and a graphic printer which is required to have
high print quality becones unsatisfactory. In order to prevent an over head
state caused FRPMPSF MO isenscat 6 tsalifheambeeumiltitdadat eéd t enperature may
be set to be |lower_than that of a character printer under an assunption of
a hi gh aver ag@PHHHACTRIQY Miald san he dmeatly PrigReanad &ih FRADRF a | ow
print rate is printed, since a self tenperature increase is small in
t he above-nent%éﬁég%(ﬁ%§#4 oop tenperature control during printing, the

and Tow denei by or Bereiery oAt ey T P B e
unsati sfact or Yot 8HM ttHe IR %taﬂghg{é-t%rgr%@ig printer.
During a print operation of a graphic pattern having a high print rate,
when a tenper atdirterimdd¥u®hgainst exposure 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
printed circuit board between the recording apparatus
main body and the recording head can be simplified.

The above feature; are particularly effective for
a compact or portable recording apparatus which cannot
take a sufficient countermeasure such as a shield on
the casing or an electrical circuit. In addition, this
also leads to a considerable cost-down effect.

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

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

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

temperature increase is determined with reference to



of the first page becones very high, and in particular, when the print
operation of the page is conpleted imedi ately before the tenperature
reaches an over heat tenperature, a cooling operation requires nore tine
than that at an assuned average print rate. For this reason, in the

open-| oop tenperature control before printing, a tenperature increase
energy excessively larger than that g®quired for the next print operation
may be undesirably supplied. Open-loop tenperature control according to the
- 45 - second enbodinment will be briefly described below In this

enbodi ment, tenperature control operations before and during printing are

per f or med Iil@b,{ﬁ.c;lhed;g% S‘%%r?fs?ée)dré)]{m&e }%fglg hig 14 g&g?rdi ng to a

characteristic feature o odi'nen a tenperatur t he recording

head is anti ciepfieathtipan LU 61400 of s hdie i &yi QS PEiAE epgeabEon, and a

tenperature control power before printing is corrected on the basis of the
antici pat ed tEmearetafding HdNEIHOf Sre HKS o ®© pRORBEpERALAGhEr i StiC
feature of this enbodinent, a print rate is obtained every second, and a

t enper at ure déhtIrgsdwersalwchay pemperannres cmtesl edangnbéheeliszadof an-
average print rate. \WWen the above-nenti oned power correction operations
are perfor medY GREN1TIRGP tqoferat by woing oinkarebeadppstedi at el y per f or ned
in a graphichrinter whi ch nust $rint a pattern having a high print rate.

Tables 3 to 5 TERPEtTIVel PRI Perdiatilrkedy -

In a printer for mainly printing characters, since
a2 print rate of a character itself is low, an average
print rate is about several % to 30%. Therefore, a
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
in the first embodiment, and a temperature control .-
energy supply amount can be adjusted.

However, in a prinﬁer for mainly printing graphic
data at high speed, since an average print rate is
largely changed between several % to 100%, an over heat
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
reason, irregular discharge problems such as a
non-discharge state, splash, a fixing error caused by

an excessive discharge amount, density nonuniformity,



control data tables before and during printing, and a print rate correction
control paraneter data table. Tables 3 and 4 correspond to Tables 1 and 2
of the first enbodi ment, respectively. - 46 - Table 3 Tenperature
Control Data Table Before Printing Amnbient Tenperature 25[err]C 25 21
17 13[err] C or to to to or Wait Tine Tiner hi gher 21C
17[err]C 13[err]C higher 0 or 1208 gdc-or nore 0% 40% 60% 80%
100% 60 to 120 sec 0% 10% 40% 60% 80% 30 to 60 sec

0% 0% 20% 40% 60% 15 to 30 sec 0% 0% 0% 20%
40% 15 sec or |ess 0% 0% 0% 0% Tabl e 4

25

21

17[err]C 13[:eqn1]:.€-edh|t@heﬂav4enmtugal p(awtatquarlmlyommﬁes of
60%

or
87.

5%

80%

or
75%

Tenper at ure ggatkgg Pata I@QI%OQQBIngnBrhnbkaghéﬁbp&ahtienpmn&huaé 25[err] C
13[err] C or or Higher 21[err]C

0%

90% 100% Tenperature Control During Printing Table 5 Duty
Correction D@U@amlf@cmmy 0%or 6.25% 12.5% 25% 50% nor e

or nore mor e mor e nore Correction 100

5o%n ordemgoCRIevante#n PVGTherds SHAES SARaRTe 9% &act val

t enperature of,

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
small in the above-mentioned open-locop 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
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
immediately before the temperature reaches an over heat
temperature, a cooling operation requires more time
than that at an assumed average print rate. For this
reason, in the open-loop temperature control before
printing, a temperature increase energy excessively
larger than that required for the next print operation
may be undesirably supplied.

Open-loop temperature control according to the



the recording head with respect to an anbient tenperature and a target

t enperature when only tenperature control during printing (wthout
correction) is perforned. Note that a change in tenperature of the
recordi ng head obtai ned when only the tenperature control before printing
(wi thout correction) is perforned is the sane as that shown in Fig. 10, and
Is omtted. Fig. 18 simlarly showssg - - 47 - change in tenperature of

t he recordi ng head when both the tenperature control operations before and
during printing (without correction) are perfornmed. Fig. 19A shows a change
in print rate, Fig. 19B shows a change in tenperature of the recording head
in corresponqggg | change i rint..r S | i A when the
tenperature con c?r(L) %%eof%ﬂe qg%qbg’ee é’r’f e%lsfu‘ rflg;&%%%%l?gggglé%%rdi ng to the

second enbodi nent gf gﬁg%[gﬁggggméﬂgﬁﬂgédﬂéfgghigwégﬁaggl 8pEr&t dond 9C
a

shows a change in operation anount o "enperature control energy. A
thermal equi | b Gt Carice NRSF Al IS SNOWMY idkd i Srfdfm@ddliRel snSehet 0 be

hi gher than those shown in Figs. 11 and 12. The first enbodi nent takes
sel f heati ng fifrsteeninsdimenty. heptl tHiO toioRs,) decabtrdinghta ahe t her mal .
equilibrated tenperature is set. In this enbodi nent, however, since a self
heati ng portiete¥acteristiedieaturre aferguisitemeodmentl d@uring printing,
the self heatin ortion need not be taken into_conside[atigg when t he

t her mal equil? %.Egpqgﬁngﬁeﬁq§egecordlng head is anticipated upon

completion of the previous print operation, and a
temperature control power before printing is corrgcted
on the basis of the anticipated temperature.
Furthermore, according toc 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
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
printlrate correction conﬁrol parameter data table.
Tables 3 and 4 correspond to Tables 1 and 2 of the

first embodiment, respectively.



is set. For this reason, an energy supply anount of the tenperature control
during printing according to this enbodinent is slightly larger than that
in the first enbodi ment. Tenperature control according to the second

enbodi ment of the present invention will be described - 48 - below wth
reference to the flow chart shown in Fig. 20. Note that a change in
tenperature of the recording head by this tenperature control corresponds
to Fig. 19. Wen the power switch issd wned on, a wait tinme counter, a
print time counter, a print pulse counter, a correction coefficient nenory,
and the like are reset to "0" (step S201) to initialize control paraneters.
The control then waits until a print signal is input (step S202). Wen the
print signal put, t T [ erature
sensor 8 on tﬁibyﬁgl %t ed c rcuf?‘g‘%oard %fﬂﬁle Trr%in@bgﬁgo?g %%%é{%g‘?

5203) An antichpated tenperature TEINE upon conpletion of fhe previ ous
print operatipn (t@nﬁiende&mpehadre resdet gdi ksl atiez) is, lthenjr¥ad {step S204).

Await time tw; read fromt wailt 59§ % i o °§h|s time, the
counter is re:pJfl% r J)af'“‘ 2 descri [FA8" 03% T ter an dhtrol data

t abl es bef or e| ah@rdlzd nec piri iddeng | Tabt gs &zand €9z ar esaze exrroe.'d to on the
basis .of the el ] :Eii% tw armo—the d”JDiUZEIt tlgznyelfht T oz a0z

30 to 60 sec 0z 0z 202 402 602

15 to 30 sec 0z 0z 0z 202 402

15 sec or less 0z oz 0z 0z 0z

Table 4 Temperature Control Data Table During Printing

Ambient Temperature|25°C 25 21 17 13°C
aor to ta to or
Higher| 21°C | 17°C | 13°C |higher

Initial Operat:.on
Amount Pp 0z 602 80z 90z | 100Z
Tempera.tu:e 80::.::01

During Printing

Table 5 Duty Correction Data Table

Duty 0z or | 6.252 | 12.5 252 50z
more or or or or
more more more more
Correction 1002 87.52 752 50z (3 4
Coefficient

. Fig. 17 shows a change in actual temperature of
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 recordin§ head obtained when only
the temperature control before printing (without
correction) is performed is the same as that shown in

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



(step S205). At this time, since there is no tenperature increase caused by~
the print operation and an anbient tenperature is the sane as the room '
tenperature, output data as a determ nation value of the tenperature

control power [err]preo table before printing becones one of 0 to 100%
according to the - 49 - anbient tenperature, and has a | arger value than
those obtained in correspondence with,other wait tines (step S206). On the
basis of this output data, a tenperature control operation amount [err]pre
before printing = [err]preo x f([err]FINI') is calculated (step S207). The
function f has a negative correlation wth the anticipated tenperature

TFI NI upon conBIetion of the previous print operation. ghe t enperat ure
control heat eFR3BIChbRNTERPEFAtuTe | af hERe cBeERTEHRILRERE BRePNECES cul at ed

oper ati on anount re, and the tenperatures,of the.nozzle rti.on 9 and the
cgnnnn i nk chgﬁ%eﬁg BeFRCERE FRRGT %nﬁpﬁﬁéﬁlﬁn%r%efﬁf?eﬁggggf§%gﬁ S208). In

this enbodineg%%%?ﬂ?ggﬁ&g#ﬁgﬁLog°££$gt£§n§rg£8n§5g¥§??§dgenperature becones

| ower. After e eneér grzatron, prin timng is waited for

about 1 sec to dispgggelgﬂ gﬁguﬁtatgﬁ?g?étgﬁepgiﬁgrfggghogigqrqg@ in the

recording head. At that tinme, the wal I me counter is resef (step S209), .

and the printshbwe &0dhaRfel EnStanpedatttepoBb2ife. rdespaiaguheadontr ol
conditions of the initial operation amount [err]LINEO during printing
obtai ned in correspondence 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.perfozmed, and Fig. 18C
shows a change in operation amount of a temperature
control enerqgy.

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

Temperature control according to the second

embodiment of the present invention will be described



step S206 are then corrected according to the content of the print signal. .
The tenperature control conditions are corrected according to the | ength of
one sub-scanning line. Like in steps S114 and S115 (Fig. 15) in the first
enbodi nent, a power correction - 50 - coefficient L for nultiplying a
correction coefficient proportional to a ratio of an actual noving anount
to the full wdth of the carriage is, calculated (step S211). Di scharge

pul ses for one second (nunber of ﬁ?fh ‘dots) of the next print content to
be printed are counted to cal cul ate an average print rate (print duty)
(step S212). Power correction coefficients Pi and P2 are cal cul ated on the
basis of the average print rate for every second (step S213). In this case,
the power corbetewonitefdferemte Pio ither §low relsdpohseRedhr &8t i on
coefficient, and is based on an average of_ average print rgte for every
seconds duri n§i@gr e¥P ousiav® thabneschangrR E%WE@N@%¥$EEF?Oﬂ cﬁg?ficient P2
Is a high-response correction coefficient, and is bgseg Qn.an_average of
average print TPSPELLRG NEIR  HY sERBAJEBRATHGIDT ePPB0EC 10“CEEGRES “These
correction co ff#cieni Plerr] and P[err] can be obtained by referring to

t he data tabl o( aBre 2) on the basis of the average print rate. A

Lemper a ue SOt OknBROEAL! BA-AIOUIL LR LHLLAERAMI bHY B LalkNE e
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
(step §202).

When the print signal is input, an ambient
temperature T cbtained by the temperature sensor 8 on
the printed circuit becard 7 of the main body is read
(step-S203). An anticipated temperature Tpyyr UPOR
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
during printing (Tables 3 and 4) are referred to on the_
basis.of the wait time tw and the ambient temperature
(step S§205). At this time, since there is no
temperature increase caused by the print operation and
an ambient temperature is the same as the room
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



obtained data. In this enbodinment, [err]LINE = [err] LINEO X P[err] X
Plerr]x L (step S214). As described above, [err]LINEO represents the -
51 - tenperature control initial operation amount during printing, and the
correction coefficient L is one based on the carriage noving anount. The
correction coefficient is normalized to a range between 0 to 1 (0%to
100% . As can be apparent fromthe abpye_equation, when the | ow or

hi gh-response average print rate is high, and its correction coefficient
Plerr] or Plerr] is small, the tenperature control operation anount
[err]LINE during printing becones small. Therefore, an over heat state by

the t t trol duri inti b ted. t hi ,

2 program for CBPTERE | F AT et (o ChSapl §2RACEn SR ay°1FRB7 AECEPI gi na
g n it of ¢ o3y by

one- i o1 oo SSTErTertt o ent BoelioRes Wb oo BReRCRELE, EmBETEsERRT

heater 10 is egggghzed on the basis of these corrected data (step S217) to,
print one line (stéep S218). The wait tinme counter is then started (step

S219), and the antichpekedodeiPesat £k es| 8atpitNiaRQNaceepbehearaf
printing is stored (step S220). The anticipated tenperature [err] FIN upon

conpl eti on of pohnrbhgoperaeicglamednbypbgg befboel priegiati enPhasgdxon a

paranmeter of the power correction =
£f(Tpryr) is calculated (step S$207). The function £ has
a negative correlation with the anticipated temperature
TprnT UPOn completion of the previous print operation.
The temperature control heater 10 shown in Fig. 7 is
heated on the basis of the calculated operation amount
Ppre' and the teﬁperatures 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
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
$210).

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



coefficient P[err] (low response): [err]FIN = Target Tenperature x k(0.3 +
Plerr]) (where k is an appropriate coefficient) - 52 - Wien (0.3 +
Plerr]) <1, [err]FINl = target tenperature is set. As a result, when the

| ow-r esponse power correction coefficient exceeds 0.7, this neans that a
print operation at a high print rate continues for a |long period of tine,
and there is a high possibility that the head tenperature exceeds the
target tenperature. For this reasof, 4n~error of the tenperature contro
power [err]preo before printing calcul ated based on the wait tinme at the
begi nni ng of the next print operation can be prevented. \When the print
operation continues, the control operations shown in Fig. 20 are répeated.
In this case, @offdidienallu€oaf muleipdiving ae coatteicidrs qwif fSeient

i ncremented, an output of 0%is obtained at any anbient tenperature, and

t enper at ure coPERCIEOTRd foi Bt rAagicaribenpretaatledoigry EEiawgtpddt or med
for each line. ¥$§ he print operation is conpleted (step S221), the print
time counter i $Afeddttl #idshsefstheygarmiageonsr 6 gdbristEoOWn in Fig.
20 are repeate%i@q%n the next..print signal is input. In this enbodi nent,
the wait tine count’er also counts up to 120 sec, and when it exceeds 120

eturned (o the anbient TERSePILaFE. 2Pty ohd 1 4RO GRREA 1% Fo ng
contr ol dots) of the next print content to be printed are

counted to calculate an average print rate (print duty)

(step S212).

Power correction coefficients P; and P, are
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 aﬁ average of average
print rates for every seconds during previous 100
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 Py and P, can be obtained by referring to
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.

In this embodiment, Prine = Pringo X P} X P32 x L
(step S214). |

As described above, PrI1NEQ represents the



arrangenment for executing tenperature control according to the second
enbodi nent. This arrangenent can be - 53 - applied to the first
enbodiment. In Fig. 21, a host 21 such as a conputer generates a comrmand
signal, a print signal, and the |like. A counter 21 serves as a counting
means consisting of the wait time counter, the print tinme counter, the
print pulse counter, and the |iKke. § sensor 8 serves as a tenperature
measur enent neans for neasuring an fbient tenperature. A head driving
means 25 drives the recording head 2, and heats the head to increase its
tenperature. A control unit 22 as a tenperature control neans controls the
print operation of a normal ink-jet recording apparatus according to a

progran1stoH&fﬁq?ﬁﬁﬂ¥qﬁjﬂ9ﬂ§ﬁﬁ$¢¥ﬂﬁFHﬁ%ﬂ9§ﬁF%&$°nﬂﬁ??ﬁﬂﬁr?ﬁr%ﬁﬁt 22

adj usts a te ai.ure co energy for att |ng erature increase
applied to t recélr%n r?d‘%&g’r? foxﬁ’/:etcﬁé-cl?efd’ aﬁ‘rerg S 2R PR %‘fbasi s
of the measurgay ﬁ%”! of t he sensor { 21. In this
enbodi ment, both t% At it e So Mo opeﬁjﬁ I ONns d%#?n‘gﬁand bef ore
printing aredwﬁﬁrami@w%&aml%% Rid W d

(non-print) time counter. However, for a pri ter XC u5|ve y UQ@% for
cut sheets orcca Yoy di 1G5 aRRALE la%;ﬁ%:‘érﬁg ﬁdx@%@%&&é NéqhdfEon ONly the

print tinme counter nmay be enployed to execute. only the tenperature control
during printiwhgen the low- or high-response average print rate is
high, and its correction coefficient P; or Py is small,
the temperature control operation amount Pr rng during
printing becomes small. Therefore, an over heat state
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 Prrng during printing to the recording
head 2 per one-line feed operation is employed (step
S216).

