TITLE OF THE | NVENTI ON Li qui d- Di scharge Recordi ng Apparat ys BACKGECUND CF
THE INVENTION 5 Field of the Invention The present .i nveRteen relatd
|'iquid- discharge recording apparatus in which a liquidis emtted to form
em ssion liquid droplets and these droplets are deposited on a recorded
material such as 10 a paper or the |like and thereby to performthe
recording and, nore particularly, to-a }iquid-discharge recordi ng apparat us
in which an enission energy is givento the liquid to formflight |iquid
droplets. Description of the Prior Art 15 A |iqui d-di scharge
recording nmethod (ink-jet recording nethod) is a recordi ng nmethod whereby
flight Iiquidm rmod o ®e aanveNerNng | iquid are formed by vari ous net hods
and tthese droplets are deposited on a recorded naterial such as a paper or
the like and 20 ther elniduiP@ifsuhaide Resmrding . Appargtascor di ng
apparatuses (printers) to which such a recording nethod is applied, as an
apparatus having a structure suitable for constituting a high- density

mul tiorifice of the recordi ng head, a 25 |iquid-discharge recording-

appar at us -of ﬂE52Sﬁﬁgﬂﬂgﬁﬁgﬂﬁﬂkjﬂﬁﬂigﬁgﬁbn energy to formemission liquid

draplets (herelnafter ‘referred-to as an ink-jet prlnter) can be menti oned.
Field of the Invention .

'_The present invention relates to a liquid-
- discharge recordin§ apparatus in which a li@uid is
N emitted to form emission ligquid droplets and these
droplets are deposited on a recorded material such as
10 a paper or the like and thereby to perform the
recording and, more particularly, to a liquid-discharge

.recording apparatus. in which an emission energy is

U
. “given to the liquid to form flight liquid droplets.
Description of the Prior Art
. 15 B A liquid-discharge recording method (ink-jet
recording method) is a recording.method whereby flight
W .. . liguid droplets of a recording liquid are formed by

various methods and these droplets are deposited on a
recorded material such as a paper or the ;ike and
.20 thereby to perform the recording.

-'Among recording apparatuses (printers) to which
such a recording method is applied, as an apparatus
having 'a structure suitable for constituting a high-
density multiorifice of the recording head, a .

25 liquid-discharge reéording-apparatus of the type using
the heat as an energy to form emission liquid droplets
(hereinafter, referred to as an ink-jet printer) can

be mentioned.



-2- Such an ink-jet printer of the type wusing the heat as the liquid
dropl et eni ssion energy generally conprises liquid droplet form ng neans
and a recording head. Nanely, the liquid droplet form ng nmeans heats 5
the recording liquid and causes the deformation of the recording liquid
acconpanied with a rapid increase in volunme and . allows the recording Iiquid
to be enmitted froman orifice (liquid droplet enission hole) of the nozzle
portion, thereby forming liquid droplets of the 10 recording |iquid.
The recordi ng head has an elegtrothermal energy converting device
(hereinafter, referred to as an emtting heater) which can generate a heat

to heat the recordingghichUiag imktgsraomn%f“'e& S§§e' Ve AN y8l5 QfNi)t%%'

signal. 15 I n Japanese at ent  Unexam n I cat’l on

the I qui d dr opl 60 6m 01 g o) e s noP arp LR AGr e SaReRY ot
such a level thatomprieesrdingidi duoplétofoening é&hhhednhsaZQeco;dﬂhwayS.'
applied to the emtting heater and thereby to preheat the recording Iiquid
in a manner suchhehdt aNamepyratheeliqguidt deropletor dompingomednscheatisways
be maintained at a value within a predeterm ned range in order to obtain a
good enit®ing st khe secprding 2dquid andpraunsesothendefiormationnofi thesity
of the recordi“grLLS%hgn%t1&8&3&32388%535 26 with a rapid increase in
volume and. allows the recording liquid to be emitted
~ from an orifice (liquid droplet emission hole) of the
nozzle portioni'therebj'forming'liqufd dropleﬁs of the
10 recording - liquid. The recording head: has ‘an
-electrothermal energy converting device (hereinafter,
-referred to as an emitting heater) which can ”generate Q;;,
a heat touheat_the':ecording liquid in response to the
supply of an electrical signal.
15 - In Japanese--Patent Unexamined Publication No.
_ 187364/1983, there has ‘been pfoposed-the.recording
method whereby even when the liquid - droplet emitting 'Q_)
-signal is not applied, an electrical signal of such a
level thattno recording liquid droplet is emitted is
20 '.always applied to the emitting heater and thereby to
preheat the recording liquid in a mannei'sﬁch that a
temperature-'éf; the recording 1ligquid- can always be
_maintained at a value within a fredetermined.fange in
order to. obtain a good emitting staﬁe-.of liéuid
25 .. droplets for an increase in viscosity of the recording

liquid at low temperatures.



*3- Even in the printer to which t he above nethod is applled however,
since the .electrical signal is applied to the emitting heater so that the
recording liquid is always maintained at high tenperatures even 5

during a relatively long interruption or stop interval of the recording

operation as well, the sol-vent conponent in the recording liquid can be
nmore easily evaporated,- so that there is a problemsuch- that the
defective liquid droplet emission is further likely to.10 occur at the

restart of the recording as nentiangd.above. In addition, according to
this method, since the peripheral portion of the emtting heater is always
heated, the followi ng pEverenEmthe pritterNawewhiciuthbi bbbyeomethed is
peri pheral nenbers of the 15 emtting heater is lost. Physical
properties of the ragpdrgidig hiogeverr,emsiincey ithet heleperiphaérakigpadti ds of
the emtting heater change due to the heat thereof while the recording is
interrupted, so thappliedcoiter &he: emitsdogdhegterqsodtbhéingbe vecarding
precipitate is 20 produced in the recording liquid and the orifice

i s choked, causing ltll%ud’eﬂ@ctall\WéYIsl gaiataisedeatehiighi 6AMPRraKUrEBkeeven

SUMVARY OF THE | NVI accqrdance wi.th the present
i nventi on, here i &@&at&veﬂngPﬂgdF?Gﬁ&FBBtFQBoPHi g°8p&§F§FH§1

of ;the recording operation as well, the solvent

component in the recording liquid can be more easily

N : evaporated, so that there is a problem such that the
defective liquid droplet emission is further likely to

10 occur at the restart of the recording .as mentioned

above. In addition,  according to  this method, since

the peripheral portion of the emitting heater is

~ always heated, the following ©problems are caused.
Namely, durability of the peripheral members of the

15 emitting heater is lost.  Physical properties of the

- recording liquid remaining in the ' peripheral portion

U of the emitting heater change due to the heat thereof

while the recording is interrupted, so that the color
of the recording 1liquid changes or a precipitate is
20 produced in the recording liquid and the orifice is
choked, causing the defective liquid droplet emission

or the like.

SUMMARY OF THE INVENTION .
25 . . In accordance with the present invention, there

- is provided a 1liquid discharge recording'apparatué,



-4- conprising: a liquid discharge recording unit having a first heater

whi ch produces thermal energy in response to-supply of an electrical

signal, said thermal energy 5 acting on the liquid to forma flying
liquid droplet to be applied onto a recording material; a second heater

for heating the liquid; and control neans. operable in a normal recording
node to produce an electrical signal to be supplied to said 10. first
heater in response to a recording signal to cause droplet discharge
and operable prior to a normal recordigyig node in a preheating node to cause
the second heater to heat the liquid and also to cause the first heater to
heat the |iquid tcompri®dmyt Wwhich 15. . does not cause droplet discharge..
Reference is directed to United Kingdom patent applications GB 2210586A o/
(fromwhich this ‘appld Qdiquind | SlidicHaigmd) msubrdl nyl IS5 AdVITRMaVE Gt B

2210586A is divided). 20 Speci fic enbodi ments of the 1nvention
wi || now be- deschead@®r hhickaprogducesx ithedmalvienengyf erdencedspdry®e to
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 Fi gs.
1 to 13 are- &uRPl¥hsof s ®dectaisiad signedonsaid themplal energy
quuid-digcharge , recording_, . L

acting on the liquid to form a flying 1liquid droplet

to be applied onto a recording material;

a second heater for heating the 'liquid; and

control means operable in a normal recording mode
to produce an electrical signal to be'supplied to said

10 first heater in reéponse-~t0'fa-'recording' signal to
‘cause droplet discharge and operable prior to a normal
recording mode: in a ‘pre-heating mode to cause the W
second heater to heat the liquid and also to cause the
first heater to heat the liquid "to an extent which

15 - does not cause droplet diséhargei'