The temperature control heater 10 is energized on
the basis of these corrected data (step S217) to print
one l;ne (step S218). The wait time counter is then
started (step S219), and the anticipated temperature
Tpynr UPOn completion of printing is stored (step
S220). The anticipated temperature Tpryy UPOR
completion of printing is calculated by the following
equation based on a parameter of the power correction
coefficient P, (low response):

Tpinr = Target Temperature x k(0;3 + Py)

(where k is an appropriate coefficient)



In place of neasuring the print time, the nunber - 54 - of print Tines
or the nunber of print characters nmay be counted. An average print rate per
second may be cal cul ated as one for each line. The.average rate nay be
cal cul ated by ot her averagi ng nethods, e.g., weighting. A |lowresponse
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-us&d-for |low and hi gh-response data,

but different tables may be prepared. The tenperature control operation
anount [err]pre before printing may be corrected using the correction
coefficients Plerr] and P[err] in place of using the function f(TFINE)-

According to the Sm@@xﬁldf@nﬁ)odi nteasg, d@obsé%bgct&@@,t@hpggamfgnpgrature
control power is controlled according t rint rate, high-precision

tenperature csatrol Asaa besaltaiwiegh i the Diwiiespqisat powdavi ng a | arge
change in print rate in addition to the effects of the first enbodi nent.
Si nce a tenperargectiont roefbubent sexoewdsl 0 €U, orhihembassstbit| aw and
hi gh-response print rates, the control can cope with both slow and abrupt
changes in prPREFaPREIRR1IPRc2 SR ORETR BOR FreFRte t RN EEAREFaf@Fe2 cont 1 ol

ower is controlled o he _basis of the | ow_ and
P - iong pergoé af time, and there is a high possibility

that the head temperature exceeds the target
temperature. For this reason, an error of the

temperature control power P

preo before printing

calculated based on the wait time at the beginning of
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
ambient temperature, and temperature control before
printing can be prevented from being performed for each
line. When the print operation is completed (step
§221), the print time counter is reset (step S222), and
the control operations shown in-Fig. 20 are repeated
when 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.

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

to the second embodiment. This arrangement can be



- 55 - high-response print.rates, but may be controll ed one of these
paraneters. Furthernore, a m ddl e-response print rate may be calculated to
control the tenperature control power on the basis of the |ow, mddle-,
and hi gh-response print rates. The third enbodi nent of the present

I nvention wll be described below with reference to Figs. 22 to 26 and
Table 6. In the third enbodi ment, _hicgh-precision tenperature control can be
performed even when a position of a recording head is physically separated
froma position of a tenperature sensor for neasuring an anbi ent
tenperature. In the first enbodi nent of the present invention described
previously, the tenperature sensor for neasuring an anbient tenperature is

arranged not 3P 9% &S Fhey ficst embedd®endn an apparatus main body on

whi ch t he recordiﬁngead é&;t ig nnugted, ?gd an aq§ichggged control nethod
i s adopt ed wher e tSrpertat & &9FF e S Af Ty TERP TS aATT ST pated on
the basis of . const ant . det. 1,ne s8¢k oy @. heaj capacity of
t he recordi ngaaﬁ;eé(g{%,[ﬁgi ﬁe'trlldr%%lt’i %e,pré'r? %E'%rr%ldr %r{{gitl neo{]lb}g%bntjr“ol a

tenperature Cidtr A WirydsC ¥ & Mun? ity tdBid'Ubn sl HELadhEsr €687 di NQ
head does not have a tenperature sensor, cost of the recording head as an
expendabl e swailty ttiafe R GitRat,| 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

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

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.

;n this embodiment, both the temperature control
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
time counter may be employed to execute. only the

temperature control during printing.

In place of measuring the print time, the number



- 56 - reduced, and this can provide a considerably large nmerit in,
especially, a disposable cartridge in which the recording head and an ink
tank are integrated. In the first enbodi nrent however, since the position
of the recording head is physically separated fromthe position of the
tenperature sensor for measuring an anbient tenperature, a tenperature
detected by the tenperature sensor €awmot often indicate a correct
tenperature at the position of the recording head. When a power supply
circuit is incorporated in the apparatus, a tenperature in the machine is
I ncreased due to heat generated by the power supply circuit. In this case,

an increase irot e @l i fed ot Ne MBGHAE: VOE | §5i HePehst-28:8PsPRSY ! baNs I n
the machine. Since the tenperature sensor and the recordi ng head have quite

di fferent ordersunted heramlatéi@gs ofsimht ra €y efet f sébénankagnbet enperat ure
sensor and the recordi ng head have the sane tenperature in the machine, a
smal | error ocedksubutawkers tdree t Snpesatiur bimd . t IEh@osvérageotatbemagcor di ng
head and the anbient tenperature of the ambient tenperature sensor before a
| apse of a gi V% FHEkated Pyvethen avehuging thetkodenpergtures are
finally equal to.Leach other after the |apse of the given tine. For this
reason, in the"$1¥8t %A bodi ment, a tenperature control paraneter for

anticipated control,.is often determ ned on the basis of the tenperature
data Iﬁcl Udl ng an A fow-response pr:l:lnt rate mayabe caicuga egma).s 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-
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
£(Tpng) -

According to the second embodiment as described
above, since a temperature control power is controlled
according to a p;int rate, high-precision temperature
control can be attained in a graphic printer having a
large change in print rate in addition to the effects
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
print rate.

In the second embodiment, the temperature control

power is controlled on the basis of the low- and



_ 57 - error. Even if the identical apparatus and the identical recording .
head are used, a print density of prints may often be varied. Open-1o0p
tenperature control according to the third enbodiment will be descri bed
below. In this control, a tenperature control paraneter determ ned by
paranmeters such as an anbient tenperature, a print tinme, a non-print tine,
and the like is corrected accordi ngsso-an energi zation tinme of the
apparatus nmai -n body or conponents in the machi ne whi ch geaerate heat, so
that a local difference in tenperature increase in the machine, or an error
In an antici pated tenperature of the recordi ng head caused by a tine
difference d 0 I fference in_therml .ti n r I d, thus
attaining prglg'l se"r'%eS Oélrsgt @Fé'né:oﬁtartas.’n%u& m?% g%om%ts&a@ﬁognl%gfg{nlfég?ncrease
in the MChi RfeleAhliGdaHEr A GRG0 | O dIRASW A b el
tenperature, an -aﬁ actual tenperature of the recording head at that tine.
Fig. 22 exenplddd efayiaad dd1em 1a iRl JMI@Id IO H0 ridnpedscurapar at ed from
the recording head unit, and the recording head unit does not suffer froma
t enperat ur e iduireRse goawdhomatd Masild o f Xhes Hows- amiadbient drmedhper at ure
near the tenperature sensor for neasuring the anbient tenperature, and an
act ual tenpertvitgh-ccadpartae mecioriratdeat at that tinme. Fig. 23 exenplifies

data when t he recordiqgihead unit suffers froma tenperature, increase
The ird embodiment of the present invention wil

be described below with reference to Figs. 22 to 26 and
Table 6.

In tbe third embodiment, high-precision
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
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
température of the recording head is anticipated oﬁ 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.

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

recording head as an expendable supply can be greatly



- 58 - in the machine. Note that basic data of a change I n actual .
tenperature of the recording head with respect to the anbient tenperature
and the target tenperature obtai ned when only the tenperature control
before printing is perforned in a state wherein there is no tenperature

I ncrease in the machi ne near the recording head is the sane as that shown
in Fig. 10, basic data simlarly obtained when only the tenperature control
during printing is performed is theggsane as that shown in Fig. 11, and
basi ¢ data obtai ned when the tenperature control operations before and
during printing are perfornmed is the sanme as that shown in Fig. 12. 1In
addition, a change in tenperature of the recordi ng head. obtained when only

printing is perforned. without tenperature contr.ol st as that
shown in Fi é‘)adf:?ed'raﬁlng Ghéﬁo@na"EGP’r"&@t i"‘oﬁolngﬂ‘l(gléeroaf‘Cb lz}h ?‘ ea}%e@raat ure

i ncrease in_the machine in.cqrresponden h L Nat st above
Tabl es 3 anénef aren\jS&&nglF éré‘t [‘}r"gp%%n\tﬂlro d:é:?:fli eles beflbre and

during printd bI § h At e ¢ £cdor Tenperature
! recor&%.i%ect | Ona?; T,CL‘?:IJ G0 i€ -@&

I ncrease in h|ne or Oto 2 to to 15 to 30

Tenperature |Incregs&he? first emhod]:ient Howevdit ) Kinda M?@hl ne
mn mn mn more Correction Val ue alerr]C -2[err]C

-4[err]C  -fdsitiof] &f |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 cannct often
indicate a correct temperature at the position of the
recording head. When a power supply cirxcuit is
inéorporated in the apparatus, a temperature in the
machine is increased due to heat generated by the power
supply circuit. In this case, an increase in
temperature in the machine varies depending on
positions 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
"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
reason, in the first embodiment, a temperature control
parameter for anticipated control is often determined

on the basis of the temperature data including an



Tenperature control according to the third enbodi mrent of the present
invention will be described below with reference to the flow chart shown in
Fig. 24. Note that a change in tenperature of the recordi ng 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 tinme counter
are reset to "0", and a correction t3mer for a tenperature increase in the
machine is started (step S301). In step S302, the control waits until a-
print signal is input. Wien the print signal is input, the print tine
counter is started (step S303), and an anbient tenperature is read fromthe

tenperature SRSy 8t er{\[/l(}% RUH tw.t‘?%ngﬂ:.r&ﬂ tagéﬂag@mnt@dy I'n step

S304. In step $305, ue o e correction timer 1s read, and in step

S306, the valiuer¥iddie dddQNind SRS i udkfd 4 psiep Sty ¢orrected
on the basis of the value of the correction tiner. The correction value is

determ ned byprircsaaediten tRplvaatidda tenperature increase in the
machi ne shown in Table 6. The correction table as Table 6 corresponds to

- 60 - Fig. 22. | pdre-lcaye timpgerptidd®e centrobtaceeddiyg subttketi ng t he
tenperature of the recording head unit fromthe tenperature of the anbient
t enper at:ure sEnset emhadimgnpevihblRe tideseiikend reeisdn tEBIEhisn step S307,

a wait tine of the wait time counter is rgfd. The wait .tine counter is
reset to nou,cgﬁ;rol, a temperature control parameter determined by - -

parameters such as an ambient temperature, a print
time, a2 non-print time, and the like is corrected
according to an energization time of the apparatus main
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,
thus attaining precise temperature contxol.

Fig. 22 shows a temperature increase in the
machine near the temperature sensor for measuring an -
ambient temperature, and én actual temperature of the
recording head at that time. Fig. 22 exemplifies data
whenla 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
temperature, and an actual temperature of the recoxding
heat at that time. Fig. 23 exemplifies data when the

recording head unit suffers from a temperature increase



.descri bed above, immediately after power-on. In step S308, the tenperature "
control data table (Table 3) is referred to on the basis of the corrected
anbi ent tenperature and the wait time of the wait time counter. In step
S309, the tenperature control-heater 10 shown in Fig. 8 is heated on the
basis of this output data to increase the tenperatures of the nozzle
portion 9 and the common ink chanber_ %% of the recording head. Upon

conpl etion of energization, the wait €inme counter is reset (step S310). In
step S311, a print tine of the print tinme counter is read. The count val ue
of the print tine counter is not so increnented just after the start of the
print operation. In step S312, reference output data is determned with
reference to tH& tEFpdEEHE control data table during printing (Table 2).

Tenperature conditi of_.thig data are corrected according to the content
of the print signal %{g’ézteeﬁé‘%%\?stl& S§F) O SRANIH S hrEF sane as steps
S112 to S115 in i etailed descriptian.thereof wll be '
omtted. . The%%ﬂé%prer arl??e%%c%rﬁ%r SIEIEEES %t?qocé & f]%} grf%se%e%%i?@ &ﬁ%se
corrected data r [ L0d 17),
i 1 QLRI ey ep‘%%é?{_g MOl il | L0 S5EEPn Y

and one line is then printe _ _ counter I's started
(step S319). Wiged henl¥ ithe R@NftuddddiirLO U IS  pEiRe PhgNist | ME

counter is repetitively read in step S311 via step S320, and as the print
time is increaspsbfamesheimya 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 -
printing is performed is the same as that shown in
Fig. 11, and basic data obtained when the temperature
contral operations befofe and during printing are
performed is the same as thgt shown in Fig. 12. In
| addition, a change in temperature of the recording head
cbtained 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
inc;ease in the machine in correspondence with Fig. 22.
Note that abave Tables 3 and 2 are used as temperature

control data tables before and during printing.



supply anmobunt is deceased on the basis of the data an the tenperature
control data table during printing (Table 2). Wen the print operation
continues, since the value of the wait tine counter is not al nost

i ncremented, an output of 0%is obtained at any anbient tenperature, as’
shown in Table 3, tenperature control_before printing can be prevented from
bei ng perfornmed for each line. Oncet Pprint operation is conpleted, the
print time counter is reset (step S321), and the wait time counter neasures
atime until the next print signal is input. Wien the next print signal is
I nput, the vaLFqi%gf the wait time counter, the anbient tenperature, and
the correctiond & f orCHF IGIpeImt Date | T kastoy (Tempenathrae are read
(step S304 to S307), an output energy level is simlarly determ ned again
on the basis of the te %#%ﬁ%?ckﬁn¥%ﬁhhm§a tabl e before printing (step
S308), thus repeating the sanme control operations. - 62 - Inthe third
enbodi nent, a pProgFary e w; apl Of] GO[ T eqt ajt raure af the
sensor unit by aed@e‘rhguﬂ;ﬁ@alggﬂ:-ﬁ:%emﬁféturg E)Qet \w%gﬁ%tha %?entﬂﬁe&gerature
sensor unit and*fH&chér®drdi ng heaf minit |i simdoptmich Al teeimper ptmaee Keepi ng

current for colr c8EtdcR o va8RPET Al [T GO TIE ElICE TTRY. D _séuepi eg‘, o1t he
recor di ng head ; contral “ofl the carrectibn table fo atitain the
sanme tenperature iq&&gase as_that of the anbient tenperature sensor unit.
Wth this perature 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’
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
machine is started (step S301). In step S302, 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
the printed circuit 7 of the main body in step S$304.

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
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



arrangenment, the sane effect as descri bed above can be obtai ned.
Al ternatively, when a tenperature keeping current is not corrected based on
the correction table, a small tenperature keeping current may be supplied
to the recording head unit during an ON period of a power supply, so that
the recording head unit can have substantially the sane tenperature
increase as that of the anbient tenperature sensor unit. In this case, a
current which is determned in correspondence with a thermal tine constant
of tenperature increase characteristics of the recording head dependi ng on
a time frompower-on regardless of a software programis supplied to the
recording head., This control is equivalent to tenperature correction in
correspondenc€ Wit #%a pdRetheNcases of (Fig RIfidand oRFRied |1REs to
correct the tenperature of the recording head to be quite the sane as the
t enper at ur e iﬁg&’é:ﬁ%tdf‘gt frae tem%it%i%fnttqeerﬁ?é?‘g‘f‘iﬁ%gsré‘?% r*&rhce the
t enperat ure irg:{oeas‘%\eoftémhe anbient tenperature sensor is,_attained by

c

SUch as Cemrécti5h § TRAEY FATRTTT BT r BT Pe

conpl ex factors su

circuit board,yfieatngenfs atithd%d e, d el ag eachnisel f, and the like.

However, this control” is satistactory to correct a tenperature increase in

the machine. In thembae @O0 ERfaitegind el @ié Ofa 2€ COIMe NEotRtar
power-ON tinme is taken into consideration. Furthernore, heat generation

according to ais read. The wait time counter is reset to "0", as

described above, immediately after power-cn. In step
S308, the temperature control data table (Table 3) is
referred to on the basis of the corrected ambient
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 outpuﬁ data to
increase the temperatures of the nozzle portion $ and
the common ink chamber 12 of the recording head. Upon
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
coupﬁer is not so incremented just after the start of
the print operation. In step S312, 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 thé print signal (steps
S313 to S316). These steps are the same as steps S112

to S115 in Fig. 15, and a detailed description thereof

will be omitted.



energi zation tine of a discharge control driver such as a transistor or I1C
for printing may be taken into consideration. In this case, a read val ue of
a tenperature detected by the sensor unit is corrected an the basis of a
sum of correction data for a tenperature increase in the machi ne according
to an energization tine of the power supply unit and correction data for a
tenperature increase in the machi ne according to an energi zation tinme of,
e.g., a transistor for printing. Aecéidirng to this arrangenent, correction
can be nore reliably performed. O printers which are operated by an AC
power supply, when an AC plug is connected, a nmain power supply unit is
energized to initialize a control unit, and the like, and an actual print

operation is performmed tahoRirad uP@VRbne Wbl CRebtoit WA € sP@MRITgIWedch) is
turned on to energize the respective units of the - 64 _main body. In a

printer of thiusingpehese aprewretedzdaicantbi perdbrmheamparammaer supply unit
Is referred to as a hardware power-on tinme and an energi zation tinme in

whi ch the resFeRtngd dnitiagaprianéng 1edepy S3d7T)al lapd @ns dg.nan itshe
software power switch is referred to as a software power-on tine, if these
times cause difeF SRLOrEst (§&e™ $318) -anounts, the hardware and software
power-on tinmes are 'nd%PQndently measured, and a sum of correction val ues

fromthe correspon %y "M@t ddfeo FoRRbess 1fay e tashtistarFHDor di ng to
their lapses %&éﬂ'@%e print operation further continues, the print

time counter is repetitively read in step S311 via step
§320, and as the print time is increased, an energy
supply amount is deceased on the basis of the data on
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
before printing can be prevented from being performed
for each line.

Once the print operation is completed, the print
time counter is reset (step S321), and the wait time
counter measures a time until the next print signal is
input.

When the next print signal is input, the values of
the wait time counter, the ambient temperature, and the
correction table for a temperature increase in the
machine are read (step S304 to §307), an output energy
level is similarly determined again on the basis of the
temperature control data table before printing (step

§308), thus repeating the same control operations.