Reference is directed to United Kingdom patent
applicatian'GB 2210586A (from which this application W,
is divided) and GB 2169855A (from which GB 2210586A is

 divided).
20 - Specific embodiments of the invention will now be
described by way iof example with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE.DRAWI&GS
25 “Figs. 1 to 13 are diagrams ' showing whole

arrangements - of -liquid-discharge ' recording



-5- apparatuses, in which the arrangenents of Figures 2, 3, 5 and 7 are in
accordance with the invention, but the arrangements of Figures 1, 4, 6 and
8 to 13 are not; 5 Fig.14 is. a perspective view show ng an
exanpl e of a constitution of an ink- jet printer according to the invention;
Figs. 15A and 15B are an enl arged perspective view of a head unhit in the
printers shown in Figs. 1 10 to 13 and an enlarged perspective view
of a nozzle unit thereof, respectively; Fig. 16 is a block diagram show ng
an exanple of an internal circuit arraﬂqénent of the ink-jet printer
according to the invention; 15 Figs. 17A and 17B are

fl ovvcharts showi n(RPRAFALYFRF o 1A ‘!h}’ec*prfrhﬂ ianrangamenhs iaf ziRigunescess,

pr dure; Figs.- 18 and_ 19 %%e flowmcharts showi ng an exanple of a

pr_e i mi nary heat i ngd pr otesdr b @R ArFordancemwith &hed invandiion ndnt
?Z‘SLLL??VE{S?eifgprf%t?d”réméﬁvi%‘riﬁ%f?ﬁgifﬁe?% “féx#;?af e & 213 are
not;

5 _ Fig.1l4 is a perspective view showing an example
of a constitution of an ink-jet printer according to
the invention; |

K,- a Figs. 15A and 1S5B are an enlarged perspective
view of a head unit in the printers shown in Figs. 1

10 ... to 13 and an enlarged perspective view of a nezzle

unit thereof, respectively;

Fig. 16 is a block diagram showing an example of

~ an internal circuit arrangement of the ink-jet printer
according to the invention;
15 Figs. 17A and 17B are flowcharts showing an
example of the printing state optimizing procese
o procedure;
A

Figs. 18 and 19 are flowcharts showing an example

of a preliminary heating process procedure and



‘5. print output signal which is supplied to the head unit; and Fig. 21 is a---
gfr aph *of characteristic curves show ng the relation between the supply tine *
and the tenperature in which a frequency of the print output 10 signal .
which is supplied to the head unit is used as a paraneter. In Figures 14 '

and 15, the followi ng references are usegd, HU. .. Li qui d- di schar ge

recording unit (head unit), C. .. Carriage, 15 R.. - Quide rail,

[err]... Supply tubes, FC. ... Fl exi bl e cable, ST... Sub-t ank,

CAP. .. Cap nmenber, 20 P... Recorded material, PL... Pl at en,

S .. ] Carriage running direction, f... Coniveyi ng direction of the

recor ded ‘'nat¥tigXample of a prgkimpparyi emitzingNprocess pueocsduneit, FP
Front, plate, IR ... Li qui d chamber ICH ... I nk channel , Qg
Ori f itk thes processeg shewpyie EigsSer 17A and 17B, -

respectively; : '

Fig. 20 is a waveform diagram for explaining a
5 print output signal which is supplied to the head unit;
- and |
Fig. 21 is a graph of characteristic curves
showinglﬁhe relation bétween the supply time and the _-kJ
.temperature in which a frequency of the print output
100 signal which is supplied to the head unit is used as

a parameter. S

o Ta RawcalQJMA s, iﬁ&,fouaa&ﬂ,nykxpums a8 used.

HU... Liquid—diécharge-recording unit (head unit), ~
C... Carriage,
15 R... " Guide rail,
TB,, TB,... Supply tubes,
FC... Fle#lble_cable, | | | H;i
ST... ‘Sub-tank, -
CAP... = Cap member,
20 P... Recorded materiél,
PL... Platen,
S..; Carriage runhing direction,
£... = Conveying direction of the recérdéd material,
H... ~ Home position,
25 NZ... Nozzle unit,
FP... Front plate,

IR... 'Liquid chamber,



HTR I External heater, 5 ET ... Entttrng heater [err]... Modtors,

1. .. Progr anmabl e perrpheral interface (PPl), 2... :

M croprocessrng unit (MPU), 10 3. Line buffer RAM 4. .. Font

generating ROM 5. Contr ol RONl 6. Console, 7... Horme

position sensor, 15 8. Cap nnde*ﬁmntch 9. . Paper sensor, 10
. Head unrt controller 11, 14, 18, 21, 22, 24 Drivers, 13...
Protectlve circuit, 20 15. Tenperature conparlng devi ce, 16...

Font switch, 17. Input selector DETAI LED DESCRI PTI ON OF THE

PREFERRED ENBCE&QE$US 251nk channefll,0s.- 1 to 13 show di agrammati cal
arrangenent views show ng whol e arrangenents of 1iquid-discharge recording

apparat uses, orJhe |iqupdidigaeharge recording apparatus of the first
exanple shown in Fig. 1 conprises a |iquid- discharge recording unit 100,

recordi ng unrthQntroLI|mgmpagaeuiaoseﬁgdrentssron control ling neans
HTR... External heater,
5 ET... Emitting heater,

Ml,_Mz, M3... Motqrs,

\_ l... Programﬁable_peripheral interface (PP;);
2... Microprocessing unit (MPU),
10 . 3... Line buffer RAM,
4... Font generating ROM,
S5¢00 Control ROM,
~ 6... Console,
Teoo Home position sensor,
15 8... Cap mode switch,
9... Paper sensor,
| lQ.... Heed unit controller,
~ 11, 14, 18, 21, 22,.24;., Drivers,
13... .  Protective circuit,
20 15... Temperature eomparing_device,
16... Font switch,
17.;._ Input selector.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 _ . Figs. 1 to 13_show diagrammatical,arrangemegt
views showing whole arrangements of 1iqﬁid-discharge
_ reeording apparatusesfhy—whieh—the—ebjeets—ef—the——
prosent—i L3 lished jvely .



5 150. The recording unit 100 has em ssion energy generating neans 102

whi ch €an allow an energy to act on the liquid to formflight liquid
droplets in response to the supply of an electrical signal. This recording
unit flies and emts the liquid droplets and 10 allows themto be
deposited on a recorded material P, th&€eby performing the recording. The
controlling neans 110 can set the electrical signal and supplies the

el ectrical signal to formthe flight liquid droplets to the em ssion energy
generating neans 102 15 in response to the input of a recording signal SA.
The controlling means 150 sets the electrical sjgnal to formt flight

| i quid dHopLets to tHeerbiarifnglarPargsnfrGOMSHFIERRATANN t he power. -
supply is turned on, thereby al]ow ng-the recording.unit 10Q taq 20 fly agQd,
emt the |idthe gﬁfﬁﬁe?§§m3¥% ?*ﬂﬂ?dgﬂi &ﬁargeCPEW%Fﬁeﬁgaagﬁé?ﬁfﬁs of then'/
second exanple shown in Fig..2 cQ I ses the liquid-disgharge recording
unit 100, r '?Eﬂ?wﬁ?c%gﬂ%?%ngﬁs iééﬁsrffﬁfgﬂéﬁﬁgﬁéﬁheans 120, and heat
25 controllin s 14 h ec i ngsunist. 1 t 1.5S)<0N ener gy
generating ﬁﬁﬁﬁ%gggglﬁ%c %%?%gféﬁ'e?égtggfﬁgﬁkh_%%R§?§9JQ§ﬁ€g%f?ﬁb devi ce
which cag hepdy  gdnd hfebdpdi giﬁnierﬁbﬁ1hﬁQtéHﬂ@%&Qnﬂ%%Qf%§s I'n response
to the supply of an elecirical “signal. This recording unit”flies and enmits
these ||qw‘héﬁé¥%€iﬁg£ﬁ§h@é'9@é which can allow an energy to act

on the liquid to form flight liquid droplets in

response to the supply of an electrical signal. This o

recbrding unit flies and emits the liquid droplets and

10 allows them to be deposited on a recorded material P,

thereby performing the recording. The controlling

means 110 can set the electrical signal and supplies

the electrical signél to form the flight liquid
droplets to the emission energy generatiné means 102
15 in response to the input of a recording signal SA.
The coﬁtrolling means 150 sets the electrical signal
to form the flight liquid droplets to the recording v

unit controlling means-llo when the power supply is
turned on, thereby allowing the recording unit 100 to
20 fly and emit the liquid droplets.
| The liquid—discharge_recdrding apparatus of
the.second example shown in Fig. 2 comprises the
liquid=discharge recording unit 100, recording unit
qontroiling’méans'110,-heating means 120, and heat =
25 controlling means 140. The recording unit 100 has the
emission eneféy generéting'means 102 including an

elecérotherﬁal'energy converting device which can heat



them to . be deposited on the recorded material P, 5 thereby perforning the
recording. The controlling neans 110 can set the electrical signal and
supplies the electrical signal to formthe flight liquid droplets to the

em ssion energy generating neans 102 in response to the input of the
recording signal SA. 10 The heating neans¥4120 is provided in the recording
.unit 100 and heats the liquid fromthe outslde. The heat controlli-ng neans
140 can cause the heating neans 120 to heat the liquid and set an
electrical signal within a range such as not to formany flight liquid 15

droplet to It hecheCpighid £8i fofRNELDbhENGiGBRASaEf1a8RY LRELBBYohgeheat the
liquid in accordance™with the environnental conditions when a power supply