Fig. 26 is a view for explaining a tenperature increase in the printer, and
Its correction operation. Tables 7 and 8 show tenperature correction tables’
according to hardware and software power-on tinmes. 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
tenperature), and tenperature increagg correction can be precisely
performed. The software and hardware power on tinmes are neasured up to a
maxi mrum of 60 m nutes, and when they exceed 60 m nutes, values at 60

m nutes are hel d. - 65 - Table 7 Har dwar e Power - ON 20

40 50 Tine In th r r e nore
nor e nor e nor e CbrrchPon enpera %Pg OF‘Er?ér h%[erf{é£1fga
-1.5[err] C - ZfQ&eEkaeE%Qh% & %%h.@@%%qu“%E He seBsor urdt by 2 10
30 Tinme mn or mn mn or mn or mn or nore nor e nor e

nore nore Cdn.rféeirlenneTeﬁp%aﬂpw:ﬁtuQ-lée bekteenl cheambients 5[ err] C
-2.0[err]C -2.5[err]C Note that correction according to energization tines

of the tranS|§F@F§raﬁurn059msomawnwa padfl aheedecoraddigt itead ariie is
above- nenti oned tenperature i ncrease correction. When software is turned

of f or a prinB9Gp&REti of itemMPeFAItaKed kegepisgpsrarend finr roxtanting ed on
t he
a2 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
arrangement, the same effect as described above caﬁ 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
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
cur;ent which is determined in correspondence with a
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
with a power-ON time. It is difficult more or less to
correct the temperature of the recor&ing head to be

quite the same as the temperature increase of the



basis of the software power-ONtime or a print tine. For exanple, when the.
software is turned off in Fig. 26, a tinmer for software power-ON (a tiner
for software power-OFF nay be added) is increnented fromO to nmeasure a
sof tware power-OFF tine until the software is turned on again. A value
obt ai ned by subtracting a correction tenperature obtained with reference to
Tabl e 8 on the basis of the softwaré& ﬁGMET-CFF time fromthe correction
tenperature when the software is turned off is set as a final correction
tenperature. For exanple, in Fig. 26, since a correction tenperature when
the software is turned off is -2.5[err]C, if the software is turned on 10
m nutes | ater, 2ERd-andy (eempena tusrgevantage sinad the O[empgTa ey ubt r act ed
fromthe correction tenperature of -2.5[err]C, and a difference of
-0.5[err]Cis dS¥FIRTRPashe Amhiiento teRReRTIRE AN L5 RCHRNES bed
above, accordi to the third enbodi nent, if conventiopal.clased-|oop

t enperature co ro@“@'%ﬁ‘t T (TR &S FFOTHRTrYE e e ﬁh%a?ecordi ng
head i s not per , ns f.Qr neasuring an ' re is
arranged in a rgez(éqo'{r%ﬂ%h%@eeacggéft’é‘fu %qﬁF%%g%%gg?‘%%ré%%%é%ab% nmeans
for measuring ahenABZAAAPhddd™ flefk NoAla SANETAILON CHERERL: Of

apparatus nmain body Is arrahged to corrett a val ue nmeasured by the means
for neasuring tdsh&rdl e $LEDEDLLSy €6 dbatedt t&MPERPEHAEuRE t he

recordi ng head can be nore precisely controlled to a desired tenperafure by
open-| oop cont ridictdmse i in atloomeskimeal system

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 énergization
time of the power supply unit and correction data for a
temperature increase in the machiﬁé according to an
energization time of, e.g., 2 transistor for printing.
Acéording 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 (sofﬁware power switch)

is turned on to energize the respective units of the



Thermal problens in apparatus design such as the relative positional

rel ati onship anong the tenperature sensor, the printed circuit board, and
the recording head, ventilations, and the |like can be solved, thus greatly
i mproving a degree of freedomin apparatus design. Furthernore, an anbient
tenperature is corrected according to energization tinmes of the apparatus
mai n body and conponents in the machi®fe Twhi ch generate heat, so that a

| ocal difference in tenperature increase in the nachine, or an error in an
antici pated tenperature - 67 - of the recording head caused by a tine
difference due to a difference in thermal tinme constant are corrected, thus
attai ni ng pred?&e! tRefFer atin @ qritndr X cBridt reyRe, the aResent invention,
a detection limt of a tenperature sensor to be used is finely set, e.g.,
in units of 1 TROTTLFIr-I! SCiRgyree Bre RSN ROWPR TERPEY atB+8 £§ corrected
according to an?ﬁger%%zation timme, thus attaining a nore stable recording

T df Pt HAFEIFL RONCTTRRNEHBR 3WE1 2Be descri bed

state. The fourf . ( .
P! eSSl iSRS B LB ETRRELTRL, ot her
o A enmponeatIaed SPILLSHRIT LS AU S0 REELOLIR it |1
described .bel ogwitth £4tHefeLrOOMITLE | a Ao LRREBE Zp6%aR-bhMtRReOf if

these times cause different heat generation amounts,

the hardware and software power-on times are

independently measured, and a sum of correction values

from the corresponding correction tables may be

subtracted according to their lapses of time.

Fig. 26 is a view for explaining a ﬁemperature

increase in the printer, and its correction operation.

Tables 7 and 8.show temperature correction tables

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 correspondénce with a

temperature increase in the machine ( T of the sensor

temperature), and temperature increase co;rection can

be 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.
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t enperat ure cont

acceleration intervals in tenperature contro
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be described with reference to Fig. 28 show ng out put

Table 8
Software Power-ON o] 2 S 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 }|-2.3°C

Note that correction according to energization

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

basis 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 timer for

software power~OFF may be added) is incremented from 0

to measure a software power-OFF time until the software
is turned on again. A value obtained by subtracting a
correction temperature obtained with reference to fable
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,
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



tenperature control pulses and Fig. 29 showng a flow chart of pul se

I nterval correction. When a tenperature control pulse is output in step
S401, an interval between the previous tenperature control pul se and the
current tenperature control pulse is neasured. In step S403, a tenperature
control pulse interval correction tallee_is referred to on the basis of the
nmeasured pul se interval, thereby obtaining a correction coefficient. A
tenperature control operation anmount during printing is corrected on the
basis of the obtained correction coefficient. On the other hand, when it is

determned in ste §§Q} that the tenperature cont e.d oLt put ,
it is deternined ]th' St eplwrw‘?ect“r?é@ro A stzlgoﬁg)s{%acv%{gp%sséexgpﬁﬁ%% he
previ ous outpde 17 dMa| Ml &P (¥Hh dfiR IdOW Yol s e SbORiTas I N @

normal printing operation, sinc enperature control pul se has a

maxi mum of 1.Zisgﬁggg_éggfgéggon;ggéééfy%gﬁgyrns to step S401. However,

when the next print signal 1s waited, 1.2 seconds have often passed. In

this case, the flowmadyeseesbdé® SH&Fe S4zodding et ehiai srdrdn step S405
whet her a capping state is set. If YES in step S405, no operation is

perfornmed, andembediment} sifncetvetioi®yLl ,cldsad=Sloop stepp&488nreappi ng
(Fig. 28) is perforned in this enbodi nent when six seconds have passed upon
conpl etion of penhrehgbul 2 hbembeTappragsesseer intprpesytadkaBwiifeans. In
this case, the six seconds have passed to prevent a decrease in throughput
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
measuring an energizaﬁion 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
desired temperature by open-loop control than in a
conventional system.

Thérmal.ﬁrobléms in apparatus design such as the
relative positional relationship among the temperature
sensor, the printed circuit board, and the recoxding
head, wventilations, and thé 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
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



occurring when capping is perfornmed upon conpletion of printing because
cappi ng and uncapping require nuch tine. If NOin step S405, a tenperature
control pulse His automatically output in step S406 to naintain the head
tenperature to the sane tenperature as in a - 70 - carriage stop state
Since capping is perfornmed when six seconds have passed upon conpl etion of
printing, a maxi numof five tenperat6&fe-control pulses H are output. The

fl ow then advances to steps S402. In this enbodi nent, the same correction
as in carriage noving anount correction is perforned by neasuring the
tenperature control pulse interval. Since the tenperature control pulses H
are kept outpdt t@eNelbadinlh8cheadatearebgt ur eimensiiZiftenande de@pping is
performed even upon conpletion.of printing, tenperature control having

hi gher preci siton at dAIf fidrainden ia fhietinalg tieet sonsredE A ROPFETE@Gred. The
fifth enbodi nent of the present invention wll be described with reference
to Figs. 30 t&h3® attalabings precicel Zempeirs taFso FRsHClexenmpl i fies an
operation for protecting the recording head froman over heat state

al t hough t he recor ASFPTEAE it dhe pERseRteIWERTITYy hETRIMP®bodi ment

descr 1 Ded 004 le PIoT Do MLh Jols L0 Seegd & Mgl G ate S

print rate. F()é.ge'x’arg)rl Ei\inijsenofal 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
will be described with reference to Figs. 27 to 29 and
Table 9.
In this embodiment, another correction operation

different from correction (steps S11l4, S115, S211,
S315, and S316) using a carriage moving amount and
performed in the first to third embodiments in a
temperature increase during printing will be described
below. 1In either embodiment, an energization tining of
a temperature control heater 10 falls within the
acceleration (line-up) intervals at both sides of a
prinéable 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
interval of temperature control pulses for driving the
temperature control heater 10 in température control

during printing corresponds to a carriage moving



print rate is 50% or nore, as shown in Table 5, the correction coefficient
Is set to be 0% and tenperature control is not perforned. However, when a
high print rate exceeding 50%is continued for a long period of tine, an
over heat state occurs by heat generated by the recording head itself.
As is apparent fromTables 1 to 4, in order to prevent over heat,
tenperature control is not perforned&8Hewever, in this case, an over heat
state occurs due to heat generated by the recording head itself. In this
enbodi nent, the self tenperature increase in the recording head is
anticipated on the basis of a print rate. Wen an over heat state is

det erm ned by dnkurenti ci pated tenperature increase and an anbi ent
tenperature, printing in both directions is changed to printing in one

di rection, thereby Xreverddctiprvese fitiaiientalilse diftaSued DahatRabbasis
Lowresponse 0% or 12.5% or 25% or 40% or 60% or 80% or Duty nore nore
nmore nore noref apwlsmnterval of the temieratglre 24ontEOD Mukse¥al ue -
180 2500 3400 11300 13000 Table 11 Difference Data Tabl e Protect
0 or 150 or %EQ)?ﬁIEEEEFcFOHSEEEFcﬁ°REﬂQR¥°n (PwhFe imrbesvalnpre nor e
nore Difference 240 500 Table 12 Limt Data
Tabl e Anbi ent ©° r%ﬁﬁ%&??l:%ﬁ EﬁmﬁﬁFi??Eﬁ CoRR ) |49E BRI OBFARF1RIOLS

15[err]C o ISLERELEST TRIBPLA o' ks Seab P%usk®R0r BATse! O

interval correction. These data are obtained as
correction coefficients as the percentage with respect
to a reference interval (100%) when a period (1.2
seconds in this embodiment) required for moving the
carriage throughout the width is dgfined as the

reference interval.

Table 9
Pulse 0% or 25% oxr 50% orxr 75% or
<y 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
temperature control pulses and Fig. 29 showing a flow
chart of pulse interval correction.

When a temperature control pulse is output in step
S$401, an interval between the previous temperature
control pulse and the current temperature control pulse
is 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



Limt Value 100 100 400 2600 8000 16000 Tabl es 10 and 11 are data
tables of self tenperature increase control anticipation paraneters, -~ -
72 - and Table 12 is a data table of self tenperature increase
determination control parameters. A protect value is calculated to
anticipate a self tenperature increasggqin the recording head during
printing. The protect value is obtainea by adding a sum (Tabl e 1Q) wei ghted
with a |lowresponse print rate every one-line printing. However, when the
protect value exceeds the MAX value corresponding to the IOMFresponse pri nt
rate, the addltlone§% not performed. As shown in Fig. 30, since a practical

recordi ng head “R&& l@&uFPeﬁﬁéﬁé&nﬁenpér&F@P@r@GPFEEﬁEHH¥ﬁH-to a prlnt

duty, a protec a Jimt correspondin rint rate.
flg" 30 Shows SPEZRSe F}n%ﬁwa*%p BRSEA% RELAGIHE &FUF@%%&%&Q of e
recordi ng headypgrd ¢t iy Al d|ng rotect. val nting is
perforned at a pre etgr%?ne pr|n §%e %ﬁﬁé? ég% om&response print rate

i Iler- than th t f f; ht ed
is smaller- than theopr @Hed bt HU gﬁgr{da Shedy did fi ‘}fgcﬁljri]')ﬁﬁ/@%g e

by the protect value is subtract every prlntlng of one

difference-i s S0l ehaithahe’ tlcthpei iyl IRMHrYL igulRR f1f TRsk kagggise, t he
di scharge anount of the recordlng head is determned not by the print rate

but by the i nci¢ased desmmiatad dn pteir 4 MakiR)thes SlbwWeddnds thawd. Fi g.
31 shows a tenperature increase/decrease in the prlntlng head when
passed after the previous output. If NO in step S$404,
the flow returns to step S401. 1In a normal printing
cperation, since the temperature control pulse has a
maximum of l.2-second interval, the flow returns to
step S401.

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

If NO in step S$405, a temperature control pulse H
is automatically output in step S406 to maintain the

head temperature to the same temperature as in a



printing is started at the predetermned print -rate and the print rate is
decreased during printing. The - 73 - differences in Table 11 correspond -
to operations performed when the print rate is decreased to 0% When the
duty ratio is decreased to any val ue except for zero, the corresponding sum
I s added in correspondence with the given print rate. Therefore, the
differences in Table 11 correspond to those in Fig. 31. Wen the cal cul ated
protect val ue exceeds the corresp_nglng limt value (Table 12), over heat
protection is perfornmed. This protection operation is performed by changing
printing in both directions to printing in one direction. Wen printing in
one direction is set, the print rate is reduced to 1/2 tha't- in printing
in both directions, thereby preventing over heat. The_ | owresponse print

rate i s UsecRIDLaE catap estdtee pr o8 inte \ARRLME ChE RS FFRTFSH: FBSPonse pri nt
rate corresponds to a t enperat ure increase f

f i.e.,
heat st or aget® afRCenEF Y%S@%ﬁ%%dp¥Pﬂ? ?%T%f%sa?%gggnggnggngrO%QFE - ©

| nst ant aneous tenmp ture increase, An Q t oper ati on of
t hi s enbodi FRfit™ “l‘P‘{§1 l\ﬁ%sE"r“PB%’aa‘v‘\h‘F éﬁé?ggg%“?gg% heﬁarf sin Figs. 32
and 33. A wgi.p §|on &“Ef&w £n8 ?athESsCeHHEEE saQQOQ tenperature

I ncrease corre are se step S501) upon power-on operation. The
correction t'nethSthls 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
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
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
over heat which tends to occur at a high print rate is
prevented by correcting a temperature control 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
control is not performed.

However, when a high print rate exceeding 50% is

continued for a long period of time, an over heat state



then started (step S502). In step S503, a wait tinme is read. Wen the
count of the wait tine counter represents 30 seconds or nore, the print
time counter is reset in step S504 due to a reason to be described later.
Qperations in steps S505 to S515 are the sanme as those (tenperature

I ncrease correction in the machine and tenperature control before printing)
in steps S302 to S312 in Fig. 24, and7a detail ed description thereof wll
be omtted. It is determned in step S516 on the basis of a protect val ue
whet her a protect node is required. If YES in step S516, printing in both
directions is inhibited in step S517. If a carriage noving anount is 1/2 or
l ess of the oveycddrvplf hddt & g e deadsrdiiq i tedd epesEhlo so
that tenperature control is not performed in printing i'n one direction. The
operations in sispss gtk Soddh arp awtihero sy i s afdenrt@grsrent
operations corresponding to correction operations perforned by the carriage
nmovi ng anount igvehechdat sttémpdatite emodialents. no¥ t perfommednper at ure
control heater 10 is energized to performtenperature control during
printing in st &PWseEx, pin nthig cisenean igrer herk f HEace PECBrREAEE The
wait tinme counter is started (step S523). Wien printing is conpleted (step

S523), the floWreat FoReFated by oo re¢PEdind e ehbd8tfent shown in Fig.

24, when 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
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% o
Duty more more more more mre more
Sum 0 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 nore more
Difference| . 1 20 100 240 500

Table 12 Limit Data Table

Ambient 35°C or | 30°C or 25°C% or | 20°C or 15°C or 15°C or
Temperature more less less less less less
Limit vValue 100 100 400 2600 8ago 16000

Tables 10 and 11 are data tables of self

temperature increase control anticipation parameters,



- 75 - printing is conpleted, the print time counter is always reset (steps
S320 and S321). However, in this enbodinent, the wait tine tiner is reset
(steps S523, S503, and S504) when the wait tine exceeds 30 seconds. Wen
the wait tinme falls within 30 seconds, printing is assuned to be conti nued.
Therefore, the tenperature control power in tenperature control during
printing is set to be low. The details of steps S516 and S517 will be
described below with reference to Fig. 33. It is determned in step S601
whether a wait tine is equal to or “ndfe-than 120 seconds. If YES in step
S601, the protect value is reset to "0" in step S602. Wen printing i s not
performed for a period of 120 seconds or nore, the tenperature of the
recording head is assuned to be decreased near the ambient tenperature,

t her eby rel easindy Rad rldt ést anddea. thiblet ef SeQF termenathere of printing
dots for 15 seconds is counted. In step S604, an average | owresponse print
duty for past FHFreasiESem@inamion icontaiodulpaetiedfenshe nunmber of printing
dots counted in step S603. In step S605,_ the sumdata table (Table 10) is
referred to on the HRFESGE RdUSovksr saderdated e autidipans & selium
This sumis conpared with.the MAX value and if the protect val ue does not

exceed the MOETPHTRE T MRS S dde mEre TR fead dF g eps S606 and

S607) . 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.
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 iﬁcrease in the -
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
printing of one line. If 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
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



- 76 - In step S608, when the | owresponse print duty is smaller than the
previ ous | owresponse print duty obtained in step S604, discharge is taken
into consideration. That is, in step S609, the difference data table (Table
11) is referred to on the basis of the protect value to obtain a
difference. In step S610, the difference is subtracted fromthe protect
value. In this case, when the protect 7dalue is snaller than zero, it is set
to be zero (steps S611 and S612). Alimt value is obtained with reference
tothe limt data table on the basis of the anbient tenperature (step
S613). If the protect value does not exceed this limt value, printing in
bot h directi ongiffezencest épsTS614 andcoetbspohberef aperathionsstate is
canceled in printing in one direction (to be described later). If the
protect val ue BREESFTeEh¥hennitheygiat owvse heateczedses: mandd - | Whemep

S6l! 6, printing-&n ne directign is set. In this state, the print duty is
set to 1/2 that*tnBrnERhgCi AShEBLRTEREEE: iton ANYOVEr- W 8XEHT F€Tr event ed.

Furt her nor e, t he,ambi ent tenperature exceeds 3Q1C, the wait_tinme is
R I Y A B g ¥ R LR U

o ecrtons, "LeaBurlutoen SRanesate MLl " A AR |
recording head jgamalf ed4iCllbyARERASEY those in Fig. 31.

When the calculated protect value exceeds the
corresponding limit value (Table 12), over heat
protection is performed. This protection coperation is
perfarmed by changing printing in both diiections 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 aver
heat. |

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, instantaneous temperature
incfease. |

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

temperature increase correction timer are set (step

§501) upon power-on operation. The correction timer is

then started (step S§502). In step S503, a wait time is



- 77 - According to the fifth enbodi nent, as descri bed above, the increase
I n tenperature of the recording head is anticipated on the basis of the
print rate, and over heat of the recording head is detected. When over heat
of the recording head is determned, printing is changed fromprinting in
both directions to printing in one direction to reduce a print speed. An
energy applied to the recording head=iA%umit tine can be reduced to prevent
over heat. In addition, the equilibrated tenperature corresponding to the
print rate and a di scharge anount caused by a decrease-in print rate is
taken into consideration, thereby anticipating a tenperature increase in

t he recordi ng hesdd.Thehehortie Rt itHevaiottdmd aouwagEmnst a .
tenperature increase can be achieved. Wen the tenperature increase state

i s cancel ed by tmamEsEnhse J0nceaseiprat exiron, thah@aigde $i519 EIWREREt o0
printing in both-directions to increase a recording speed. In this

enbodi ment, overih&@sad ithster FWRhGurdr is TRV MY WIEFGHIRA t he
node fromprinting in both directions to printing in one direction.

However, any net Tray be enployed if an energy applied to the recording

T e O UL o B 18 R Al !
- 78- those (temperature increase correction in the machine
and temperature control before printing) in steps 5302
to §312 in Fig. 24, and a.detailed description thereof
will be omitted.

It is determined in step S516 on the basis of a
protect value whether a protect mode is required. If
YES in step S516, érinting in both directions is
inhibited in step 3515. If a carriage moving amount is
'1/2 or less of the overall width in step S518, the mode
is set in step S519 so that temperature control is not
performed in printing in one direction. The operations
in steps S518 and S519 are another series of correction
operations corresponding to coﬁrection operations
performed by the carriage moving amount in the first to
fourth embodiments.

After the temperature control heater 10 is
energized to perform temperature control during
printing in step S§520, printing of one line is
performed in step S521. The wait time counter is
started (step S§523). When printing is completed (step
§523), the flow returns to step 5503;

In the third embodiment shown in Fig. 24, when



of the discharge heater may be shortened. In the first to fifth enbodinents
descri bed above, print tine data, wait tine data, the energization tine
data, and the |like are preferably stored or timer operations are preferably
continued during the power-off state due,fo the follow ng reason. Wen data
is lost upon a power-off operation, the previous tenperature of the
recordi ng head i s unknown when the power switch is turned on again. As a
result, proper tenperature control cannot be perforned. The sixth

enbodi ment of the present invention will be described with reference to the
acconpanyi ng dr awPR§3tITY gis 3donplatedr sphet Pyanti cime| Cosnrari hg ahways

I nk-j et recording ‘apparatus which can suitably enploy a tenperature contro
net hod of the pregﬁggtih%EﬂP?o%?zﬁh%n¢n§3Péﬂ-reE@WﬁVﬁﬁrabﬁggg%ﬁs is of a

serial scan type in,.which head cartridge integrally including a _recording
head and an ink tZARCTERTD htﬁﬁeoﬁaétcﬁFSFaﬁém ved %Fﬁﬁﬁ sF?ESrﬁFﬁaf

redi P such 2, 35BARCE 38889 Al 85K 6ol BeACELeodlLo S kokehe

recordi ng apparatuS | hAcltGdes an’in 17an ecor

recording head 2 iheAnch8kuhet tea’ dhigsheadneli 5 deschasges-Ancink by

utilizing heat energy. The recording conprises an e rot her

conyeLsion el enenksaumdi. to be é89ntidfadl.Nkrhakeraear diig ReagdeZadizehar ges
an 1 n

control power in temperature control during printing is
set to be low.

The details of steps SS516 and S517 will be
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
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 S6§04, an average
low-response_print duty for past 120 seconds (8 times)
is calculated of the number of printing dots counted in
step S603. 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
MAX value and if the protect value does not exceed the

MAX value, the sum is added to the protect value (steps

S606 and S607).



froma discharge port upon growh of bubbles by filmboiling generated by
heat energy applied by the electrothermal conversion el enent, thereby
recording information. The ink tank 1 and the.recording head 2 are
integrally arranged to constitute a di sposabl e (exchangeabl e) head
cartridge as a whole. The head cartridge is nounted on a carriage 3, and
the carriage 3 is reciprocated in direetions indicated by a doubl e- headed
arrow A along guide rails 4 so as to nove along the recordi ng nmedium P. The
recording nediumP is brought into tight contact with a platen roller 5
constituting a recording surface and is fed in a direction I ndi cated by an

arrow f upon dr|V|nqjogtggesgbgteghhglkqg §owAﬁ% Jygaéaﬂ;NEylses

signal lines for supplying ink discharge signal p se currents and

recor di ng head sh@Iperaicuas @ﬁbug,&@embugumeﬁltﬁstgwéae guaeny divgy head 2
through the carriage 3. A printed circuit board 7 conprises an electrica

circuit for cowmbrtalinedg inheteecgsdidngdagriadiges.id rtdkdem iddtstrat ed
arrangenent, a tenperature sensor 8, a head drive constant voltage source
power transist @onsdderationd cOhadr tier, if sted S6OS ocdssidif iendandd/PU) 17,
and the like are mounted an the printed circuit board 7. The power

transi stor 18ad%afamfakide t H’ébé-@rrééﬁemss referadutinhen Hhelkasks @f circuit

on t he prlnt§9 CIrCUIt . The pomer tr sistor 18a controls an ink
di schar ge si gndi't aﬁ'ﬁ'@ O OPFAS R A ELCERNE] vplt AAXRR sensor 8

conprises a SGlO, the difference is subtracted from the protect

value. In this case, when the protect value is smaller
than zero, it is set to be zero (steps S611 and S612).

A limit'value is obtained with reference to the
limit data table on the basis of the ambient
temperatuxre (step S613). If the protect value does not
exceed this limit value, printing in both directions is
set (steps S614 and S615). Therefore, this state is
canceled in printing in one direction (to be described
later).

If the protect value exceeds the limit value,
over heat is determined. In step S616, printin§ in one
dirgction is set. 1In this state, the ﬁrint duty is set
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
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.



tenperature sensor consisting of a therm stor for neasuring a tenperature.
The tenperature sensor 8 is nounted 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 conponents in the_rggording apparatus and perfornms a
processi ng sequence such as tenperature control. Fig. 35 is a partial
perspective view showi ng a detailed structure of the recordi ng head 2.
Referring to Fig. 35, an ink path 20 which conmuni cates wi th each di scharge
port 25 and a connon ink chanber 12 for supplying an ink to each ink path
20 are forned inFIPEEENS &0 the LA fdihs cmogdmesdt e Sl R AR as a

di scharge ener generating el enent for applying discharge heat energy to
an ink in eaa?hoq‘lyen’k s 1 a?‘“aﬁ”ar?@&l’%rr‘i“é?%n q%nlé:ﬁfatrﬁa‘gﬁ?cp’w{%n recor di ng

IS to be pery &mg% 5l ' i1 from.t he J s A e common i nk
chanber 12 a}%%[ eac |‘n'k*dg'§ztah‘§;’f{) J[nf'u‘r%'o FRAsHe ,soufpprq&yetﬁ pe'rgt (Erl%é@%h%r\l/éﬁ) . An
el ectrical sig@lhdsf: b tHe IFRIGES ' | om Lot ed
circuit board 7 to each discharge dhierg]glre)a%%'tﬁ%u% t % flexi Pse‘}%%bl e 6.
Each di sciedgeohetie rddbridimeHad iy IR BROUShYideNes afe bubbl es
in part of the ink. Flying ink droplets are discharged from each di scharge

port 25 | ocatlahged tfmond it triaam i Bdsh RSt Ngo dbsLheige feater 13.
Each ink droplet is attached to

one direction to reduce a print speed. An energy

applied to the recording head in unit time can be
reduced to prevent over heat.

In addition, the equilibrated temperature
cortesponding 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,
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
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
recording head in unit time can be reduced. For
example, a predetermined wait time méy be provided

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



the recording nediumP to performrecording. Fig. 36 is a graph show ng
results obtai ned by sinmultaneously neasuring tenperatures of the base plate
24 of the recording head 2 and the tenperatures of the power transistor 18a
when predeterm ned pattern is continuously recorded on eight recording
medi ajby the ink-jet recording appa[aLH§_gescribed above. As shown in Fig.
36, the tenperature of the power transistor 18a is increased with an
increase in tenperature of the recording head 2. The tenperature of the
power transistor 18a as this electronic driving elenent is read by the

tenperature senspr_.9 d the tenperature of the recording head 2 can be
measured. Fig. %1-(7) e ac.%g?ﬂﬁf%? HmaY RhtFMEEERTEm for suitably

tici the t t { | 1 d of. t h¢ i Xt h, enbodj t.. AS
oo | bed above, a cif {1 EOTTeIeR (ot o SPRRbrstst e TR chherie ur es
a{) the recordi ng-figad. Znangh £ pe daej.@ec_fﬂ&&rc?%%aof éxﬁ& @&a@%ﬁé@éﬁ%%wa-
wever, different tenperature curves are obial ned due toO di erences

bet ween the heada€@pasid i €fe Of 1kd16 FLGOrL Sh BAMs Ko BEd $HCr DRUBT
transi stor 18a. - 82 - For this reason, a power transistor is selected

so that the heatpernpaiidy Die thite NOYEH1{ Iohst Siwdd ldarhegoere equal to that
of the recording head 2, or a heat sink is coupled to the power transistor.

Al ternatively, pewerteffestatepluattontis Heliovimg teasont ecWhan data
tenperature of the power transistor 18a by
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
. temperature control cannot be performed.

The sixth embodiment of the present invention will
be described wiﬁh reference to the accompanying
drawings.

Fig. 34 is a perspective view illustrating an

- .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 2 recording head and an ink tank is mounted
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

which discharges an ink by utilizing heat energy. The

recording head 2 comprises an electrothermal conversion

element array.



the MPU 17 so as to uniquely determ ne the tenperature of the recording
head 2 fromthe tenperature of the power transistor 18a. Wen the current
tenperature is lower then a predeterm ned tenperature, a short pul se which
does not cause formation of bubbles and di scharge of an ink is applied to

t he di scharge heater 13 in a non-recording node to heat the recording head
2. Wien the current tenperature exgegﬁs_the predeterm ned tenperature,
supply of the short pulse to the discharge heater in the non-recordi ng node
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 performng

tenperature contro ceordi.ng to the, sevent odi ment of the present
i nventi on. Referrikagtgnkrégg3§?c8r§éﬁﬁeP§thgngﬁﬁFggFgﬁéaFEr‘ is. .

orranged o MeatalBediseatdadpheat.LoleRoL LOKLABNL0.) g recording

head 2 in addition to a g€ he eac lg. 39 1is

a sectional vbewlihgwgagepatbdObyanBhtNbRArEy" a8 1RAAMY £nef this
enbodi ment. Referring to Fig. 39?aa constaﬁ?yvoPFaée sg%}ce power

transi stor ele88roth8imhdr cnireiregohhe lbRERES attes by ivedorddadier 10 is
arranged on the printed circuit board 7 in addition to a recording head
driving power infemsiasion.18a. Tenperature sensors 8 are arranged in contact
with the power transistors 18a and 18b, respectively. Fig. 40 is a bl ock

di agram of a cont r FResy3KeffRral Labhg shel opcrgdingemeedaturgecont rol net hod
of this .
integrally arranged to constitute a disposable

(exchangeable) head cartridge as a whole.

The head cartridge is mounted on a carriage 3, and
the carriage 3 is reciprocated in directions indicated
by a double-headed arrow A along gquide rails 4 so as to
move along the recording medium P. The recording
medium P is brought into tight contact with a platen
roller 5 comstituting a recording surface and is fed in
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
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
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



enbodi ment. Referring to Fig. 40, power transistors are selected so that
each of the heat capacities of the discharge heater drive power transistor
18a and the tenperature control driving power transistor 18bis set to be
1/2 the heat capacity of the recording head 2. Alternatively, a heat sink
I's coupled to each power transistor to set so that a tenperature increase
I n each power transistor 18a or 18b is doubled fromthe tenperature
i ncrease in the recordi ng head 2.'ﬁm§QGﬁperatures of the power transistors
| 8a and 18b are neasured by tenperature sensors 8, and tenperature signals
fromthe sensors 8 are converted into digital signals by A/D converters 16.
The digital signals are nultiplied with each other in the MPU 17, and the
product is addri¢ cpedtiedndirghiedaedtd A. corhecpowar cosffistsvar, 18aer eby
uni quely deternmning the tenperature of the recording head fromthe
tenper at ures of°THECHOWRR 1Rkl schrxgd soigmell 1GBTTARTakBi ERE tenperature
may be arranged and conbined with the

(roomtenperature ensaoyr - 84 -
t wo tenperaturﬁégéﬁéﬁ?go%e%?t%chégh?ot?mﬁﬁfﬁﬁk¥et?%ﬁ§?§t8r§°¥8§i§ﬁ8 f8b,
temer at ures ofPREEFERFECIML0P SERERFLaT St o EARFREPESF OB ( han a
nd & Short pur e e PR T e PR r ERe hetdo a5 Tk (o
applied to it,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. The
microprocessing unit (MPU) 17 controls the respective
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
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
‘arranged in each ink path 20.

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

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

discharge heater 13 through the flexible cable 6. Each



t hereby heating the recording head 2. Wen the neasured tenperatures of the
two power transistors 18a and 18b exceed the predeterm ned tenperature, at
| east one of the tenperature control heater 10 is turned off, and supply of
a short pulse to the discharge heater 13 is stopped is perfornmed to prevent
over heat of the recording head 2. Figs. 41A and 41B are partial sectional
views of printed circuit boards 7 for pgnfa mng tenperature contro
according to the eighth enbodi nent of the present invention. 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
t enper at ure sensqgy; enrj 1.0, ,41 di sc et gLy friving
power transistor ahéa%ea éea%erﬁ gﬁﬁr’% é"oen_%re(ﬁa.%oealtxg%%ﬁ Vi ng@gpl r
transi stor 18b argsd t | ggﬁﬁ ' int N astifaominie
tenperature senso?feri8él—iacs‘£én b%f_HbBl‘ééé_ r]irﬁ rma IflfE 2%}1%?% to thei h%at si nk 28.
The tenperature cofigIMedTRIFOE fcHdYgadtDOsh Nedh Cals fita PF&Cha£€d28ISi Ng
t he sane arrangenent as the control system shown in Fig. 40. In the
arrangenent of Filpcaldsd st ttHalddhasttanncot yeiné dderéspopdivey transistors
18a and 18b is set to be equal to that of the recording head 2, or an
anal og signal frotiscatrgepeater el3ensBacll iskcdnopletdisnattachedi tal
signal by an A/ D converter,

the recording medium P to perform recording.

*

Fig. 36 is a graph showing results obtained by
simultanecusly measuring temperatures of the base §late
24 of the recording head 2 and the temperatures of the
power transistor 1l8a when a predetermined pattern is
continuocusly 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
temperature of the recording heéd 2. The temperature
of the péwer 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
suitably 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.
ﬁbwever, different temperature curves are obtained due
to differences between the heat capacities of the

recording head 2 and the power transistor 18a.



[ ——

and the digital signal is subjected to correction processing in an MPU 17.
Therefore, the tenperature of the recording head 2 can be uniquely

determ ned fromthe tenperatures neasured by the tenperature sensor 8. Wen
the neasured tenperature is the predeterm ned tenperature or |ess, at |east
one of the tenperature control heater 10 and the di scharge heater 13 is
used to heat the recording head 2. .W8an-t he neasured tenperature exceeds
the predeterm ned tenperature, heating of the recording head by at | east
one of the tenperature control heater 10 and the di scharge heater 13 is
stopped, thereby perform ng tenperature control of the recording head 2. In

the arrangenment of '@fg'thﬁ.JsB’rte%esto%é:![a %%@Jengg_%%is-}%t%fr ti%etstoe Q¥4

transistors 18a and 18b and I'nk 2871S Selecte e equal to

that of the regpididhe At Tagdldi@NUd Wale) pdvidd 33 sidhalga from the
tenperature sensor 8 are converted’into - 86 - digital signals by the

A/ D convert er soeldbmean e digitdhlt YORHS v raifie el tD, af raect i on
processing in the MPU 17. Therefore, the tenperature of the recording head

2 is uniquely ersinled s rcamlerdlanceche (dowdre Yrerpeisttar es nmeasur ed by
the tenperature sensor 8. In the sanme manner as descri bed above, when the
measur ed t enpedkEeFnaAtiwely hepragidhmetine Pnengidian ke perfemeed ttee
recording head 2 is heated by at | east aqgne of the tenperature caontrol
heater 10 and THEFMSchAFYPRtEe =f HABRIET ARtk s &Y

the MPU 17 so as to uniquely determine the temperature
of the recording head 2 from the temperature of the
power transistor 1l8a. When the current temperature is
lower then a predetermined temperaﬁure, a short pulse
which does not cause formatioﬁ'of"bubblesland 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 thé predetermined
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
control according to the seventh embodiment of the
present invention. Referring to Fig. 38, a temperature
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.