SWis turned ofo dhe shspif-&f SahaéDectLLOaTi 80gARDAr afHEsO0kedBrdlihg third
exanpl e shown in Fig. 3 conprises the |iquid-discharge recording unit 100,

recordi ng uni tusbet £Diés ngndeambtd 1fhedeal iqgideansples hnatatdowsol |ing
means 140, em ssion controlling nmeans 150, and sequence controlling neans
160. The recortheny twmibe 2depdfiltddson hchenrssovdednsaygrjahePat i ng means
102 including an el ectrothermal energy converting device which can heat the
liquid in Pesporexeby pexforming die recording:riTae sppharlisngorm fli ght
liquid droplets. This recording unit flies,and emts_the_liquid, droplets
- means 110 can set the electrical signal and supplies
the electrical signal to form the flight liquid
! droplets to the emission energy generating means 102
in response to the input of the recording signal SA.
10 The heating means 120 is provided in the recording
unit_lOd and heats the liquid from the outside. The
‘heat controlling means 140 a&i??e-the heating means
~ 120 to heat the liquid and£§¥_se$£ an electrical signal
within a range such as not to form any. flight liquid
15 droplet to the recording unit controlling means 110
and thereby to heat the liquid in accordance with, the
environmental conditions when a power supply SW is.
turned -on.
The liquid-discharge recording apparatus of
20 the third example shown in Fig. 3 comprises the
liquid-discharge recording unit 100, recording unit
controlling means 110, heating means 120; heat
controiling means 140, emission controlling means 150,
and sequence controlling means 160. The recording unit
25 100 has the emission energy generating means 102

including an electrothermal enexgy converting device

which can heat the liquid in response to the supply of



and ali‘ows themto be deposited on the recorded material P, thereby
perforimng the recording. The 5 recording unit controlling neans 110 can
set the electrical signal and supplies the electrical signal to formthe
flight liquid droplets to the em ssion energy generating neans 102 in
response to the input of the recordindQignal SA. The heating nmeans 120 is -
10 provided in'the recording unit 100 and heats the {iquid fromthe
outside. The heat controlling neans 140 can cause .the heating neans 120 to
heat the liquid and set an electrical signal within a range such as not to

formany fflight Jiguid droplet to the recarding ynit 15 _ controlling means
110 andyshefggyei%§$E%faihglgFaEi5°i§°5@cgﬁagﬁge&%ﬂPH£tﬂgrgﬁﬁtﬁonrental
conditions. LSSk C okling neans 150 ts,an.electrical signa

fo form the THoRETTEL o cRBLFCr1 H8 FRE Sﬂﬁ?Fol‘%ﬁFnélﬁé‘éﬂs%gfgfiettﬁer sby
al | owi ng t head 2COT THh\9- .UpLty, 10 L, e [ g u ropl ets.
The squenc?rg&;ﬁét){%‘flgng&en%aﬁg ’i%ogﬁi’ﬁg%ggl’?hénhé% gg%?%ggﬁl ng neans 140
when the powgitstidl Yp SV . t | ikihe emhgsion

control ling n€2ns 15%5 géﬁéréyﬁnﬁgrg§ﬁg§ﬁ?qﬁﬁg-g%?éﬁgfg re?é?ding

appar at u§ ofrddurding tih £ aEPhers 10y Hekh§- 1$0CEHR k8eSthhe _

| i qui d-di scharge recording unit 100, recording unit | controlling neans
110, and comlextmipml difnallhend supplies the electrical signal to

form the flight liquid droplets to the emission energy
géneraﬁiﬁg_means 102 in response to the input of the o/
recording signal SA. The hgatiﬁg means 120 is

10 provided in the recording unit 100 and heats the liquid
-from the outside. The heat controlling ﬁean5'140lax¢

Cauwst o o : _ :
&t}ows the heating means 120 to heat the liquid andjtocz

sesﬁ an eléctricalisignal within a range such as not to ~
form ény flight-liqﬁid droplet to the recording unit
15 contrqlling means 110 and thereby to heat the liquid
in accordance with the environmental conditions: The
emission controlling means 150 sets an electrical g;

signal to form the flight liquid droplets to the
controilingfmeans-llo; thereby allowing the recording
20 unit 100 to emit the flight liquid droplets. The
seQuénce'controlling means 160 drives the heat
controlling means 140 when the power supply SW is
‘turned on and then drives the emission controlling
means 150.-
25 ‘The liquid—diSCharge recording appafaﬁus'of
.the fourth example shown in Fig. 4 comprises the

liquid-discharge recording unit 100, recording unit



recording unit 100 has the emission energy generating neans 102 which can
allow an_energy to act on the liquid to formflight liquid droplets in
response to 5 the supply of an electrical signal. This recording unit
fl'lies and emts these liquid droplets and all ows themto be deposited on
the recorded material P. The recording unit controlling neans 110 can set
the electrical signal and supplies the &Iectrical signal 10 to formthe
flight liquid droplets to the em ssion energy generating neans 102 in
response to the input of the recording signal SA. The control neans 190
sets the electrical signal to formthe flight [iquid droplets to the

recording uni ledhRd 10l G BANL IGO0 difly ‘Cont S MSnd L d1E 1L Of (he

recordi ng signal SA in the case er e-environnmental conditions are

fitted for req@ddr@ing RariabyLod | hd N Lol die bt tgdf¥rd®ing -
prelimnarily emt the flight liquid droplets, and then generates a command

signal . 20  means IUZ Whibh Gati S Gy GaREd Al the fifth
exanpl e shown in Fig. 5 conprises the liquid- discharge recording unit 100,

recordi ng uni tligmiid did ifegrmreEdisghit] A idheat idppleass i Gedpaisea rol |ing
means 140, em ssion controlling neans 150, and sequence 25 controlling
neans 160. 5 Thaer steppdimefusn eletrisalhsignalsi ofhdeermpecqgatigrat i ng neans
102 incl udi ng an el ectrot hermal energy converting device which can heat
unit flies and ‘emits these liquid droplets and allows
them to be deposited on the recorded material P. The
— recording unit controlling means 110 can set the
electrical signal and supplies the electrical signal
10 to form the flight liquid droplets to the emission
energy generating means 102 in response to the input
Y, of the recording signal SA. The control means 190 sets
the electrical signal to form the flight liquid
droplets to.thé.recording'unit controlling means 110 in

15 response to;the input of the recording signal SA in the
case where the environmental conditions are fitted for

Y recording, thereby allowing the recording unit 100 to
préliminarily'emit the flight.iiquid droplets, and :
then generates a command signal. '

20 ' The liquid-discharge recording apparatus of the
fifth example shown in Fig. 5 comprises the liquid-
diséharge recording unit 100;'récording unit controlling
means 110; heating;means 120, heat controlling means
140, emission controlling means 150, and sequence

: 25 controlling means 160. The'recording'unit 100 has the

emission energy generating'means*102 including an



the liquid to formflight liquid droplets in response to the supply of an—
el'ectrical signal. This recording unit flies and emts these liquid
droplets and records 5 on the recorded material P. The recording unit
controlling neans 110 can set the electrical signal and supplies the
electri.cal signal to formthe flight HLguid droplets to the em ssion energy
gener atii ng neans 102 in response to é command signal to start the 10 '
recording in response to the input of the recording signal SA. The heating
means 120 is provided in the recording unit 100 and heats the liquid from

t he outsige. The heat controlling means 140 can cause the heating neans
120 to heat ehecrrgthermad epergyasonyegitdag ideviag gilichwican meat ange
such as not to formany flight |iquid droplet to the recording unit

control ling Ke@ndiquadake £REMcE}ighthdiquige dropliats drad@FRAAES® Wit h thﬁ’

envi ronnental condition e eniision coq$rqlling neans 150 sets the

T
el ectrical 28° §PGn§PPPEJY:f BEHPPhS,FIcitgﬁFaI §i9Redrop TS FEIFIINE or di ng
it trol|i 11Q, th | ] t di it 100 t 1t
the flignt | FioPhias ana endfa® Bheaendsatas ARPRLAT Sraits TR A ves ¢ he.
heat tg ol | ] [ t ' f4:25 f. .th di
o gnal and v EndrRBRoRade; HABRRRRCE, | Dahde el RY Wit Ch ol ares a0

command si gn@bnero18Ry! hgHhE- $15°BARIGCECEARTLAGARAUAL 43 gifa1

and supplies the electrical signal to form the flight

102 in response to a command signal to start the
10 recording in response to the input of the recording
signal SA. The heating means 120 is provided in the

recording unit 100 and heats the liquid from the.

| from the o

outside. The heat controlling means 140 aléqys the
heating means 120. to heat the liquid andfo= seeﬁ an
15 electrical signal within a range such as not to form

any flight liquid droplet to the recording upit

controlling means 110 and thereby to heat the liquid g)

in accordance with the environmental condition. The
emission controlling means 150 sets the electrical .
20 signal to form the flight liquid droplets to the
recording unit controlling means llo,uthe:eby allowing
_the recording unit 100 to emit the flight liquid
dropleés. The sequence contfqlling means 160 drives
" the heat controlling means 140 in response.to the input
25 of the recording signal and drives the emission

controlling means 150, then generates a commahd signal.

liquid droplets to the emission energy generating m¢ans o/



fbe si xth exanple shown in Fig. 6 conprises the |iquid-discharge recording
unit. 100, "recording unit controlling means 110, heating means 120, cappi ng
5 neans 180, and control means 200. The recording unit 100 has the

efi ssi on energy generating neans 102 which can allow an eni ssion energy to
act on the liquid to formflight liquid droplets in response to the supply
of an electrical signal. This recordirmjggnt flies 10 and emts these
liquid droplets, thereby recording on the recorded material P. The
recording unit controlling neans 110 supplies the electrical signal to form
the flight liquid droplets to the em ssion energy generating neans 102 in

response td the input ehet msgﬁﬁa-agsefu% ¢ $beB2hing appleabgat bRy means
12Q_is provided in the recording unit 100 -and heats“the liquid fromthe

outside. The cepei fixtRassahBleCaAohs §aYPEE] ¢ EBmpbesegcendi ng unit 100.
The control nmeans 200 instructs a heating process to the heating neans 120

when the 20 ebiqubdré@bsehargadrécopdingeuniipr 2pe;, tetofdinagoufifg process
in conjunction with a single recording process by the recording unit 100.
When t he next c¢cembrdlbingimeanhsi $310ppheatilngvmeanst 220anceppingti on of a
set tine after conpletion of the single recording process, 25 the control
means 200 Pnstmerns 18@, sap@d oenhvoli mgans 208.heEhengegending2onihd at the

sanme time drives the capping, neans 180, thereéby coupling the ca gtng nmeans
180 with the rk¥®rRasfigthmienigppion energy generating means 102 which

can allow an emissioh energy to act on the liquid to
A farm flight liquid'aropleté in response to the.éupply
of an electrical signal.. This fecording unit flies
10 and emits these iiquid droplets, thereby recording dn
the fecorded material P. The recording ﬁnit controlling
\_ meanslllo supplies the electfical signal to form ﬁhe
fiight liqﬁid dropléts to the emission energqgy
generating means 102 in responéé to the input of the
15 recording_signal SA. Thé.heating means 120 is pfovided-
_in the recording unit 100 and-heatsithe 1iqﬁid from the
\_ outéide. The capping means 190 can be coupled with the
recording unit 100. The control means 200 instructs a |
heating proéess to the heating means 120 when the
20 environﬁental conditionsﬂare iméfdper.for a reéording
process in conjunction Qith a single reéording process
b& the recording unit 100. When the next récordiﬁg
signal ‘is inputted even after an expiration of a'sét
'éime after complétion 6f the single recording érocess,
25 the control means 200 insﬁructs the'stop of ﬁeating to
the heating means 120 and at the same time drives the
capping means-180,'£he:eby coupling the céppihg means

180 with the recording unit 100.



The I'i qui d- dlscharge recordlng apparatus of the seventh exanpl e shown in
Fig. 7 conprises the |iquid-discharge recording unit 100, recording unit
controlling neans 110, heating neans 120, heat 5 controlling neans 140,
em ssion control ling neans 150, and s§ uence controlling neans 160. The
recording unit 100 has the enission e gy generating neans 102 incl udi ng
an el ectrothermal energy converting device which can heat the liquid to
formflight liquid 10 droplets in response to the supply of an electrical
signal. This recording unit 100 fli-es and emts these liquid droplets,

thereby recording onThee 1igRa/dlert SBH gl r o rdiftfy M54 ik Wi t
.control ling means 110 can set -the electrical signal and supplies the 15

el ectrical skpeabeenthr examplle st G iFd gl Oplcﬁm‘pﬁioséé"lw ssi on enerb
generating nmeans 102 in response to the input of the recording signal SA

The heating kqnid+df@schapyey réedridinghaniac quod, Ngegvddiyp wiict heats the
liquid fromthe outside. The heat 20-- control'ling nmeans 140 can cause the
heati ng neansoff@oldihgametns Rilgyi theartd ngetmeamse|ld,r ilpmt signal within a
range su%ﬂ as not to formany flight .liquid droplet-to the recording unit
control | ithg reahsolidngnueansr d4f t emisstiorheontyeld ing aceorsddiide with the
25 environnental conditions. The enission controlling means 150 sets the
el ectri cal s?@ﬂaFegBePSFnFPﬁerPﬂJQWB Wﬁqﬂﬁdlépopl§m§1ﬁ§QQﬁ§Mﬂﬁxwdlng uni t

controlling neags

>

100 has the emission energy generatlng means 102
{ 1nclud1ng an electrothermal energy convertlng dev1ce v
which can heat the llquld to form fllght liquid |
10 droplets in | response to the supply of an electrlcal
signal. Thls recordlng unlt 100 flles and emlts these

lquld droplets, thereby recordlng on the recorded |

material P. The recordlng unlt controlllng means 110 v/
can set the electrical signal and snpplies the
15 electrical:signal to form the flight liquid droplets
to the emission energy generating.means 102lin response
to“the input of the recordina'signal SA. The heating _
/

means 120 is prov1ded in the recordlng unlt 100 and
heats the llquld from the outside. The heat |
Tl ol

20 controlllng means 140 al#gws-the heatlng means 120 to
heat the llquld and;ﬁ? set{ an electr1ca1 signal : _ . |
w1th1n a range such as not to form any fllght lquld
droplet to the recordlng unlt controlllng means llO
land thereby to heat the lquld in accordance w1th the

25 env1ronmental condltlons. The em1551on controlllng

means 150 sets the electr1ca1 SLgnal to form the fllght

llquld droplets to the recordlng unlt controlllng means | .



110, thereby allowing the recording unit 100 to emt the flight liquid
dropl ets* The sequence controlling neans 160 drives the heat controlling
means 140 in response to the turn-on of the power supply SWand/or 5 the
input of the recording signal SA. After driving the heat controlling neans
140, the sequence controlling nmeans 160 stands by for a set tine and then
drives the em ssion controlling neans 138 The | i qui d-di scharge recording
apparatus of 10 the eighth exanple shown in Fig. 8 conprises the

| i qui d-di scharge recording unit 100, recording unit controlling means 110,

and heat co trolligg means 140. The recording unit 100 has the emi ssion
energy genet at AA§ - nEhegeby2 aldewiagn fhen recordisaghandd 100ty erat

ting devi .ch can heat .the |iquid to formflight |iqyid droplet
nFesponse ¢ othhc I4gRry LONOEA AFBRLRSal  SgnACToRACE ORI i |
fli d enits these Liguid droplets, thereb di h ded
matori P ThBePBROIPnBYANPE GOt PBRY AGRSgo Iaide IgSCA4CLaR o pui e
i dth of the elgctrical .Signal 85t he el ecilisd si anal/oko f
the 11 ignt 11 oisacapah sBLUh8 ARA-BHCBE Thel BE,ELTENRRET, o BAR/cE) 001N

reSPONSe t & tNenENPHERE! o Nente LA ngl §1gha3AsAlhe Ateal: GRabialY | ng

means 140 25 has purse wd setting s°142 for setting a pul se width
to the recordi geURbhtCeBhESbL1RAgRRANs1 100, Thhe Beglueneat rol Iing neans

sets an electrical signal
" controlling means 160 stands by for a set time and then
N\ - drives the emission cdntroliing means 150.
The liquid-discharge recording apparatus of
10 the eighth example shown in Fig. 8 comprises the :

ligquid-discharge recording unit 100, recording unit

controlling means 110, and heat controlling means 140.

~ The recording-unit-lOO has the emission energy.
generating means 102 including an electrothermal energy
15 converting device which .can heat the liquid to form
flight liquid droplets in response to the supply of an
o electrical signal. This recording unit flies and

emits these ligquid droplets, thereby recording on the
recorded material P. The recording unit controlling
20 means 110 can set a pulse width of the electrical
signal and supplies the electrical signal to form the
fliéht liquid droplets to the emission energy
generating means 102 in response to the input of the
recording signal SA. The heat controlling means 140
25 has pulse width setting means 142 for setting a pulse
width to the recofding unit controliing means 110.

This heat controlling means sets an electrical signal



5

of a pulse width,wthin a range such.as not to formany flight liquid S

dr.opl et-"to the recordlng unit controlling neans 110 and thereby to heat the ~

~liquid in accordance with the environmental conditions. 5 - The ‘
|'i qui d-di scharge recording apparatus of the ninth exanple shown in Fig. 9 .

conprises the |iquid-discharge recording unit 100, recording unit '

controlling neans 110, and heat contro“glng means 140. The recording unit

100 has the em ssion energy 10 generating nmeans 102 including an

el ectrothermal energy converting device which can heat the liquid to form

flight liquid droplets in response to the supply of an electrical signal.