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



tenperatures exceed the predeterm ned tenperature, heating of the recording
head 2 by at |east one of the tenperature control heater 10 and the

di scharge heater 13 is stopped, thereby controlling the tenperature of the
recording head 2. Fig. 42 is a partial sectional view of a printed circuit
board for perform ng tenperature canggol according to the ninth enbodi nent
of the present invention. Fig. 43 is a block diagramof a control system
suitably performng the tenperature control of this enbodi nent. Referring
to Fig. 42, a tenperature sensor 8 is | ocated near a discharge heater

driving power lta'i:a@%ir.‘swiv-}gng thid E@x@e%a%%rei LQLdey) tfadsedhe

tenperature sensor 8 to e ct1vely sense radiation heat or convection heat

fromthe di schargageeaer i Hrig dRANWRS iddRS indadis tBan thritergerad ure
sensor 8 - 87 - is preferably |l ocated at a | evel higher than a heating

source of the adirecitanddaghémiael ddriviindg pRewsr tdandissiaxr 8. since heat is
accunul ated in the upper portion. Referring to Fig. 43, in the control

syst em of t hi STempe#itneIe senedizs 8 i Armndiede filre tonradie awi th orhe he
power transistor 18a for the discharge heater 13 are neasured by the

t enper at ure sEBWHT FranEdsiPRmdltsy andidDb f mespewtiwed®r ature sensor 8 i s
converted into a digital signal by the A/D converter 16. Thereafter, the

digital signal is edbd§ & e idiagrm Qs 3 RPntFRk eBYSBRRi ci pat i ng
the suitably employing a temperature control method of this

embod;ment.

Referring to Fig. 40, power transistors are
selected so that each of the heat capacities 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
transistor to set so that a temperature increase in
each power transistor 18a or 18b is doubled from the
temperaturé increase in the recording head 2.

The temperatures of the power transistors 18a and
18b are measured by_temperature sensors 8, and
temperature signals from the sensors 8 are converted
into digitallsignals 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
the temperature of the recording head from the
temperatures of the power transistors 18a and 18b.

An ambient temperature (room temperature) sensor



tenperature of the recording head 2. The tenperature of the recording head
2 can be stably controlled to a predeterm ned tenperature by the above
control system According to the sixth to ninth enbodi nents as descri bed
above, closed-|loop tenperature control by the tenperature sensor

I ncorporated in a conventional recording head need not be perforned. By
using the tenperature sensor 8 arran@éd-in the recordi ng apparatus, the
tenperature of the heat-generating power transistor (driving elenment) for
applying a heat energy to the recording head 2 is neasured. The tenperature
of the recording head is indirectly neasured, and the tenperature of the

recordi ng headhad G 28-aRfdd A Ldnd i edeHitd thiRRRAluempe st wnepensi ve
recordi ng head tenperature sensor can =~ - 88 - be elimnated, variations

i n tenperat ur &dRasY ARidtadlde xOfeHd@owrrormtiaig ek ayBdhardl i ni nat ed,
t he manufacturing cost can be greatly reduced, and the product yield can be
greatly incredssu, Hectemnboirartinesire rshaiming SQRTFRFFIFEEES: di sposabl e
cartridge type recordi ng head. However, the tenperature control nmethod of
the present invent e sthRimeasnredl teuperatumg P e"slé?ltt‘f?\v%‘h‘f‘?’én is
SUbst ant | Al |y CRRRF TSR LhRrEH. LPRron, LT T € et SaneeRiied o
descri bed abovgémﬁgrgéﬁge?ngggiggﬂééré@&r&°&§ﬂt£éfnﬁé§E8£ 1§ ysed

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.

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
prevent aover 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.

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

Referring to Fig. 41B, a discharge heater driving
power transistor 1l8a and a temperature cont;o; he;te;
driving power transistor 18b are in contact with a heat

sink 28. In addition, a temperature sensor 8 is



as a driving element for applying a heat energy to the recordi ng head 2.
However, the drive elenment is not limted to the power.transistor. Each
enbodi ment descri bed above exenplifies a serial scan type ink-jet recording
apparatus using a serial scan type ink-jet recording head (head cartridge)
nounted on the carriage 3. However, the present invention is also
applicable to a line type ink-jet recording apparatus using a line type

i nk-j et recording head which covers ésrécording area in the w dthw se
direction of the recording nmedium and ink-jet recordi ng apparatuses

enpl oyi ng ot her recording schenes to obtain the sane effect as descri bed
above. The present invention is used in a variety of applications
regardl ess of “RRE"ALi¥erowbledcbodithg heat 82nk B8ads. The present

i nvention has excel|ent effects in a bubble-jet type recording head and its
recordi ng appar at uSPEnSPRBeFAKUFet crasoPdi MgtBereREs this embodimeny

arrangenent a pLingcipl the basic principles disclosed in, e.g., US P
Nos. 4,723,12gg3n e4?7§6§%§8 aPélBﬁngﬁaﬁPE? FRFENGERERE & B applied to

any one of an-gpsd e_gchene_apnd a g¢antinuous type schene. In
particul ar, when tﬁgag g%égpfﬁﬁgppﬁ ?%gap%ﬁred to the on-denand type

S appl i od 1o an ol act Pot horanpeasne e BTG HLAR, ) SRl A Mo o

correspondenceapatiit§ 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,
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
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
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 l18a and 18b and
tpe heat sink 23 is selected to be equal to that of the
recording head 2. Alternatively, the analog signals

from the temperature sensor 8 are converted into



sheet having a liquid (ink) layer or an ink path so as to obtain an abrupt
tenperature increase, thereby causing the el ectrothermal conversion el enent
to generate a heat energy. Filmboiling is caused on the heat application
surface of the recording head, and a bubble can be effectively fornmed in a
liquid (ink) in a one-to-one corres%%ndence with this driving signal. The
liquid (ink) is discharged through the correspondi ng di scharge openi ng upon
grow h and contraction of this bubble, thereby form ng at | east one

dropl et. Wen this driving signal is a pulse signal, the bubble is

I nst ant aneous]. wn .and contracts high speed 1iqujd (ipk) discharge can
be nore pref éraol g"x? EAASRNSd BYbrides i) é%ﬂ%%ﬁé zf&ép L)he 90 -

di scl d i 4,463,359 and 4 345 262,
a;:gc?:lteedl \r/]\/lclLiﬁS % errp?n Xy & ﬁ%csr“é:ggee 1"réﬁse ofcqtr‘he\%:er}:f aé%(“ltécsg
surface, as disGiHsegy 11 Séﬁh ﬂ%oéle 31&42&@ aeiter recordi ng

can be performed. A recordin ar r'angenment as t appllcatlon portions

arranged in thadelin@mray Asidliw '&bééz%;ﬁxed\bﬁx el and
4,459,600, is also incorporated in the present invention in addition to a
conbi nat i on (witleathe riemypédatirds meddured B tHovedmpdaira di scharge
port, an ink path, and an el ectrothermal conversion elenent, as disclosed
i n each specigensar dh. ofint HEhersame andmsner resdikd coibed habgresewtter nvent i on
is effective to an arr%xgenent havi ng

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
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
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
sysﬁem 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
temperature sensor 8 to effectlvely sense radlatlon
heat or convection heat from the dlscharge heater

driving power transistor 18a, the temperature sensor 8



a common slit as a discharge portion of the el ectrothermal conversion :
el enments, disclosed in Japanese Laid-Qpen Patent Application No. 59-123670
and to an arrangenent having a correspondence between an opening for
absorbing an energy pressure wave and a di scharge port, as disclosed in
Japanese Lai d- Open Japanese Applng%fMlF«L 59-138461. As a full-line type
recordi ng head having a | ength corresponding to the width of the maxi num
recordi ng medi umused in the recording apparatus, a plurality of recording
heads di scl osed in the above specifications nay be conbined to cover the
entire recording length, or a single recording head may be used. The
present i MeRTVERARLY rasaied mar el avrl g?#@&ra%hﬂ%s%rﬁ%@%ove. I n

addition, the _present.inventjon is also effective when an exchangeabl e chip
type recordi nsgooﬁ%% %%p"g'b? eéchr}m% RATEART | T T F ORTERT e A5 T HEPT

t [ ) | yi i nk t.h t i n body,
coriridge Tyt et ar mEHED | TRl AYee Gt CRPeR ey EEOPM ng hoad | s
nounted in the ap%@éfﬁﬁl&bpgél: é"reregglr%ggcg@@goieg9¥€éﬂ deans and a

suppl ementary assi sting neans are” pr arranged as”constituting

conponents ofthie® &mced ihéwt APPRd A tiSoR héde DA@SLEELLE¥EBAI RBatO furt her
enhance stability of the effect of the present invention. Exanples are a

recor di ng heaffrempphagporenstrans£soédi Dga heed €heaaisghaegasheatégcor di ng
head pressing neans, a recording '
13 are measured by the temperature sensor 8, and an
analag signal from the temperature sensor 8 is
converted into a digital signal by the A/D converter
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
above control'system.

According to the sixth to ninth embodiments as
described above, closéd-loop temperature control by the
temperature sensor iﬁcqrporated in a conventional
recording head need not be performed. By using the
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
temperaturg of the recording head 2 can be controlled

to a desired temperature.

An expensive recording head temperature sensor can



head suction nmeans, an electrothernmal conversion el enent, another heating
el enent, a conbination of the el ectrothermal conversion elenent and this
heati ng el enent, and an arrangenent for setting a prelimnary discharge
node for discharging i ndependently of recording so as to perform stable
recording. A recording node of the recording apparatus is not limted to a
recordi ng node for only a major cologgsuch as black. An integral full-color
recording head or a plurality of single-color recording heads nay be used.
The present invention is also effective to an apparatus - 92 - having at
| east one of a plurality of different colors or a color mxing full-color

mode. I n each githodiniRnle LS /dAed ;2pQVen %éﬁd&fadcd% rich H58hedfoNeVer, an

ink which is solidified at roomtenperature or less, an ink which is

sof tened or netdlekse\oi tHe RAUBAGRE halad @arOrbd famlkrmr&y, benaised.
Alternatively, an ink which is solidified or nelted in the general

t enper at ur e commuiagtangsagfc etan Gd grédEry |fedmyede arsedchan | nk-j et
printing. That is, any ink nay be used when it is nelted when a print
signal is applprafuct tyieldecanliby dreat 1A ingnaasady e i ncrease by a heat
energy may be positively prevented by using a phase transition fromthe
solid phase to the Fag anord%ﬁ#h@@mweFSGWP&f$%ﬁ &n an

exposed state o alqhii preve on of evaporation of the ink nay be used.
In either case %I TRe ‘i"c"éﬁi)tli‘-%?#of EPEePRF nt tRegnal

of the heat en@éﬁgérature 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
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
limited 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
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
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



may be used. In this case, the nelted ink is discharged. In addition, an
ink which is solidified at the tine of its arrival on the recording nmedi um
or an ink which is nelted upon reception of heat energy nay be applied to
the present invention. In this case, as described in Japanese Lai d-Open
Patent Application No. 54-56847 or 60-71260, an ink may oppose the
correspondi ng el ectrothermal conversggn-el enent while the ink is held in a
recess portion of a porous sheet or held as a liquid or solid body in a

t hr ough hol e. - 93 - According to the present invention, a filmboiling
schene is nost effective for these inks. In addition, as the formof an

i nk-jet recorgipggapparatus, the apparatus may be used as an inmage out put
termnal for a data. processing unit such as a conputer, a copying machine

as a conbination WrhB 8regader ;alehie ol s Ated 1AGS IdE ddaPnal g us
having a transm ssion/reception function. According to the present

i nventi on, asbhbblbeqatdeggbi&Q@ogagw@ neRld eeld At sAsSsdiiaty Wi th the
tenperature of the control circuit area is perfornmed for a control object
menber (the i RppPRrertrecindithe dmkajeityraceamiitigngahearss i n each enbodi nent)
to elimnate a control error as in a technique for detecting the state of

t he recordi ng mean@swhitise typdicadc aimangamenty ende gximardanke i sthper f or ned.
Since detection or anticipation precision is better_ than tenperature
control by t h®3Sdw PFNGIRLasedidckaned in, e.g., U.S.F. 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. In particular, whgn.the
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
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
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
signal, the bubble is instantaneously grown and
contracts, high-speed liquid (ink) discharge can be

more preferably performed. Preferable pulse shapes are



sensor and the detection error range of the tenperature sensor itself., _
executi on nodes based on various tenperatures can be accurately perforned.
In addition to the ink-jet recoding head utilizing a heat energy, the
present invention is applicable to heating elenments driven individually or
in units of predeterm ned groups, such as a thermal head for applying a
heat energy to an ink ribbon or a-p8Poas ink convey unit. In this case, any
t enperature sensor need - 94 - not be arranged directly on or near the
heating el ement. Disconnections of the sensor and sensor wiring |lines can
be elimnated, and the neasurenent is free fromsensor variations. In

particul ar, idischesst dmg fea npel anail a3%endedeteadithg B on is
| ocally heated to slightly change the response of the tenperature sensor
t her eby di satF9nei Ging Assaisiated neitihore THRPYFASER "r‘?ﬁfr%ﬁﬁeorﬁ:%ﬁ\ sol ve

this. In particular, the present invention provides gﬁorve%ous (ﬁfé ts in a
control obj ec?f neMdieqte applimatinn jBi-k AHFHEEP TS g ane T ke (sol i d
or liquid)) havin [ I her araneters_such . ' at capacity,
a head struct’&‘?e,ga@rﬂg&?i’r@ ?ani‘?ige‘gb%tm??°%€ %%}rl(a%t ers cause

variations in $§?é£$%% for accurately determning the tenperature due to a
use or drive B e. erefore, it is difficult to determne a timng at

whi ch accurate det gf #b03Lh eg! ReR8' & PLARGemERYCHE  nebBieappREEatioAvENt | ON

can solve this drawback.
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
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
a common slit as a discharge portion of the
electrothermal conversion elements, disclosed in
Japanése 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
diséharge 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
recording heads disclosed in the above specifications
may be combined to cover the entire fecording length,

or a single recoxrding head may be used. The present



In a bubble-jet machine utilizing an ink-jet boiling film proposed by
CANNON INC., the filmtenperature |ocally exceeds 300 [err]C due to
heat - i nsul ati ng expansi on of bubbles. Even if the paraneters having |arge
variations are included, or a |local heating portion such as a driving
swi tching diode is included, variation factors can be systematically
determ ned to performtenperature conl¥of, thus proving - 95 -
superiority of the present invention over the prior arts. In the scanning
type recording apparatus for scanning a recording head to perform
recording, an operation error of the tenperature detection sensor occurs
due to a scanmiRerpet cand furxitiéerencenbet tkenespeedsadudesgrsbadni ng and
the stop state. The present invention can solve this problem In the
enbodi ments deXRFTded above, technical arrangenents based on the
description of -the yespective conponents, and their nodifications may be
i ncorporated in théﬂbr 19y e oPreReRt cHRBERELPBNLG #B8At departi ng
-ink-jet recording apparatus for

i Schar gi ng. an™) SRoGH B IS 1 ST SERTERRYS FB4E FEPRCFPEPALBEoRaR,
| ncludes 2 MRS PN Al¢ M LOL LR LI LIS e el 2
noad durTng & Tomora iy e hdy AR PEBALYLAS Eh Thi"8:8h HIg Tecording
apparatus main body, or a cartridge type recording head
integrally formed with the recording head is mounted in
. the apparatus main body.

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
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

- element, and an arrangement for setting a preliminary
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
as black. An integral full-color recording head or a
plurality of sipgle-color recording ﬁeads may be used.

The present invention is also effective to an apparatus



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. - 96 - 1. An ink-jet

recordi ng apparatus for discharging ink droplets froma recording head to
performrecordi ng, said apparatus conprising: heat neans for heating said
recording head to control a tenperature of ink; tenperature neasurenent
means for measuring an anbi ent temerature of said recording head; tinmer
means for measuring a tine period in which a change in tenperature of said
recording head is affected during a previous recordi ng operation; -and
control neans for subsequently controlling an energy to be supplied to said

heat nmeans Ravénd®astsle@isthendi #8 Peflecalbeguseddbyfemedtt cokorgeans with
respect to the anbient tenperature nmeasured by said tenperature nmeasurenent
means. 2. #n appalatumigingr gubj-tolctamesdéd, wherein said tiner nmeans
measures a record tine of said recording head, the record tinme being a tine
period during whiEshesghdembedineny #eadribedoabeyed andig@dfodms recording,
and said control means supplies the energy to said _heat neans during the
recordi ng opér 86P8n. Boweveg . aaBaiBku¥hiERoLEi AGLLG SRS TRA%r ei n sai d

cont o eansesulRlies Lo 208 L 0o2o A ERL SRR P Al el o

wher ei n Sai%v%%P%EOEoom 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
be used when it_is melted when a print sigmal 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 phgse to the liquid
phase, or an ink which is solidified in an exposed
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. 1In addition, an ink which is solidified at
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
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.



means controls the energy supplied to said heat neans on the basis of an
energy supply interval of said heat neans. 5. An apparatus according to
claim 3, wherein said control neans controls the energy supplied to said
heat neans on the basis of a content of a recording signal of next and
subsequent |i nes. - 97 - 6. An apparatus according to claim2, wherein
said timer means neasures the recaygfine of said recording head by
counting one of a nunmber of recording Iines and a nunber of recording
characters. 7. An apparatus according to claim1, wherein said tiner
means measures a non-record time of said recording head, and said control

means supplies_the, ener t.0o sai d heat. neans. just_ bgf . recordi ng
oper at i on. 8.£cc%djafb%a€ {he a&%%?‘%ffmd‘%%e’&’a T 2 %%2?%{‘%%5% ti mer nmeans
measures a re i a_ ppn-recor i L& recording head, the
record tine b%?’ﬁ\%n% {?n@g%’ér?%%e%ﬁ fé;gpﬁ%i%ﬁegéi%ﬁ#ecordi ng head is

conveyed and perf offBad@LRL G Nag t e NENm S€044 1hKEjEEI Bcarding period
during which said recording head does not performrecording, and said

control meansagparatus,t tike cappe¥atuPhaelbé ousad dasecah image dutpuy the
recordi ng operation on a basis of the anmbient tenperature and the record
time, and contemhingéhefeneaggasapptoedssngannihesucheadsapeppputery he
recording operation on a basis of the anbient tenperature and the
non-record tifecopying/maghineasasaagenbinagies withnprsrepgernher the

conprising: print rate nmeasurenent nmeans for peasuring a print rate during
a predet er m nédkeirnBRGf asARESiBLSRIRRERRRENS BAYLRAPei n

transmission/reception function.