Thi s recolddi ref unigulde osldirtd. vmthmt&nesendgeqaudhdasphetstot fiermby

recording on 15 the recorded material-P.- The recording unit controlllng\_,

means 110 camnyﬂfk;ghtxikgnﬁdcﬁrQPkeblb@tthearesbgdanganul§uppl|es t he

electrical signal to formthe fli uid droplets to the_em ssion energy

generati ng mﬁ@@iw'ﬁ%sﬁg@ﬁﬁe&ﬂbﬁbYo otheaketbedlhguifignal 20

SA. The heat control]ling means 140 has, frequency setting neans 144 for

setting a fréﬁUéﬁﬁPHQ?QQﬁaWkﬁﬁnﬁh?mﬁ%ﬁ&¥°%%ﬁ??6 IFﬂﬁdﬁ§ ﬂ§5110 This heat
control lipg nmeans set q éiﬁ(écmﬂh na whi é in a.range such
as not to forn1any‘HﬁHﬁ1 AT ID EEC3R 139f?3ﬁﬁ§ﬁ YSoPEnhich is
hi gher than the freq&gnc pléﬂgﬁ%£§tfﬁ9€1g?'Qnégmggegegegﬁgd'”9 to
liquid-discharge recording unit 100, recording unit
controlling means 110, and heat controlling means 140. o/
The recofding'uni£5100 has the emission energy
10 generating means 102 ‘including an electrothermal -
energy converting device which can heat the liquid to

. form flight liquid droplets in response to the supply

of an electrical Siénal. This recording unit flies ~
";nd emits these liquid droplets, thereby recording on
15 the recorded material P. The recording unit controlling
means 110 can set a frequency of the electrical signal
and supplies the electrical signal to form the flight \;j

'iiquid droplets to the emission ‘energy generating means
'102 in response to the input of the recording signal |

20 SA; The heat controlling means 140 has frequency -
setting means 144 for setting a freqﬁency to the
recording unit controlling means 110. This heat |
controlling méans sets an electrical signal-whiCh lies
within a range such as not to form any flight liquid

25 droplet and a frequency of which is higher than the
frequency of an electrical signal upon récording to

the'récOfding unit controlling means 110 and thereby



the ,recording unit controlling neans 110 and thereby | to heat the

Ii qui d i'h accordance with the environnental conditions. The

| i qui d-di scharge recording apparatus of the tenth exanple shown in Fig. 10
conprises the 5 |iquid-discharge recording unit 100, recording unit
controlling neans 110, and heat control g nmeans 140. The recording unit
100 has the enission energy generating ans 102 including an

el ectrothermal energy converting device which can heat the liquid to form
10 flight liquid droplets in response to the supply of an el ectrical
signal. This recording unit.flies,and em s t hese id droplets, ereb
recording dn t¥R HeRbriRe ihﬁ%ﬁ a%nPac?ﬂE ?Eﬁﬁrﬁﬁﬁb gHFteBBﬁFPBWFPﬁ rirreang
110 can set a volé g of the electrical "si‘gnal 15 and supplies the

el ectrical sidffl9Yo*™Fmthe flight liquid droplets to the emi ssion energy

The heat cont ror 1 ing rikhet 10¢ Rzl et RELyE EheBrathe 2BEARTLNR BITE T
vol tage 10 the g ecOrinG. piih1 20 AGRAT Phi F1g. TRBNEokA0: sTUI Bbeal

control ling neans sets r|c S|gna of "a vol tage mnt In a range

such as not tq{@imﬁ&wséﬁaﬂaé +é851diAGOoRheE ﬁ.oo;heeeeﬁa&ﬁgnqw&lt

controlling neans 110 and thereby to heat the liquid in accordance with the
environnent al gdn®diin@Nheans 110, and heat controlling means 140.

‘The recording unit. 100 has the emission energy
generating means 102 including an electrothermal energy
converting device which can heat the liquid to form

10 flight liquid droplets in.response to the supply of an.
electrical signal. This recording unit flies and emits
these liquid droplets, thereby recording on the _
recorded material P. The recording unit controlling
meané.llo can set a voltage of the electrical signal

15 and supplies the electrical signal to form the flight
ligquid droplets to the emission energy generating means
102 in reséonse to the.input of the recording signal
SA. The heat controlling means 140 has voltage setting
means 146 for setting a voltage to the recording unit

20 controlling means 110. This heat controlling means
seté an electrical signal of a voltage_within a range
such as not to form any flight liquid droplet to the
recording unit.controlling means 110 and thereby to
heat the liquid in accordance_with_the'environmental

25 conditions.

The liquid-discharge recording apparatus of the

eleventh example shown in Fig. 11 comprises the



The |iqui d-di scharge recordi ng apparatus of the el eventh exanple shown in
Fi~g. 11 conprises the | i qui d-di scharge recording unit 100, recording
unit controlling neans 110, and emi ssion controlling means 150. The
recording unit 100 has the em ssion energy generating nmeans 102 which can’
allow an energy to act 5 on the liquig,to formflight liquid droplets in
response to the supply of an electric signal. This recording unit flies
and emts these liquid droplets, thereby recording on the recorded nateri al
P. The recording unit controlling neans 110 can set the 10 nunber of

em ssion tinmes and supplies.the electrical signal to formthe flight l[iquid

dropl ets ¥ o Ligubdrdischasger-ggcgadingt ung - IEEQndings pide to the
i nput of the recording signal SA._ The eni'ssiqgn controlling means 150 has
times of enieeRbrekiing geans Adlnsand, epd.ssdon iGaRtaat HEAY¥E eni ssi on
times in accordance with thgienviron tahgfo Itions. .This em ssion '

control I i ng he%ns TRESTERRr

Bg: Ppek 00RO SMHSSHON 18RI i qui d

d I h di [ g ' OW
501 Gtor i GERRFACERE PaABRCLPf RALER, Bt ALiRY A SRekdbes Hip ors by
an anoun s.th nbe f 1SS A ) - i qui d-
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recording apPar

10

15

20

25

| 1 g. conprises the
response to the supply of an electrical signal. “This

recording unit flies and emits these liquid droplets,

‘thereby recording on the recorded material P. The . '

recording unit controlling means 110 can set the
number of emission times and supplies the electrical
signal to form the flight liquid droplets to the

emission energy generating means 102 in response to

"to form the flight liquid droplets to the recording

unit controlling means 110, thereby allowing the
recording unit 100 to preliminarily emit the flight
liquid droplets by an amount as many as the number of
emission times set.

" The liquid—discharge'recording apparatus of '
the twelfth example shown in Fig. 12 comprises the.
liquid-discharge recording unit 100, driving'means'Zlo,_
and heat controlling means 220. The recording unit 100

has the emission energy generating means 102 for

the input of the recording signal SA. The emission -kh/
cbntrollipg-meansqlsb has times of emission setting

means 154 for setting the number of emission times in
accordance with the environmental conditions. This

emission céntrdlling means sets the electrical signal v



25 ~ liquid-discharge recording unit 100, driving neans 210, and heat
control | i*-ng means 220. The recording unit 100 has the emission energy
generating means 102 for allowing an energy to act on the liquid to form
fl'ight liquid droplets in response to the supply of an electrical signal.
This recording unit flies and emts thesqctiquid dropl ets, thereby
recording on the 5 recorded material P. he ‘driving neans 210 noves the
recording unit 100 in a predeterm ned direction with regard to the recorded
paper P. The heat  controlling neans 220 heats the liquid existing in the
recording unit 100 when the driving nmeans 210 is stopped. 10 The

| i qui d- di schar gé lbedagdiang eaprayattos aeft ohe thy rtiepnid wxaayne MMt i n

Fi g3 conprises the |iquid-discharge recording unit 100, recording unit
control l'i ng nedagui@0drbpdetsodtr alelspogsee dos the) suppdyermfssinon control Iing
means 150. The recording unit 15 100 has the emni ssion energy generating
means 102 incIGé?ﬁgrinagleégngﬂherEhﬁsememgwdmmweuﬁﬂnéhiaﬂm&mdwnch can
heat the liquid to formflight liquid droplets in response to the supply of
an électrical §miksl therpsligudfdingprdeits.f itherehyd regorsingeson de || quid
dropl et s, tpereby recording ,on the recorded material P.. The recording unit
control |ing nmeifRgox¥ded nategiadng | &by AxdNisigymeansn 10y soviess thiee

el ectrical sigggéoggiLgrghggelei Rtalggghgtg&%ghgkfdirection with
regard to the recorded paper P. The heat gontrolling
— -'means 220 heats the liquid existing in the recording
unit 100 when the driving means 210 is stopped.
10 ' The liquid-discharge recording appa?atqs of
the thirteenth example shown in Fig. 13 comprises the

liquid-discharge recording unit 100, recording unit

W,
controlling means 110, heat controlling means 146, and
.emission conErolling means 150. The recording unit
15 100 has the emission energy generating means 102
including an electrothermal energy converting device
QJ, | - which can heat the liquid to form flight liquid

dioplets in response to the supply of an electrical
signal. This recording unit flies and emits these

20 liquid droplets, thereby fecording,qn the recorded

| material P. The recording unit controlling méans 110

can set the electrical signal and supplies the
electrical signal ﬁo form the flight liguid droplets
to the emission energy generatiﬁg_means 192 in