According to the present invention, as has been
described above, correctioﬁ associated with the
temperature of the control circuit area is performed
for a control object member (ﬁhe ink-jet recording
apparatus recording means in each embodiment) to
eliminate a control error as in a technique for
detecting the state of the recording'means while a
direct temperature measurement is performed. Since
detection or anticipation precision is better than
temperature éontrol by the conventional temperature
sensor and the detection error range of the temperature
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
predetermined groups, such as a thermal head for
applying a heat energy to an ink ribbbn or a porous ink

convey unit. In this case, any temperature sensor need



said control neans controls the energy supplied to said heat neans on the
basis of the print rate nmeasured by said print rate neasurenent neans. 10.
An apparatus according to claim9, wherein said control neans controls the
energy supplied to said heat neans on the basis of the anmbient tenperature,
the non-record tine, and an anticipated tenperature of said recording head
at an end of previous printing. T -MY8-" 11. An apparatus according to claim
9, wherein said print rate neasurenent nmeans neasures a print rate by
counting the nunber of discharge pulses per unit time. 12. An apparatus
according to claim9, wherein said print rate neasurenent nmeans neasures
print rates otot $¢rarranged pdiredtiindm eeceed=t FA® PBRF6BSI onger than the
first period, and said control neans controls the eneray suggkied to said
heat means on®+EBeBEsi sDLFCPRREGELFRS raf et SEREFi FBE §RTSécond time

i ods. 13. Al t ding.t Lm 8, .f h IL.SNg.
bner o1 2at i on PHTEAUSHPAneRE. HEaRGLPoPs HeRe PP aR BRaror Tayon i me of

sai d apparatu n eLej a| nmeaps =t he neer gy supplied
to said heat g%%%sggﬁntﬁghgggigggﬁgg%égéhergﬁzgggg%egﬁﬁgangggﬁ%ed by said

energi zat i on Eggagggf@glﬁsg'eahgneaaﬁenwuéayape.aEﬁt HeaRGef Pdigidm clai m

13, mhgrein sali nmean .nDdierS t he anbiept tenperature of said
recordi ng appakatibeadiyt Reakesdl £c0klikatepechangie ahd iresparsd raff s the

energy supplied to said heat nmeans during the recording operation on the
basis of the nheé fietpheruituee setisper,atieeedyd dilsalldoyg cdccurate
determination. The present invention can solve this.

In particular, the present invention provides
marvelous effects in a control object member (e.g., an
ink-jet recording head using an ink (solid or liquid))
having variocus thermal parameters such as an ink heat
capacity, a head structure, and heating of the above
member. These parﬁmeters cause variations in position
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
pexrformed. However, the present invention can solve
this d?awback.

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 2
local heating portion such as a driving switching diode
is included, variation factors can bé systematically

determined to perform temperature control, thus proving



time, and controls the energy supplied to said heat neans prior to the
recordi ng operation on the basis of the corrected anbient tenperature and
the non-record tine. 15. An apparatus according to claim 13, wherein said
energi zation tinme neasurenent nmeans neasures a first energization tinme for
energi zing a ‘power source unit in said apparatus and a second energi zation
time for energizing each conponent i%? said apparatus, and said control
means controls the energy supplied to said heat neans on the basis of the
first and second energization tines. -99- 16. An apparatus according to
claim8, wherein said recording head has a plurality of discharge ports for
di schar gi ng tsuperilomiitsh dihecle girenatgyindentiion apper R BEE¥F ding to
claim 8, wherein said recording head conprises a plurality of discharge
ports for di & ging an ink, and heat energy generation neans, arranged in
units of discharge ports, for causing a state change in_ink_by heat,

di schar gi ng the i Nk {§fn SGARAERG CHEPY TR FL 7T t %55F550?0¥he state

change, and formng a flyin roplet.  18. An aratus_according to claim
G Wber e s AN o ARTREILRE Beaq T URERRE TopaaLEdenal’y formmd | n
said apparatus._19.. An__apparat ccordin t LS rein said
recordi ng hed%?? g%fa% ?ﬁf&gléﬁegﬁ§p eﬂ%ﬁ?ﬁjgﬁgpgﬁ?%?Fgeoneggggharge ports
Chveratud D BErERh A6 ES0E b ot Al led 198750 LaRcERMT bdveol
speéds during scanning and the stop state. The present

invention can solve this problem.

In the embodiments described above, technical
arrangements based on the description of the respective
components, and their modifications may be incorporated
in the present invention in a combinaticn without
departing the spirit and scope of the invention.

An ink-jet recording apparatus for discharging an
ink droplet frcm a recording~headwto_performwrecording
includes a heating element afray for heating the
recording head, a temperature sensor for measuring an
ambient temperature, a timer for measuring a time
associated ﬁith a temperature variation of the
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.



apparatus is applied to a facsimle apparatus for recording a recording
signal received through a communication line. 21. An apparatus according
to claim8, wherein said control nmeans controls the supply energy on the
basis of a pulse width of a drive pulse supplied to said heat neans. 22. An
apparatus according to claim1, furthertgonprising: print rate measurenent
means for nmeasuring a print rate in a'p? determ ned tine period of said
recordi ng head; tenperature increase anticipating nmeans for determning a
tenperature increase caused solely by a recording operation of said
recordi ng head on a basis of the print rate neasured by said -100- print
rate neasurenent means; and tenperature increase protection neans f or
limting supply. of Ameinkededi neermsiing t eppardtnscdfall ngikehdrghnghdnkasi s
of the te e d egse L ge said t ' S€ aai
antici patclﬂr:\) %géns.f% _%Anrgg%gég}tlgsq%%%%r |°ngbt$gE§ al l#%%élg%gg'ei nsas?'gi d

t enper at IFRPEFRFEHSEOMRPHEEERI b neans limts supply of the recording energy

by changi ng recor ditigat dOhE £bF A ONFg S EGUSII N 1l did Fnitdbl 24.
An ink-jet recordlngragggratus for discharging ink froma plurality of
di schar gi Ag-PRREFBHEr D94 +”%brdi ng head to perform recording, said

apparat us conpri si ngemperaturantednirdeait mpasd doremeasurgngeanl dnbicott r ol
oo Chdgfhehal o SREASHUCE-UERS IR Toans Lo sl 0 o0
recordi ng head; timer means for measuring a time period in which a
change in temperature of said recording head is affected during
a previous 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.

2. An apparatus according to claim 1, wherein
said timer means measures a record time of said
recording head, the record time being a time period during which
said recording head is conveyed and performs recording, and
said control means supplies the energy to said heat
means during the recording operation. '

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

4. An apparatus according to claim 3, wherein said control
means controls the energy supplied to said heat means on the
basis of an energy supply interval of said heat means.

5. An apparatus according to claim 3, wherein 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.

AR



print rate measurenent neans for neasuring an ‘average-print rate during a
predetermned tine in the plurality of discharging portions of said
recordi ng head; and control means for subsequently controlling an energy to
be supplied to said heat neans on a basis of the anbient tenperature
measured by said tenperature neasurenent nmeans and the average print rate
measured by said print rate measurenent -nars. 25. An apparatus according
to claim 24, wherein said print rate neasurenent means neasures the average
print rate by counting a nunber of ink discharge pulses per unit tine. 26.
An apparatus according to claim24, wherein said print rate measurenent
nmeans neasures print rates of a first tinme period and a second tine period

| onger than tfhe fifBt3PRAFBHUS s@gcording1to salaiRoht rifreRRihsSththiter ¢ he
ener gy speRhkOfledubés tHE FectRANEiMNB bHesRS ireddrdihgy néaatbya&amﬂtng he

first and secqgnd ti e An_a arat s_according_to cla ,
further BBﬁpPgsPnB HF?EE fnﬁﬁﬁgraﬁPgnéé a2 rggﬂﬁartgﬁerﬁ?°§§+ﬁg
recordi ng head, the record tine being a tlne period during which said
recordln ? % conveyed and perforns recording, and wherein said control
means conP S ? € energy supplied to said heat nmeans on the basis of the
record tinme neasured by said tinmer neans. 28. An apparatus according to

claim24, furgher ﬁﬁ”ﬁﬁbﬁkaﬁust h&é&r&?ﬁ?sté%lgﬁﬁsﬂr | e Pe 10 Nad £8 Of fhd s+ ME
of said recordlng head, "t he non-record bei,ng a tinme period during
means measures’ a non-record time of sald recoxrding head, and
said control means supplies the energy to said heat

means just before the recording operation.

8. An apparatus according to claim 1, wherein said timer
means measures a record time and a non-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 head
does not perform recording, and

said control means controls the energy supplieé.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 operatidﬁfbﬂﬁ
a basis of the ambient temperature and the non-record time.

9. An apparatus according to claim 8, further comprising:

print rate measurement means for measuring a print rate

during a predetermined time of said recording head, and wherein

' said control means controls the energy supplied to said

heat means on the basis of the print rate measured by said print
rate measurement means.

10. An apparatus according to c¢laim 9, wherein said control
means controls the energy supplied to said heat means on the
basis of the ambient temperature, the non-record time, and an
anticipated temperature of said recording head at an end of
previous printing.

A



whi ch said recordi ng head does not performrecording; and wherein said
control neans controls the energy supplied to said heat neans on the basis
of the non-record tinme neasured by said tinmer nmeans. 29. An appar at us
according to claim 24, wherein said recording head has a plurality of

di scharge ports for discharging the ink wwth the heat energy. 30. An
apparatus according to claim 24, whereitP&aid recordi ng head conprises a
plurality of discharge ports for discharging an ink, and heat energy
generation nmeans, arranged in units of discharge ports for causing a state
change in ink by heat, discharging the ink fromsaid di scharge port on the
basis of the state change and formng a flying droplet. 31. An apparatus
according to dilai mAP APEREAEUS SECETAASGr donGLRABd deolBereds §adfsBELRbI e

recordi ng:afwdn@l@é@fémaw heANEd mel stidled @pﬁfﬁﬁﬂsrate B 2codrRtidl the

apparat us accor di 0 Clalnbﬁéf wherein said recordlng head conprises a
full-1i né‘“l“ﬁ.’&fr fﬁ% S2SH PG JiM§i-schar ge ports spanning an

entire recording width of a recording nedium 33. An apparatus according to

claim 24, whergjn iEB%r fu plied t CS PR, @t r
recording a reg%rdlng gnatﬁﬁe elvegﬂfﬁﬁghgﬁﬁgggb ng%ggﬁgn Eﬁ B§§&9
appar at us:momelawgreme@t ameaRs ndaswies sprdntomatsis nefing cﬁ)wtiit)l timepe

suppl y efif‘efﬁ)bd)%nhhﬁ Q@ééﬁd oéu?e wﬂ%afwl@haeef tﬁaﬂrtﬂé Pl Se palRld, ednk0
sai d heat neans. . An 1 nk abl recordi ng g paratus for discharging an_ink
t

droplet froma recoﬁ%qﬂ§°ﬁ§ BERRF (AM TR e gResgy Supplied to said

heat means on the basis of the print rates of the first and
second time periods.

13. An apparatus according to claim 8, further 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 measured by said
energization time measurement means.

14. An apparatus according to claim 13, wherein said
control means modifies the ambient temperature of said recording
apparatus on the basis of the energization time, controls the
energy supplied to said heat means during the recording operation
on the basis of the modified 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 ambient
temperature and the non-record time.

15. An apparatus according to claim 13, wherein said
energization time measurement means measures a fifst energization
time for energizing a power source 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 said
heat means on the basis of the first and second energization
times.
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apparatus conprising: heat neans for heating said recording head to control.
a tenperature of ink; energy supplying neans for supplying an energy to
sai d heat neans just before recording of one line; interval neasurement
means for neasuring an energy supply interval of said energy supplying
means during a previous recordi ng operajg-on; tenperature neasurenent neans
for measuring an anbient tenperature of said recording head; control neans
for subsequently controlling the energy supplied to said heat nmeans on a
basis of the energy supply interval neasured by said interval neasurenent
means with respect to the anbient tenperature neasured by said tenperature

measur ement ns 6. at n135 n
recordi ng hegg%hasAg pF§$3?8?§EOf¥%c %%ége ports 3|sc g?g%%g t%e I nk
wi th t herkrearddngrggad has BOplugaliny a’ppmmnsrmmnﬁmgorodmahwmg

wher ei n gﬁbdlhﬁcg&qhnghgeggagogggk§§s a plurality of discharge ports for
di scharging ink, and heat energy géneration neans, arranged in units of

di scharge ports, for causing a state change in i nk by heat, discharging the
i nk from sai didi.schar gappatasusn ddcobashg Ofot it @ chaggeeiandsoan ng

g R et g hodd, SBRGEERHE, o8I OE R4, L Aena i e e o

sai d appdischargiag Am.apnaranustaﬁxtwehemEYCgenemamiﬁh méane| naspanged
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.

18. An apparatus according to claim 8, wherein said
recording head is of a disposable type detachably formed in said
apparatus.

15. An apparatus according to c¢laim 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.

20. An apparatus according to claim 8, wherein said
apparatus is applied to a facsimile apparatus for recording a
recording signal received through a communication line.

21. An apparatus according to claim 8, wherein said control
means controls the supply energy on the basis of a pulse width
of a drive pulse supplied to said heat means.

22. An apparatus according to claim 1, further comprising:
print rate measurement means for measuring a print rate

in a predetermined time period of said recording head;
temperature increase anticipating means for determining
a temperature increase caused solely by a recording operation of
salid recording head on a basis of the print rate measured by said

* [ L M S *



recordi ng head comprises a full-line recording head having a plurality of

di scharge ports spanning an entire recording width of a recordi ng nmedi um
40. An apparatus according to claim 35, wherein said apparatus is applied
to a facsim |l e apparatus for recording a recording signal received through
a comuni cation line. 41. An apparatus_gggording to claim35, wherein said
control neans controls the supply energy on the basis of a pulse width of a
drive pul se supplied to said heat neans. 42. An ink-jet recording apparatus
for discharging an ink droplet from a recording head to perform
recordi ng, said apparatus conprising: tenperature neasurenent means for

neasurigg an anb%ent tengeratﬁre of said.recording head; print rate
measur enBht fredRs S BPCREAENPRRg™8BP i nt™PFat e during a predetermined tine
during a previ ous tempedahyrepdmaineaseof psatedctionr deeagnefdr tleimpicriaiqir e

. Vi ' d T I . . q
so ely by BPLE ok (e CEED5rafha (EREEHY" 30 dhid PEEALHLES BERATTG S
print rabasksacfirthe iemparature igeregsendetgruinedsivesehd tRRDRCatuRe

t enper at yherbRckCan®iBipheEhOReARaNS for subsequently limting supply of
the recording energy to said recording head on the basis of the tenperature
I ncrease determ ned by said tenperature increase anticipating neans. 43. An

appar at us accasdi ngnt cCapparatds®, adwerdingsatd telgpnatay,.e whereane said
pr ot ect | Qa,eans Lo § 5L g0 id VIt 308! el =CANR 09 RGP Nge MOt P

directio recording rn
recording energy by changing recording in both directions to

recording in one direction.

24. An ink-jet recording apparatus for discharging ink from

a plurality of discharging portions of 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 ambient
temperature in said apparatus other than a temperature of said
recording head:;

print rate measurement means for measuring an average
print rate during a predetermined time in the plurality of
discharging portions of sald recording head:; and

control Means for subsequently controlling an energy
to be supplied to said heat means on a basis of the ambient
temperature measured by said temperature measurement means and
the average print rate measured by said print rate measurement
means.

25. An apparatus according to claim 24, wherein said print
rate measurement means measures the average print rate by
counting a number of ink discharge pulses per unit time.

26. An apparatus according to claim 24, wherein said print

rate measurement means measures print rates of a first time
period and a second time period longer than the first period, and

AR ]



direction. 44. An apparatus according to claim42, wherein said recording
head has a plurality of discharge ports for discharging the ink with the
heat energy. 45. An apparatus according to claimd42, wherein said recording
head conprises a plurality of discharge ports for discharging ink, and heat
energy generation means, arranged in unlh 1of di scharge ports, for causing
a state change in ink by heat, dischargi g the ink from said discharge
ports on the basis of the state change, and formng flying droplets. 46. An
apparatus according to claim42, wherein said recording head conprises a

di sposabl e recordi ng head detachably formed in said apparatus. 47. An
apparatus according to claim42, wherein said recordi ng head conprises a
full-1ine recordi ngah@acbrens Nehernd toAkirblsothdi andryysuppliiedspansaid an

entire rgcording w dth a,recaordi nmedium .48, An a ar u gto
claim 42g \?Arielné Ssal g%ﬁalbg’tsu |s€g‘f)’b i 8 51P5 fq‘tacm ﬁ%pms)faqu’:ast us&w
recor di ngeeondctimengesiigddal recei ved through a connunlcatlon l'i ne.
REPLACEMENT SHEET - 105- 49. An apparatus according to claim42, wherein

said control neans_controls the supply enerqf on the basis of a pulse width
of a drive puPde sAPPRPRACITNS FoFHFEdngrEarclalm. Z%anﬁIFhFEtc?%*%ﬂ-lh%

apparatus for di schamgirngeafisi ﬂKrdﬁ\GEEﬁiinf;r amracbeaotdmegoeadiio perform
eor o o3l o BB e SRS (ke RS HLne bel22k B nicn
said recording head is conveyed and performs recording, and
wherein
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 comprising:

timer means for measuring a non-record time of said

recording head, the non-record time being a time period during

which said recording head does not perform recording; and wherein

said control means controls the energy supplied to said

heat means on the basis of the non-record time measured 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.