25 response to the input of the recording signal SA. The
heat controlling means. 140 sets an electrical signal

within a range such as not to form any flight liquid



to the em ss
the recordin
signal withi

i h accor danc

the electric
em ssi on con

ion energy generating neans 102 in 25 response to the

g signal SA. The heat controlling neans 140 sets an el ectrical

nput of

n a range such as not to formany flight liquid 29 dropl et

to the recording unit controlling neans 110 and thereby to heat the liquid
e wth the environnental cgnditions. The em ssion controlling
means 150 has the frequency setting 3 144 for 5 setting a frequency of

al signal to the recording unit controlling nmeans 110.
trolling means sets the electrical signal to formflight

Thi s
liquid

droplets after the heating and a frequency of which is below a frequency of

the 10 electy
recordi ng un
wi'll then be
dr awi ngs.
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14 1l lustrates an exanple of a constituti

on of

the reCOFd' nanwalrb&n{éfnttafle doMeijtglon¥ J NI dpisdiem ¢éhetidVEMgon can be

appl i ed, whi

ch have been shown in Figs. 1 to 13 as the exanpl es of

ar rangenment s meafspPaGo helsy thel Hreqieargt ese'stm;plmmhému ofdhe i nk-j et

printer of t
noves in &

10

15

he format in which a head unit is nounted to a carri age
settlng a frequency of the electrlcal signal ‘to the

recording unit controlling means 110. This emission
controlling means sets the electrical signal to form
flight liquid droplets after the heating and a

frequency of which is below a frequency of the

S » _ . :
electrical signal at the time of the recording thereby

allowing the recording unit 100 to emit flight liquid

droplets.

The present invention will then be described
in detail hereinbelow with reference to the drawings.

Fig. 14 illustrates an example of a

constitution of the recording units of the ink-jet.

printers éb which the invention-can be applied, which

have been shown in Figs. 1 to 13 as the examples of

_-arranéements,"reSpeétively. ‘This example is applied

20

to thé'ihk—jet printer of .the format in which a head

" unit is mounted to a carriage which moves in a:

25

predetermined direction with regard to a recording.
eurfaéé."Figé. 15A and 15B are an enlarged diagram of
the heet.unit in Fig. 14 and an enlarged diagram ef a
nozzle unit thereof, respectively.

In Figs. 14, 15a, and 15B, HU denotes a

1iquid¥discﬁarge'recording unit mounted on a carriage

whi ch

-



predeterm ned direction with regard to a recording surface. Figs. 15A and
15B are an enl arged di agram of the heat unit in Fig. 14 and an enl arged

di agram of a 25 nozzle unit thereof, respectively. In Figs. 14, 15A, and
15B, HU denotes a liquid-discharge recording unit nounted on a carriage

C. "It is also possible to provide the r%ﬁfid-discharge recording units HU
as many as the nunber of col ors of inks I ch are used. FC indicates a
flexi ble cable consisting of a set of signal lines to control the 5

em ssion of the ink by the recording unit HU and the like. The carriage C
is fixed to, for exanple, a belt or the |ike and noves in the directions

i ndi cated by actowgtSiknaliisg. pb4shpler ite pEFovVERS thieCh ighid-MEsehagelO
the_Like. The guide rails R guide the carriage C so that it noves in the
directions S. Pedomding uhgtseHUr dsdmamieasaltheunimberaofapeloes e | i ke
which is conveyed in the direction indicated by an arrow f in Fig. 14. PL
represents a piakenwhidch5areonsethe Fecdndicgtesr hac€dexfibileecabder di ng
paper P. Nanmely, the carriage C noves in the directions S in the diagram by
the driving negefBsasbangt A€ gusat ofi ségralt Adneby teakengrol pbesible to

record on Qpe recording surface of .the recording paper P. 20 ST
denot es a sub- tBARSHPBvPEcthenipkeb¥atheagecording unit HU and the
like. | | o

The carriage C is fixed to, for example, a belt
— or the like and mdves in the directions indicated by
'arfows S in Fig. 14'by dri&ing means such as a motor or-
10 the like. ' The guide rails R.guide the carriage C so
that it moves in the directions S. “

P denotes the recorded material such as a paper

U
or the like which ié'conveyed in the direction indicated
by ah arrow_f in'Fig. l14. PL représénts a piateﬁ to

15 form the recording sﬁrface of the reéordinglpaper.P.
Namely,.the carriage C moves in the directions S in the
U diagfaﬁ by the driving means along the guide rails R,

theréby making it pdssibie to record on the recording
surface of the recording paper P. |

20 ST denotes a sub;tahk'provided in the carriage
c: TBl'is an ink supply tube for communicating a main
'fank (not shown) with the sub-tank ST; and TB, is an
ink supply tube unit for communicating the sub-tank ST
with a liquid.bhahber IR in the head unit HU.

25 In addiﬁiﬁn; CAP is a'cap mémber'arranged_to
faée'tﬁe-recording unit HU at a home positibn ﬁ of the

carriage C in the directions S. When the carriage C



[err] is an ink supply tube for comunicating a main tank (not shown)
mnth the sub-tank ST; and [err] is an ink supply tube unit for
comuni cating the sub-tank ST with a liquid chanber IR in the head unit HU.

25 In addition, CAP is a cap nenber arranged to face the
recording unit HU at a hone position & the carriage Cin the directions
S. Wien the carriage C Is | ocated at” the hone position, the cap nenber

CAP can nove toward the recording unit HU by driving neans such as a notor
or the like and can abut. on the enitting surface thereof. A collecting

member SR 20 %1dcablal be EALURLAY BULLANGO! (I LECRANg Wil U and

coll ects the™ |n anﬁl I on por ous

material . '%5?]%?4&% raSth be%eoeg%g L g " difivildl BgaBuPpl Y tUb

unit [err] I quid.c nozz ‘e unfr exi bl e

cabl e FC  etg,crlgs 34 'RGesH 88dehy Mkehahhe%ancmn%t £h@f e support ed.
BSH denotes an el astic nenber for supporting the .peripheral portion of the

nozzl e unit emfttdng $6PLace! Bhéreds. SaacbNRREINY Reh®RIOLPSdBHLES a
therm stor 15 or the like to detect a tenperature; and HTR is a heater

consi stisg odn e embtedng, sapfatecobrother relkogdthgy uhdmy 8Ut @hdsuch as a
positive characteristic thermstor or the |ike attached to the heat unit HU
in order to duklecte tink bmkl &ndpist fommedf odn fobe exaspde, a
‘water absorption porous material._
In Fig. lSA, BP is a base plate on and over. QJ-
.whlch the supply tube unlt TBZ, the llquld chamber IR,
10 a nozzle unit NZ, tbe flexible cable FC, etc. aresu_
arranged and by which these components are supported.

- BSH denotes an elastic member for supporting the

peripheral portion of the nozzle ubit; FP is a front e
plate; TS is a temperature sensor suoh as a thermistor
15 or the like to detect a temperature; and HIR is a
.heater consistin§ oﬁ,;for instance, ab eleotrothermal
energy converter.such_as a_positiveboharacteristic | ;J

thermlstor or the llke attached to the heat unlt HU ln
order to heat the ink and keep it warm from the outside.
20 _1?_1s_a_heat_con§uot;ng plate.
; Oon one hand, in Fig. 15B, OR denotes an orlflce
Serting.as an ink emitting hole. 1In thls embodlment,
a predetermined_nomber of orifices OR are vertically
arranged in the nozzle unit N2. -ICH is a ;;qhid
25 channel_for_communicating_the orifices_OR witb tbe
~ liquid chamber IR. ET is an emitting heater serving as

an emission energy generating device for applying a



20 TP is . a heat conducting plate. On one hand, in Fig. 15B, OR denotes an
orifice serving as an ink emitting hole. In this enbodinent, a
predeterm ned nunber of orifices OR are vertically arranged in the nozzle
ufit NZ. ICHis a liquid 25 channel for conmunicating the orifices OR
with the liquid chanber IR ET is an<ﬂ9t§ing heater serving as an

em ssion energy generating device for apptVying a thermal energy for

em ssion to the ink existing in the liquid channel I1CH To record using the
above-nenti oned recordi ng apparatus, the ink is first supplied to the
sub-tank 5 ST fromthe main tank through the supply tube [err]. Further,
the |iquid chathRymaR enrrdy of0x eMisston | the ink|ediskimgtie theor di ng
| i quid through the supply tube unit [err].-Next, an electrical signal is
applied to thelimid ichpnnak FCHT through the flexible 10 cable FC from
i quid droplet enittigﬁ%signal generating means which will be expl ai ned
herei nafter, thereby RSN iHndicth e rakhgvementioned eagerding

T Gul d oxi ot | APRAFATIE (R diUnaAor IS8 TUPPTEST Ehethe iR B causi ng
W th an | not afhdesh T e A RIS e FUREHTRES (BRat in that
portion. Theﬁﬁ?%ﬂéy}ukﬂé(¥£dhid-chamber IR and ‘liquid channel ICH
are filled with the recording liquid through the
N supply tube unit'TBz. Nexf, an electrical signal is
applied to the emitting heaﬁer*ET through the flexibié
10 cable FC from liquid droplet emitting signal generating
means which will be explaihed hereinafter, thereby

energizing the heater ET. Thus, the heater ET

U
generates a heat energy and this heat energy is applied
to the recording liéﬁid existing in the liquid channel

15 ICH near the heater ET, causing an air bubble to be
produced in the recording liquid which is accompanied

U with an instantaneous increase in volume of the

recording liquid in that portion. The recording liquid
existing in the downstream portion of the emitting

20 heater ET is emitted from the orifice OR, so that the
liquid droplet of the recording liquid is formed.
This recording liquid droplet is deposited on the
recorded material P such as a paper or the like fed in
front of the nozzle unit, so that the recording is

25 performed.

'Fig. 16 shows an example of an arrangement of

a control apparatus of the ink-jet printer of the



existing in the downstreamportion of the emtting 20 heater ET is emtted .
fromthe orifice OR so that the liquid droplet of the recording liquidis ~
formed. This recording liquid droplet is deposited on the recorded material
P such as a paper or the like fed in front of the nozzle unit, so that the ~.
recording is 25 perfornmed. Fig. 16 s ., an exanpl e of an arrangenent of a
control. apparatus of the ink-jet print€r*of the I nvention. For exanple,

it is assumed that this controll apparatus receives print data froma host
conputer and stores the print data of one line and controls a printing head

by a controller of the head 5 wunit HU thereby printing. In Fig. 16, a

progr ammabl e ipstentiomn iFaresarP Xherkt nbs tasSupedethal thiss a PPl) 1

first receives in parallel the print dat-a which is sent fromthe host

conput er of AR YR EARPHAIISIHRFIVeHPEbbRAEAL THOm anestansits the

rint data to a ni.croprocessin i.t (hereinafter, referyed to as an MPU) 2.
‘Fl)'he PPl 1 al ﬁ?%ﬁerror%‘das&ﬁlf%ugl?gﬁﬁ”bl r‘?%??’rségno??\p{ﬂ?‘?nﬁn%r ocess (l)J12 a

oxecutos o 18NS & R BOR NS ST TRL L raf nli e Bl ater A
Fﬁglgpfe&ygiqg;eaddjuiﬂggggy’ﬂygﬂgﬁhégw_stoplng the_prlnt_data.recelved by_
' -In Fig. 16, a programmable peripheral interface
(hereinafter, referred to as a PPI) 1 first receives in
parallel the print data which is sent from the hdst N
‘computer of the printer according to the embodiment
10, and transmits the print data to a microprocessing:unit

(hereinafter, referred to as an-MPU)_Z;_ The PPI 1

‘also controls a console 6 and performs. an inputting.

process of a home position sensor 7. -The MPU 2 ~
controls each section in the printer and executes a
15 processing procedure thch will be explained
hereinlater. A RAM 3 serves as a line buffer memory
for storing the print data received by the PPI 1 by;én. \;}

amount of one line. Reference numeral 4 denotes a ROM
to genératé fonts of print output characters, and 5 is
20 a control ROM in which processing procedures  (Figs. 5
to 7) which are executed by the MPU 2 are stored..
Those components 1 to 5 are connected through an
-address bus:  AB and a data bus DB..
The -.console 6 has.a keyboard.switch, an
25 indicating lamp, and the like. The héme position
'sensor 7 is disposed near the home position of the

carriage C. ‘A cap-mode sensor 8 senses the state of the



appunt of one line. Reference numeral 4 denotes a ROMto generate fonts of
primt output characters, and 5is 20 a control ROMin which processing
procedures (Figs. 5 to 7) which are executed by the MPU 2 are stored. Those
cdnponents 1 to 5 are connected through an address bus AB and a data bus
DB. 'The console 6 has a keyboard switch,ggn 25 indicating |anp, and the
like. The honme position sensor 7 is di gp0sed near the hone position of the
carriiage C. A cap-node sensor 8 senses the state of the | cap nenber
CAP, nanely, detects whether the cap menber CAP is coupled with the head
unit HU or not. A paper sensor 9 detects the absence of the printing
paper. A hdad-€ap tmembey oFARr namely chdeteqbs pvhether gthe eap member out put
tine and starts the print_output in response to a conmmand fromthe MPU 2.
Nanmely, in thiPRibdHERRIed tWith ohhe ohead wpitsHUsey BRts JAPREEEd

|t earated o ieulof | DaqbStetlE SlLELag gl Bepcersing, specd. For
cont rol ler 10, The. pr i ara thf coneeobiee T, ERterrs Bie pert il ae i1 T,
donot os a orvared ST AR SRR Bhhe ipe pvanin O BEIHE NG o
10; 13 in response to a command from the MPU 2. Namely, in
this embodiment, the controller 10 is used as a
K,' dedicated integrated circuit (IC), thereby realizing a
high processing speed. For example, the controller -
10 disclosed in Japanese Patent Application No. 162802/
1984 by the same applicant as this application may be

used as thé*controller 10. The print data which has

Y
once latched is outputted as it is, unless otherwise a
change 'is requested.

15 : Reference numeral 1l denotes a driver to drive
the head unit HU in.responSe to the controller 10; 13
U is a protective circuit of the head unit HU; 14 a

‘ driver to drive the heater HTR for heating the ink and
keeping it warm which is provided for the head unit
20 HU; 15 a temperature comparing device of the ink -
temperature $ensor TS provided for the head unit HU;
16 a font switch to instruct the switching of the.
Iprint font; and 17 an input selector to switch signals
of the device 15 and switch 16 and is controlled by
25 the MPU 2.
| Numeral 18 denotes a driver to drive a motor

M5 for moving the cap member CAP with respect to the



Is a protective circuit of the head unit HU, 14 a driver to drive the

heat er-HTR for heating the ink and keeping it warm.which is provided for
the head unit 20 HU;, 15 a tenperature conparing device of the ink
tenperature sensor TS provided for the head unit HU, 16 a font switch to.
instruct the switching of the print fg?, and 17 an input selector to
switch signals of the device 15 and swWtch 16 and is controlled by 25 the
MPU 2. Nuneral 18 denotes a driver to drive a notor [err] for noving the
cap menber CAP with respect to the 1 head unit HU, 22 and 24 are

d t ' t f f eed th d t M f
o 1 AT TP 06 B o 4, RS S B R o e
d d th th d t/
R e A TAe e, TS
I nt h t h II th b
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turned on a%wr\mw@e Pihd!aNdri o2l Ehbsdos! Qﬁ;@:ﬁagrién'u%eﬁutbs subj ect ed

to a preheating process and a prelimnary emtting process, thereby
obtai ni ng a ¥aesd khenaiti 14 €hat Read! Und¥duyl, ORespBetegBRYNg tO the head

unit HU is properly controlled in conjunction {5"Wwth those processes. It
is assumed that the The outline of the processes in the case of
the ink-jet printer shown in Figs. 14 to 16 according
to this embodiment will then be described. In this | w
embodiment, when the power supply of the printer is.
10 turned on and when the printing is started, the head

unit HU is subjected to a preheating process: and a

preliminary emitting process; thereby obtaining a g@od

ink emitting state. -In addition, the capping to the

head gnit Hﬁ is properly controlled_in_conjuhction _
15--with-those processes. It is assuméd that the

preheating process includes the execution of an

external heating process and/or an internal heating._ \;)

. process.
| In this case, the external heating denotes
20 that the ink is heated from the outside of the head
unit HU by driving the heater HTR and thé.internal_
heafing denotes that the ink is,heatéd.in.the head
unit HU b&'supplying a print output pulée within a
range such as not to.emit any ink from the head unit
95 HU to the emission energy generating.device.' A print
output start signal is sent to the head-unit controller

10 at every set frequency during the internél heating.



preheating process includes the execution of an external heating process
and/or an internal heating process. In this case, the external heating
denotes 20 that the ink is heated fromthe outside of the head unit HU by
dfiving the heater HTR and the internal heating denotes that the ink is
heated in the head unit HU by suppl yi nge rint output pulse within a range

such as not to emt any ink fromthe he nit 25 HU to the em ssion energy
generating device. A print output start signal is sent to the head-unit
controller 10 at every set frequency during the internal heating. 27 1

When the preheating, tic arI t he i nt er nal heatlng Is perforned, it is
desirable to apply a pﬁFﬁP gh?p& BPa§F8§erﬂﬁﬂ§k9 QﬁﬂY ﬁ?@huency and

I h A f . d- '
ronroti or 10 SRERFRHT, helbipb YBL RersPatetecdy s aeBinas S WP at an
di to thi
rbod mnt . patpErnECBEroRt bECpHbHer, BTSS! il °r%ﬁ AT #ihanged
and. set in accgégengg %btbhéhﬁeéﬁ Hggge 5'tyﬂo§%v5%2tth@euggﬁgquht can be

heated in the optinlm manner an sof twar € "can a high
processi ng BpeggagainPe E6ALEEETer O100BRaBARY. tﬁﬁeguEthﬁgnﬁase of

perform ng the
processes to be carried out even at an ordinary
processing-speéd of the MPU. Namely,_according to this
W} embodiment, parameters of respective print outpufs can
be freely changed and set in accordance with the
10 necessity, so that the head unit can be heated in the

optimum manner and the software can be simplified and

a high processing speed can be realized.