30. An 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 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.

31. An apparatus according to claim 24, wherein said
recording head comprises a disposable recording head detachably
formed in said apparatus.
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a tenperature of ink; an electronic elenment for supplying an energy to said
recordi ng head; tenperature neasurenent neans for neasuring a
tenperature of said electronic elenent; timer neans for nmeasuring a tine
period in which a change in tenperature of said recording head is affected
during a previous recording operation;_a@gbqpntrol means for subsequently
controlling an energy to be supplied to Sard heat neans on a basis of the
time period neasured by said tinmer neans with respect to the tenperature of
said electronic el enent neasured by said tenperature nmeasurenent neans and
for determning a tenperature of said recording head on a basis of the

tenperature of _said electronic elenent.. 51. An ratus according to. ¢l aim
50, wherein sé?d cBRt rARPHERHES ¢ AFEOFHE G e t8N 6T up“’pﬁs'i ey PGSR ds?lje‘gt
means onréeherfiangs hefad heomprtisepateduldrldmns urecotdinagdheadortdivigighead

determn .d_co . ratu r di l.a 1,
wherei n BanastEEscotr Hti8hatle Borne spUnAPRY’ 8} SpBFER" SLOM-aRag AR
board i nofapdrappadingsmedduman apparat us according to claimb52, wherein
said tenperature neasurenent nmeans is in contact with said electronic

el ement. 54. An apparatus according to claimb50, wherein said recording
head has a plaﬁalig9 8PPaFatHar §ECPEALRIf &P GladMardi-nyhereirn®adfi h t he

heat eneagparabusAlsappialdd s car 6hagin®lel apPardtushefcy nceéedtiing - £06-
recording signal received through a communication line.

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.

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

heat means for heating said recording head to control
a temperature of ink;

energy supplying means for supplying an energy to said
heat means just before recording of one line:

interval measurement means for measuring an energy
supply interval of said energy supplying means during a previous
recording operatioh;

temperature measurement means for measuring an ambient
temperature of said recording head;

control means for subsequently controlling the energy
supplied to said heat means on a basis of the energy supply
interval measured by said interval measurement means with respect
to the ambient temperature measured by said temperature
measurement means.

36. An apparatus according to claim 35, wherein said

recording head has a plurality of discharge ports for discharging
the ink with the heat energy.
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recordi ng head conprises a plurality of discharge ports for discharging

I nk, and heat energy generation nmeans, arranged in units of discharge
ports, for causing a state change in ink by heat, discharging the ink from
sai d discharge ports on the basis of the state change, and form ng flying
droplets. 56. An apparatus according to c]aimb50, wherein said recording
head conprises a di sposabl e recording heaHxhetachably formed in said
apparatus. 57. An apparatus according to claim50, wherein said recording
head conprises a full-line recording head having a plurality of discharge
ports spanning an entire recording wdth of a recording nedium 58. An
apparatus according to claimb50, wherein said apparatus_is applied to a

facsi nile appatat ust® oPPPECEHSNg2ECPELSREi P sicgid™ r cei VEREESIDHUGRIE
comuni catdddrdin®. nbdd Avonifiiel U anAAliitG t 6f Cldigetgenpsets Faird

contr ol n‘gasn controls the %&'plgl 1:energgyon the_basis_of a pulse w thnof a
drive pul TS *Qﬁjf%33a? he3T - nBRREYY 68 RERECRBAMEA EonfFERPSRG &

t enper at el e dikcharge eports ngfappaaasisghavetgte chengdi ng Hakd byor

di schar gifih @n 44e I} tnlkedhx"BAOR dHa 'ﬁ@dﬂ%&ﬁ%aggg&‘%c%d‘cﬂg gad
tenperature neasurenent -~ neans for neasuring a ient tenperature,

and ti nerofethe stateehangeg andofirring E1YIRS dlrerdets ecor di ng head,

conprising: the first step of, just before a recording operation, supplying
an energy to sajd heat neans to control ,a tenmperature Qf said recordin

head on the ba@s Pt RPPRATRTT RERPpERARE! egﬁeéﬁl&j 8§'sa"fkbe¥%:}fbers e
nmeasur enmergcomdirsg drnehd onmmni et G dits pos abilas wesbddi mep it ad dertanbabdy and
the secong,step £f ;&wla@&&&;pordi ng signal to said

39. An apparatus according to c¢laim 35, wherein said
recording head comprises a full-line recording head having a
plurality of discharge ports spanning an entire recording width
of a recording medium.

40. An apparatus according to claim 35, wherein said
apparatus is applied to a facsimile apparatus for recording a
recording signal received through a communication line.

41. An apparatus according to claim 35, wherein said
control means controls the supply energy on the 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 recording, said
apparatus comprising:

temperature measurement means for measuring an ambient
temperature of said recording head:;

print rate measurement means for measuring a print rate
during a predetermined time during a previous recording operation
of said recording head;

temperature increase anticipating means for determining
a temperature increase caused solely by a recording operation of
said recording head on a basis of the print rate measured by said
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-107- recording head to performrecording. 61. A nethod according to claim
60, wherein the first step conprises increasing the energy supplied to said
heat means when the non-record tine is long. 62. A nethod according to
claim 60, wherein the first step further conprises controlling the
tenperature of said recording head by supplying the energy to said heat
nmeans on the basis of a print rate in a ﬁ&%ﬂeternined tinme of said
recordi ng head. 63. A method according to claim62, wherein the first step
conprises decreasing the energy supplied to said heat neans when the print
rate is high. 64. A nethod according to claim®60, wherein the first step
further QgﬁEi§§§eC8Q%EQLEEEH am%ggpergﬁare of said recordi ng head by
supplyiné € energy to sard ﬁea neans on the basis of an energization
time of said appar bempergsura IncrRsePredeatdon nganst fapawhsaquerttlan

i nk-j et iﬁﬁﬂﬁﬂhagsﬁﬁgﬁﬁabﬁstB@Vk@Qp%d&ﬁgoéﬁh&%yh%%jé&%&‘%éﬁﬁFﬁiﬁd“héHh'”k
dropl et, heat neans Tor heatlng sai d -108- recordi ng head, terperature

nmeasur enBRt H€aR2$H3 REasthe njeRRCRABIERt 10GHSESR JeteThiped nBY #¥d for
measur i ngempeeaeudet iferehsaaaftiecpating meafs. conprising: the first step
of, during a recording operation, supplying an energy to said heat neans to
control a tenperature of said recording head on the basis of the

43. An apparatus according to claim 42, wherein 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 said
recording head has a plurality of discharge ports for discharging
the ink with the heat energy.

45. An apparatus according to claim 42, wherein said
recording head comprises a plurality of discharge ports for
discharging ink, and heat energy generation means, arranged in
units of discharge ports, for causingla state change in ink by
heat, discharging the ink from said discharge ports on the basis
of the state change, and forming flying droplets.

46. An apparatus according to claim 42, wherein said
recording head comprises a disposable recording head detachably
formed in said apparatus.

47. An apparatus according to claim 42, wherein said
recording head comprises a full-line recording head having a.
plurality of discharge ports spanning an entire recording width
of a recording medium.

48. An apparatus according to claim 42, wherein said
apparatus 1s applied to a facsimile apparatus for recording a
recording signal received through a communication line.
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anbi ent tenperature nmeasured by said tenperature neasurenent neans and the .
record tinme neasured by said tinmer neans; and the second step of supplying
a recording signal to said recording head to perform r e Sheg las Bé&en Réplaceq
met hod according to claim®65, wherein the first step comﬁ jing
supply of the energy to said heat neans when the record tfj .”ﬁ?. A
nmet hod according to claim65, wherein th@-ist step conprises su i t he
energy to said heat nmeans to control the tenperature of said recordi ng head
on the basis of the print rate in the predetermned tinme of said recording
head. 68. A nethod according to claim67, wherein the first step conprises
decreasi ng the, ener supplied to_said.heat nmeans when, the print. rate.is

hi gh. - 10949?‘ 69 AR uﬁccafﬁ?ﬁalf% ct%i I%igg',m \Aﬂigrei‘ﬂ‘?%eélm rs?tldstep
conpri sescenippd y imepnsheartaragys tthes aupphygaenaegysobotbetasis tdfe a pulse

t enper at [ ii?ﬁp ' egg%é)ﬁ. ' | zation tinme of
sai d app;%g%%{s.égog me‘{ Sé)dc}gso%] C ro%#jﬁn%aiéf%%{p%%gtrﬁé%{%’f an ink-jet
recordi ng apparatus having a recordi ng head for discharging an ink droplet,

heat nmeans fors@.eatiﬂ‘girﬁ@-iﬁeﬁ %‘é&éﬂdﬁ@ art LR IS (S JEMEHGINE Aln TR&NS
f or rreasurlcgg an nbi ent te(gp&rature, and tiner neans for measurjng record
|

and non- reERHLt # BEFFRI Y IRRETEUM TN 2%e 34t step of,

j ust bef clippardetorchmerising:
heat means for heating said recording head to control

a temperature of ink;

an electronic element for supplying an energy to said
recording head;

temperature measurement means for measuring a
temperature of said electronic element; and

control means for determining a temperature of said
recording head on a basis of a temperature of said electronic
element measured by said temperature measurement means.

51. An apparatus according to claim 50, wherein said
control means controls the energy supplied to said heat means on
the basis of the anticipated temperature of said recording head
determined by said control means.

52. An apparatus according to claim 51, wherein 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 said electronic
element.

54. An apparatus according to c¢laim 50, wherein said
recording head has a plurality of discharge ports for discharging

the ink with the heat energy.

55. An apparatus according to claim 50, wherein said
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operation, supplying an energy to said heat nmeans to control a tenperature
of said recording head on the basis of an anbi ent tenperature neasured by
sai d tenperature neasurenent neans and the non-record tine neasured by said
timer nmeans; the second step of, during the recording operation, supplying
the energy to said heat means to conjgg! the tenperature of said recording
head on the basis of the anbient tenperature and the record tine; and the
third step of supplying a recording signal to said recording head to -
performrecording. 71. A nethod according to claim70, wherein the - 110
- first step conprises increasing supply of the energy to said heat neans

uhen *he AUUTARY hdddPchapkdnds 12 pAGELRRY A60RTLORAL 8o CIDST Or o

wherei n the second I SES cPaasi nergy to said
heat neads.swinewr ging rﬂ-@dfor and medts eneangy mnwmmdnm:r dareanged| Him

70, wher g o idionRBde0ipotaSOnt il G PPt Rl the S0ETBY !

said heat to control the tefiperature of said recording h on the basis of

a print Pﬁﬁévlﬁ1§°BP€SéP€rH¥ﬂeﬂn¥l@EPQﬁs%&ﬂ(9%ﬁﬁﬂﬂ§ﬂeh§°ﬁ$§d°n7ﬁheAP%§%ﬁod

accordi ng# and ¥tatéd chahgesi andhEokimisly FNYiag Ieoprdtst.ep conprises
decreasi ng supply of energy to said heat neans when the print rate is high.
75. A method according to claim 70, wherein the first step and/or second
step further &G@Enpridsesapparatus according to claim 50, wherein said

recording head comprises a disposable recording head detachably
formed in said apparatus.

57. An apparatus according to c¢laim 50, wherein said
recording head comprises a full-line recording head having a
plurality of discharge ports spanning 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 recording 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 means 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 saild recording head on the basis of the ambient temperature
measured by said temperature measurement means and the non-record
time measured by said timer means; and

the second step of supplying a recording signal to said
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supplying the energy to said heat neans to control the tenperature of said.
recordi ng head on the basis of an energization tinme of said apparatus.

76. A recording apparatus for recording with a recording head t hat

di scharges ink using thernmal energy of a discharge heater, said apparatus
conprising: a tenperature control heater provided on said recording head to
heat ink; tenperature neasuring nmeans-0@# neasuring an anbient tenperature
of said recording head; first tiner neans for nmeasuring a tinme period of a
record tine of said recording head; second timer neans for measuring a tinme
period of a non-record tine of said recording head; printing rate measuring
nmeans for neasuring a printing rate of said recording head at a

pr edet emeicoed inigrheadr ited peartd o Mecolrdirans for controlling energy to be
supplied to said tenperature control heater in response to the record tine,
the non-record tine and the print rate with respect to the anbient

t enper at ure dasuPedetipd acpordingdtagchaparel uwherein dhealifidgsh skep

recor di Rt ddahctensiagieiiel kersy nguﬁﬂgfwal t &N Hat? midafchdhes

heater, sal'd apparatus conprising: tenperature measuring neans for
neasur i fgteaMeRmHeSATS digier durd€nF- sai d recording head; first tinmer neans
for measuring a tinme period of a record tinme of said recordi ng head,

62. A method according to claim 60, wherein the 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.

63. 2 method according to claim 62, wherein the
first step comprises decreasing the energy supplied to

said heat'méans when the print rate is high.

64. A method according to claim 60, wherein the
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.

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
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REPLACEMENT SHEET - 112 - second tinmer means for neasuring a tinme period of
a non-record tinme of said recording head; printing rate neasuring neans for
measuring a printing rate of said recording head at a. predetermned tine
period; and control neans for controlling energy to be supplied to said

di scharge heater in response to the record tinme, the non- record tine and
the print rate with respect to the anbientupénperature nmeasur ed, the
control energy being insufficient to discharge ink fromsaid recording
head. 78. A recording apparatus for recording with a recording head, said
apparats conprising: a tenperature. detector provided at a position

di fferent fr&arardsndt headel temperadynt mearurenent greanpefarure det ect or
generati on teggerature information; first timng neans for nmeasuring a

first el apseBeRFHELIRA BR AFPHERG Semez AW ect #n¢ aF1B8Reea88r £8%porti on

of said recogdin aratus; secqnd timng. reans fotr_neasuring a second

el apsed tinem%FFgFiggrﬁiﬁ&ggﬁdo%ﬁﬁﬁtq{Eﬁékéméﬁfﬂrgéﬁgrgﬁﬁ rappar at us; and

correcting ngg@@r-g&ngorrecting the tenperature information fromsaid
etecto

tenperature i rn accordance with the first and second el apsed ti nes;

and control neansghar £6Qatr géég%nérgsdng#’%grgtyégogééhggo?al tqi,gg head in

accordance with the tenperature on correc .cprfect!ng

means. 79. ARpRIRANY dh e, _%t{af& 8h ¢ 8mebHE! BB coRERG1SIANg Lhird

timng means for neasuring a third elapsed tine after turning-off of the

portions of semperetrd RE FHAIY dtdordiR§Ch8ad on the basis of the
ambient temperature measured by said temperature
measurement means and the record time measured by said
timer means; and

- the second step of supplying a recording signal to
said fecording head to perform recording.

66. A method according to claim 65, wherein the
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
means to 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
first step comprises decreasing the energy supplied to

said heat means when the print rate is high.
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said correcting neans corrects the tenperature information fromsaid
tenperature detector in accordance with the third el apsed tine. -113-
80. An apparatus according to claim78, wherein said correcting neans does
not correct the tenperature information fromsaid tenperature detector in
accordance with the first and second_ehgpged times when the first and
second el apsed tines exceed a predetermned tine. 81. An apparatus
according to claim 78, wherein said tenperature detector is provided on a
substrate on which an electrical circuit is provided. 82. An apparatus
according to claim 78, wherein said correcting neans subtracts
tenperature corr &fpondt MpEPd RCIIFSINGNEOSELBAT éﬁapé@'&?‘f?‘rﬂes&f? om t he
tenperature information fromgsaid tenperature detector.

83. t
oot ne £ ot Snel gamnnites swabtyina! EneCbhardy o) s41H RRAC S 1S

ity of
di sch ts f di ' ' ith t L. . 84
acaor di ng | o MRt SRl noah oF PERBFAR TG on b e St AR BTy o

di sch ¢ i schag ai . ) . ,
arranged i n 0 (8bPa 5 10F AR DaRPcbiPartat i TEMABAARI RIS,
by heat, discharging the ink fromsaid discharge ports based on the state

change, and formng flying droplets. 85. An apparatus according to claim

78, wherein the regor dnfepRad bt Sbner&13A0%AR duferaetachabl ynmount ed
in said apparatus.. .

' ink-jet recording apparatus having a recording head for
discharging an ink droplet, heat means for heating said
recoxrding head, gemperature measurement means for
measuring an ambient temperature, and timer means~fc£
measuring record and non-record times of said recoxding
head, comprising: .

the first step of, jusﬁ before a recoxrding
operation, supplying an energy to said heat means to
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
measﬁred by said timer means;

the second step of, during the recording
operation, supplying the energy to 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

- said recording head to perform recording.

71. A method according to claim 70, wherein the

A g



- 114 - 86. An apparatus according to claim 78, wherein the recording head
is of afull-line type having a plurality of discharge ports extending
across an entire recording width of a recording nmedium 87. An apparatus
according to claim 78, wherein said apparatus is applied to a facsimle
apparatus for recording information of a recording signal received through
a comuni cation line. 88. A recording appbltat-us for recording with a
recordi ng head, said apparatus conprising: a tenperature detector provided
at a position different froma position of the recording head, said
tenperature detector generating tenperature information; first timng neans

for neasuring.a first elaﬁéed tinme after.turmlggi?nég sai d recordi ng
appar atus; setbht FFRPnGeHBEASeFoLNFERSGING SHERIGHRE St PEFTHet S t er

tuning-off o id. recording aratus; and correcting, ans for
correcting %ﬁgg g%ﬁgeﬁnﬁ?‘ﬂﬁewﬁggo PSR RR5H imee%p%r ¥ e detector in
accordance with the first and second el apsed tines; and control neans for
controlling the tenperature of the recording head in accordance with the

temper at ure i nf op3at i ANyGRHBACLEIIAsHA & UY LG i 19, PREFe 1 %nan

apparatus according to clarm8 erern said correcting neans does not
correct the kgpBRRALYEP kB =0 R Ul S5 éﬁ?&& rendebRs in
accordance with the fi?st a%&ggeconé;éﬁg%sedfp% 5 mﬂ%ﬁ ?%e %ﬁrgg&énd
second el apsed &hiEShenéefidansPk@ &HB NesbdrdBeime is long.

73. A method according to claim 70, wherein the
first and/or second step comprises supplying the energy
to said heat to 6ontrol the teﬁperature 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
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
supplyiné the_enérgy to said heat means to control
the temperature of said recording head on the basis

of an energization time of said apparatus.
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REPLACEMENT SHEET - 115 - }| D5JI 28 90. An appar at us

according to claim@88, wherein said tenperature detector is provided on a
substrate on which an electrical circuit is provided. 91. An appar at us

according to claim88, wherein said correcting neans subtracts a
tenperature corresponding to the first and second el apsed tinmes fromthe
tenperature information fromsaid tenpergfjyure detector. 92. An appar at us
according to claim88, wherein said correcting neans adds a tenperature
corresponding to the first and second el apsed tines to the tenperature
information from saigk} e-rmeféééhf&iﬂﬁt 8ppatat®d for AEPRE R Usigrcar di ng
to claim 88, wherein the recording head conprises a plurality of discharge
ports feecdrstray giews i thati dbsbratgeseigk u$ing thHermppadmérgy a6£0adi Ny
to claim88, wherein the recording head conprises a plurality of discharge
ports f disdhsciye dieaten, | s&idaagparatusneomprdesiatqs i on neans, arranged in
units of discharge ports, for causing a state change in the ink by beat,

di schargi ng the irk tempexatdrei sohtirgd heeterhgemivided henssai@ change,

and formng flying droplets. 95. An apparatus according to claim 88,
wher ei nreendqnT diere Headheatolnk;di sposabl e type detachably nounted in
sai d apparatus. 96. An apparatus according to claim8B, wherein the

recordi ng head i s tATREFRIFILE| RE2EPEENFaRETESH AN BEIEYE BRI dRBchar ge ports

ext endi ng,acrqgss, an entjre recordi. wi dt h, ,of recordi ng nedi um
éﬁblen temperature o salagrecor lngégea&; 9

first timer means for measuring a time period of a
record time of said recording head;

second timer means for measuring a time period of a
non-record time of said recording head;

printing rate measuring means for ﬁeasuring a
printing rate of said recording head at a predetermined time
period; and

control means for controlling energy to be 'supplied
to said temperature céntrol heater il respgonse to theé record
time, the non-record time and the print rate with respect to

the ambient temperature measured.

77. A recording apparatus for recording with a
recording head that discharges ink using thermal energy of a

discharge heater, said apparatus comprising:

temperature measuring means for measuring an

ambient temperature of said recording head;

first timer means for measuring a time period of a

record time of said recording head;
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97. An apparatus according to claim88, wherein said apparatus is
applied to a facsim |l e apparatus for recording information of
recording signal received through a conmmunication Iiﬂg. VENT

a
REPL

SHEET - 116 - 98. An apparatus according to claim 78, Stee ies By ephced

apparatus is subject to hardware power-on and power-off f ﬂ

sai d apparatus and software power-on and pt@wer-off for so

apparatus, said first timng nmeans conprises a tiner for the hardware
power-on and said second timng neans is a tinmer for the software power-on.
99. An apparatus according to claim79, wherein said apparatus is
subject to software power-on and power-off for software of said apparatus,
said third tinng #REPRAcEMIEFsBeagst fgr MASHHNG Rt fAME PEREPLOPE. 2100.
An appar pbnSr@66ed 0t Nfe t OF Cai dn BScoierigi Hegd@} d apparatus is subject to
har dwar e power-on and pover- o har dwar e _of _sai d aggar. atus and .software

ff f
power -on and powerPb+Pt+B¢ %qﬁef\%%;s ng Mg ans, 5P5 HE2SURMAYf AR5 % g
means conptesef saidneecéondindchémd daiare guowds texrmimeld stime swemiol it iandg

nmeans conprises a E&gg{.oiq\qﬁgﬁg f%?lf tc‘%rtq:oﬁg.‘ﬁ%i hler tl11:0 be%%{?ﬁ%ﬁfo

recording wwth a recording head of a recordi appa S, sal
conpri si Agidhdischprgef hegseccirngesprraspeitat Whe wadexnd ttmser dthe qon-

det ect or rpEE¥RdGd R An8O%He Oﬁh:ijﬁﬁf ehert fiem %e&%’éictt! Oflo Ofchieh GankiCeai i NQ
head, the tenperature detector generating tenperature infor i on;
measur i nCUDPPALATE| BRESHEEAne tHE SODLECH SFEGTY0 AN T i SPtneho

source paischargé iLhk feomrdafld ppparding; head.

78. A recording apparatus for recording with a recording
head, said apparats comprising:

a temperature detector provided at a position different
from a position of the recording head, said temperature detector
generation temperature information;

first timing means for measuring a first elapsed time
after turning-on of an electrical power source peortion of said
recording apparatus;

second timing means for measuring a second elapsed time
after turning-on of portions of said recording apparatus; and

correcting means £for correcting the temperature
information from said temperature detector in accordance with the
first and second elapsed times.

79. An apparatus according to claim 78, further comprising
third timing means for measuring a third elapsed time after
turning-off of the portions of said recording apparatus, wherein
said correcting means corrects the temperature information from
said temperature detector in accordance with the third elapsed
time.

80. An apparatus according to claim 78, wherein said
correcting means does not correct the temperature information
from said temperature detector in accordance with the first and
second elapsed times when the first and second elapsed times

) R
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measuring a second el apsed tine after turning-on of portions of the
recordi ng apparatus; and correcting the tenperature information fromthe
tenperature detector in accordance with the first and second el apsed tines;
and the step of controlling the tenperature of the recording head in
accordance wth the tenperature information corrected i legde&dRF

step. 102. A method according to claim i94,. further co

of neasuring a third elapsed tinme after turning-off of t the

recordi ng apparatus, wherein said correcting step correct enperature
I nformation fromthe tenperature detector in accordance with the third
el apsed tinme. 103. A net hod according to claim 101, wherein said -

117 - copkeeelng Bregeges®ined EdMPect the tenperature information fromthe
tenperature detector in accordance wth the first and second el apsed tines

when the first _and second eIa sed tines exc ed a edejerm ped tine. 4.

A net hod acco%al ng®Po TWRFTR %‘F@r&:‘ﬁ‘%a 8 c‘c')t'g{e‘e '} g‘ﬁ TedBt r%‘%%‘g a

t enper at uempenaltasponrhﬁeg:ﬁarthe oot dedd csmcenck;wd:mbbt e wHirahn an

tenperetéigck QEEBEEQ uﬁiog‘ §§°?9§3 rature detector. 105. A nethod of
ea

recordin a recor |ng ecordi ng apparatus, said
met hod- conprising the steps of: detecting a tenperature with a tenperature

detector provggded ah apPRehth8Naébdi&lfy td [AH i HASI Eh%net- ESfpE£6PRGI NY

head, the tenperature detector generating tenperature | nformation;
measur i n§OREFPLs MRy &oF G Rakldng (e eRmReTAtEFR PEcbRE| Rgcording

head in accordance with the temperature information corrected by
said correcting means.

83. An apparatus according to claim 78, wherein said
correcting means subtracts a temperature corresponding to the
first and second elapsed times f£rom the temperature information
from said temperature detector.

84. An apparatus according to claim 78, wherein
the recording head comprises a plurality of discharge ports

for discharging ink with heat energy.

85. An apparatus according to;claim 78, wherein
the recording head comprises a plurality of discharge ports
for discharging an ink, and heat 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 based on the state change;, and forming flying

droplets.

86. An apparatus according to claim 78, wherein
the recording head is of a disposable type detachably mounted

in said apparatus.
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apparatus; measuring a second el apsed time after turning-off of the
recordi ng apparatus; and correcting the tenperature information fromthe
tenperature detector in accordance with the first and second el apsed tines;
and the step of controlling the tenperature of the recording head in
accordance with the tenperature information corrected,ﬁgsi ;gugg&ﬁggﬁ&mg
step. 106. A nmet hod according to claimjp3, wherein g step
does not correct the tenperature information fromthe 5%%“ HiﬂMH]ﬁH'ECth
in accordance with the first and second el apsed tines nd
second el apsed tinmes exceed a predetermned tine. 107. A et hod
according to claim 105, wherein said correcting step subtracts a
tenperature corresponding to the first and second el apsed times fromthe
tenperature information fromthe tenperature detector. .108. A et hod
according to cl ai ng405, | Ld_correcting step adds a tenperature
corresponding to the fi?@?géﬁﬁﬂéggéna T 3? 3Rt Her tehgBednur e

i nf or mattihen Heaord tieag@r & U e 0l Thi s .Sheet Has Been_Repl aced
- 118- fron1the,téﬁg%ratureﬁ%e?gc?ogsﬁ} Fine YRR RO DE D rRIWERLAEY ai m

1

108, wheref ndiacHazger pottByexteRdifds st il efi€ife! F88682A8HEW Ate
first and second el apsed tines to the tenperature information fromthe

t enper at W€ @derecovding medium.

88. An apparatus according to claim 78, wherein
said apparatus is applied to a facsimile apparatus for
recording information of a recording signal received through

a communication line.

89. A recording apparatus for recording with a
recording head, said apparatus comprising:
' a temperature detector provided at a position different
from a position of the recording head, said temperature detector
generating temperature information;

first timing means for measuring a first elapsed time
after turning-on of said recording apparatus;

second timing means for measuring a second elapsed time
after tuning-off of said recording apparatus; and

correcting means for correcting the temperature
information from said temperature detector in accordance with the
first and second elapsed times.

90. An apparatus according to claim 89, wherein said
correcting means does not correct the temperature information
from said. temperature detector in accordance with the first and
second elapsed times when the first and second elapsed times
exceed a predetermined time.

THIS SHEET Hag
REPLACE!)

N




113. A recording apparatus for recording wwth a recordi ng head, said
apparatus conprising: a tenperature detector provided at _a position
different froma position of the recording head, said ter:FB i Hfae Beba Reqicoy
generating tenperature information; a first time counter f

first elapsed time after turning-on of an electrical power Emn
of said recording apparatus; a second t4 Ak5counter for nmeasuring a s d
el apsed tine after turning-on of portions of said recordi ng apparatus; and

correcting nmeans for correcting the tenperature information from said
t enper at ur e d¥l.ect orAn nappavatiaacacudrdding tor slladmd 8rcowbderkipssadid nes.

114. teNMpARPAIR] Uget36€6F IR0 providéd bhd.a bubkReateomyi i #highaanhi rd
time coyyt tzt:f)ciaf‘a@l%d.{incg & %J&(?A@_psed time after turning-off of the

portions of sald recordl ng ap at'us, Wwherein said correcting neans
corrects the tenperature information fromsaid tenperature detector in
accordance wi%3. t hdntapparatepastanding to5claimnd dpparsther aomprdisigat o
clai m 1lconthel ahdasdli £o£0E6RELO DUiINGaBRed@empROhtager OF! thiee remR@iaiglr e

aigll
I nf or maty fsr. ' u d ' aﬁ?@ﬂ{?{@f | i h3t and
second eﬁ%eﬂp gc%%ﬁﬁgﬁ@?%ghf ﬁggt%ﬁgég%%%g e a(f)sed t?fgrme%s&e%gc%e{é éﬁt

pr edet eriftrfe FPFHEE 1% . M€Y ecor di ng apparatus for recording with a
recordi ng head, said apparatus conprising: a tenperature detector provided

at a positioradlfferamt abparaguposiddariinig t he rdadmdisgy, hehdresai daid
t enper atdy @&t A Ohe 885 5AbRACEERE S Srd AL NBOFPEspEnlihgt thl The
count er Lot (EaRld 00 fdf s dd AL 'l Vi e il 19 Heotlat son
recordi ntg apparat us;

rom said temperature detector.

94. An apparatus according to claim 89, wherein said
correcting means adds a temperature corresponding to the first
and second elapsed times to the temperature information from said
temperature detector.

95, An apparatus according to claim 89, wherein the
recording head comprises a plurality of discharge ports for
discharging ink with heat energy.

96. An apparatus according to claim 89, wherein the
recording head comprises a plurality of discharge ports for
discharging an ink, and heat 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 based
on the state change, and forming flying droplets.

97. - An apparatus according to claim 89, wherein the
recording head is of a disposable type detachably mounted in said
apparatus.

98. An apparatus according to claim 89, wherein the

recording head is of a full-line type having a plurality of
discharge ports extending across an entire recording width of a
recording medium.

99, An apparatus according to claim 89, wherein said
apparatus is applied to a facsimile apparatus for recording
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Thi s Sheet Has Been Replaced -119- a second tinme counter for
second el apsed tine after turning-off of said recording a paratus
correcting means for correcting the tenperature infornati
tenperature detector in accordance with the first and seco

117.

An apparatus according to claim 116, wherein said c
does not correct the tenperature informjgon from said tenperature detector

in accordance with the first and second el apsed tinmes when the first and
second el apsed tinmes exceed a predeterm ned tine.

information of a recording signal received through a
communication line.

100. An apparatus according to claim 78, wherein said
apparatus is subject to hardware power-on and power-off for
hardware of said apparatus and software power-on and power-off
for software of said apparatus, said first timing means comprises
a timer for the hardware power-on and said second timing means
is a timer for the software power-on.

101. An apparatus according to claim 79, wherein said
apparatus is subject to software power-on and power-off for
software of said apparatus, said third timing means comprises a
timer for the software power-off.

102. An apparatus according to claim 89, wherein said
apparatus is subject to hardware power-on and power-off for
hardware of said apparatus and software power-on and power-off
for software of said apparatus, said first timing means comprises
a timer for the hardware power-on and said second timing means
comprises a timer for the software power-off.

103. A method of recording with a recording head of a
recording apparatus, said method comprising the steps of:

detecting a temperature with a temperature detector provided
at a position different from a position of the recording head,
the temperature detector generating temperature information:;

measuring a first elapsed time after turning-on of an
electrical powér source portion of the recording apparatus:

measuring a second elapsed time after turning-on of portions
of the recording apparatus:; and

correcting the temperature information from the temperature
detector in accordance with the first and second elapsed times.

104. A method according to claim 103, further comprising
the step of measuring a third elapsed time after turning-off of
the portions of the recording apparatus, wherein said correcting
step corrects the temperature information from the temperature
detector in accordance with the third elapsed time.

105. A method according to claim 103, wherein said

neasuring a

Replaced

TR RO T ey P
oL UULELLL UL Y REPLACED |

g



This Sheet Has Been Replaced

A

correcting step does not correct the temperature information f£rom
the temperature detector in accordance with the first and second
elapsed times when the first and second elapsed times exceed a
predetermined time.

- 117 -

106. A method according to claim 103, further comprising
the step of controlling the temperature of the recording head in
accordance with the temperature information corrected in said
correcting step.

107. A method according to claim 103, wherein said
correcting step subtracts a temperature corresponding to the
first and second elapsed times from temperature information from
the temperature detector.

108. A method of recording with a recording head of a
recording apparatus, said method comprising the steps of:

detecting a temperature with a temperature detector provided
at a position different from a position of the recording head,
the temperature detector generating temperature information;
measuring a first elapsed time after turning-on of the recording
apparatus: ,

measuring a second elapsed time after turning-off of the
recording apparatus; and

correcting the temperature information £from the temperature
detector in accordance with the first and second elapsed times.

109. A method according to claim 108, wherein said
correcting step does not correct the temperature information from
the temperature detector in accordance with the first and second
elapsed times when the first and second elapsed times exceed a
predetermined time.

110. A method according to claim 108, further comprising
the step of controlling the temperature of the recording head in
accordance with the temperature information corrected in said
correcting step.

111. A method according to claim 108, wherein said

correcting step subtracts a temperature corresponding to the
first and second elapsed times from the temperature information

AR I8 AR




eet Has Been Replaced

S

from the temperature detector.

112. A method according to claim 108, wherein said
correcting step adds a temperature corresponding to the first and
second elapsed times to the temperature information from the
temperature detector.

113. A recording apparatus for recording with a recording
head, said apparatus comprising:

a temperature detector provided at a position different f£from
a position of the recording head, said temperature detector
generating temperature information;

a first time counter for measuring a first elapsed time
after turning-on of an electrical power source portion of said
recording apparatus;

a second time counter for measuring a second elapsed time
after turning-on of portions of said recording apparatus: and

correcting means for correcting the temperature information
from said temperature detector in accordance with the first and
second elapsed times.

114. An apparatus according to claim 113, further
comprising a third time counter for measuring a third elapsed
time after turning-off of the portions of said recording
apparatus, wherein said correcting means corrects the temperature
information from said temperature detector in accordance with the
third elapsed time.

115. An apparatus according to claim 113, wherein said
correcting means does not correct the temperature information
from said temperature detector in accordance with the first and
second elapsed times when the first and second elapsed times
exceed a predetermined time.

116. A recording apparatus for recording with a recording
head, said apparatus comprising:

a temperature detector provided at a position different from
a position of the recording head, said temperature detector
generating temperature information,

a first time counter for measuring a first elapsed time
after turning-on of said recording apparatus;
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a second time counter for measuring a second elapsed time
after turning-off of said recording apparatus; and

correcting means for correcting the temperature information
from said temperature detector in accordance with the first and
second elapsed times.

117. An apparatus according to c¢laim 116, wherein said
correcting means does not correct the temperature information
from said temperature detector in accordance with the first and
second elapsed times when the first and second elapsed times
exceed a predetermined time.
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