~ On one hand, even in the case of performing the
preliminary emission as well, it is preferable to apply
15 a suitable print output having a pulse width, a
frequency, and a voltage as parameters to the head unit
U HU similarly to the above. In this embodiment,_those'

‘parameters and the number of emission times are changed
in accordance with the environmental conditions. The
20 embodiment can easily cope with such a case by the
software and the 6ptimum preliminary emission can be
performed. 1In addition, in this embodiment, all dots
of the print outputs at the time of the preliminary
emission are set to "1" using the head-unit controller
25 . 10. Therefore, there is no need to change_thé print
data every time with respect.to the print data in this
case, so that the software can be simplified and a high

processing speed can be realized.



prelimnary emssion as well, it is preferable to apply 15 a suitable
pri'nt olUtput having a pulse width, a frequency, and a voltage as paraneters
to the head unit HU simlarly to the above. In this enbodi nent, those
paraneters and the nunber of emission tinmes are changed in accordance with
the environnmental conditions. The 20 odi ment can easily cope with such
a case by the software and the optinﬁﬂf relimnary em ssion can be
performed. In addition, in this enbodinent, all dots of the print outputs
at the time of the prelimnary em ssion are set to "1" using the head-unit
controller 25 10. Therefore, there is no need to change the print data
every time with respeintpingiesateophinizinghpsogassessant khist he

software can he sinplified and a high_processing speed can be realized. W

Printing sta@@hﬂﬂﬁmﬁ%ﬁrﬂf%%cﬁk%%é%eiﬂe?ﬁ¥%b%|. 8ratAPedPKl then be
tate optimzing prodhds prbhand LZBFEPRGEs SXGRERE BFOLBRL i nventi on.
e ately S % A Sl g B cb RN Sha BERBH g™ e
e 8L 4 Ao e g, e ]I e buT e 10 ey B
respective parameter §gmmediately after the turn-on of the power

supply of the printer, as an initializing process, the

PPI 1 and head-unit controller 10 of the hardware are w

initialized and, for the software, the line buffer

10 mémory.RAM 3 is initialized and the operation of the
control ROM 5 is checked, and the respective parameters

which are used for processing are initialized (step Sl).

After.complet;pn of the initializing process, ~
the head cap motor M3 is driven to open the head cap
15 while monitoring the cap-mode sensor 8 by the MPU 2
(Step'SZ); Monitoring the home position sensor 7, the
‘carriage motor M, is driven to return the éarriage c Q;i

to the home position H (step S3). Then, monitoring
”the sensor 8, the cap motor M3 is driven to close the
20 head cap to the head unit HU (step S4).  Further, the

motor M 'is driven to feed the recordinqipaper-by-an

1
amount of,'e;é., one line (step S5). After those
processes, the head unit HU is initialized.
In the initializing process, the preheating
25  process (step SH) of the head unit HU is first started.-

Fig. 18 shows an example of the preheating -

procéSSing'prOCedure for performing the external

-



whi ch are used for processing are initialized. (step S1).- After conpletion
of the initializing process, the head cap notor [err] is driven to open the
head cap .15 while nonitoring the cap-node sensor 8 by the MPU 2 (step S2).
Moni toring the home position Sensor 7, thé carriage notor [err] is driven
to return the carriage Cto the hone ‘position H (step S3). Then, nonitoring
the sensor 8, the cap notor [err] is driven to close the 20 head cap to the
head unit HU (step [err]). Further, the notor [err] is driven to feed the
recordi ng paper by an anmount of, e.g., one line (step S5). After those

processes, 1t he,difdthg/a HhtSridl thed ¢ 28y, 14s théntDbhéadl 4BORE, PEOEESS,
the preheating 25 process (step SH) of the head unit HUis first started.

Fi Q. /18 shows e exitgrmal0fhdd iy chantowep Wt 0SLSa | gl Pe ovbdthip &or

perform ng the external heati ng and internal heating. As nentioned
above, for thedlttaryenalanea imiggh afrenigndy ofi thinl sangesit suck a9l nege, and
a high frequency within ranges such as not to emt any ink is applied to

t he -head unit tdUemidmanye imk dentappliced 1ty therkend aphbhi BY fremhehke to be
generated in the head unit HU. For the external heating, the heater HIR
provi ded fbr tdentreddemik0 Hiherehie pllowinghadeatbte Radoererateder 14

is turned on by the MPU 2, thereby heating the head unit. HU. The external
10 heating i ¥nstthe fead wldy Bty FRF tHhe rxketpst heating, the

heater HTR provided for the head unit HU is used'as a
{ heating member and the driver 14 is turned on by the
MPU 2, thereby heating the head unit HU. The external
10 heating is started in-étep_éHl and the head-unit
controller 10 is set into the external heating mode 'in
step SH2. In the next step SH3, the print outputs of
all dots are set to "1". The internal heating is
started in step SH4. In the case of performing the
15 internal heating;-the pulse width, voltage, and
frequency of the print output are properly set as will
‘be explained hereinlater.
N~ o After the preheating of the head has beén
étarted in this manner, a temperature of the head unit
20 HU is checked to see if the upper temperature of the -
[ I Y R _ :
head unit HU'exceeds % constant temperature or not
(stép'SHS). If YES, the preheating is finished. If
NO, step SH6 follows and the preheating is started and
a check is made to see if a predetermined time has =
25 passed after the start of the external or intérnal’
heating (step SH6). If YES in step SH6, namely, when

. Wipe” .
the upper temperature does not exceed the/constant



controfifer 10 is set into the external heati-ng node in-step SH2. In the
next step SH3, the print outputs of all dots are set to "1". The internal
heating-is started in step SH4. In the case of performng the 15 internal
heati ng, the pulse width, voltage, ang frequency of thé print output are
properly set as will be explained herérnlater. After the preheating of the
head has been started in this manner, a tenperature of the head unit 20 HU
is checked to see if the tenperature of the head unit HU exceeds an upper
constant tenperature or not (step SH5). If YES, the preheating is finished.
If NO, steptempersaitiogs exes @iffen avemipigatsion of ethand a check is nade
to see if a predetermned tinme has 25 assed after the start of the

ext ernal or Prafetaamines: itdgerssdersiil’? fqklowss i nIntetesHE7 narel v, ﬁheq_)

the tenperature does not exgeed t he upper constant t enper ature even

after an exPFPPREPENLOr SERR Fheddnderinfdd heakdng tleh SIVE (&P 1BRR.  1n step
orevent  neCRBLHOIEH B0 B PREVRAN FI8 Mok SO AU QORI the
preven e - [ : A e
i.nt |z heat.ipg, h t st A dri 4.is t fft
!stn ogr tn ﬁes eiﬁ%#%gf"hggﬁ&ﬁg.y n%ﬁ?%tﬁ'%%l n%IBtBehilgmgefﬁraal,lyﬁ#ea]tp‘rﬁ‘eaﬁrhnggf%) st ogped
and the professi BRebORHeN®thd BFiVeded 4 Us5endh (k£ JUdp & uPPer
constant tenperature - ' - - o

external heating. Namely, in this case, the preheating

is stopped and the processing routine is returned to

wper (W

‘step S6 in Fig. 1l7A. Thejconstant . temperature -oa—the
10 . uppew—side denotes the upper limit operating .
temperature of the head unit HU (for example, 42°C). .

It will be obvious that the sequence of the start and

stop of the external heating and internal heating may o/

be changed.
15 - Referring again to Fig,.l7A, after the .
preheating was stopped, the apparatus stands by for a

predetermined time and the temperature distribution in

the heat unit HU locally heated is averaged (step S6). o’

After an elapse of the predetermined standby time, the
20 .preliminarysemittingzprocess_is performed (step SJ).
In the case where the sudden heating process was
exeéuted_for-the p:eheating at the time of turn-on of
the power supply, the standby time may be set to a
relatively long time. 1In this case, it may be set to,
25 e.g., 500 msec.
| ~Fig. 19 shows an example of the preliminary .

emitting process procedure. The emission condition



10 - -* denotes the upper |limt opgrating tenperature of- the head unit
HU (for exanple, [err]). It will be obvious that the sequence of the start
and stop of the external heating and internal heating may be changed. 15
Referring again to Fig. 17A after the preheating was stopped, the )
apparatus stands by for a predeterninedgﬂine and the tenperature
distribution in the heat unit HU locally heated is averaged (step S6).
After an el apse of the predeterm ned standby tinme, the 20 prelimnary
emtting process is performed (step SJ). In the case where the sudden

heating prbcess sagsexseut €d the hBadruehiedicongral 1khe 100 AR aftepur n-on of

t he power supply, the standby time may be set to a relatively long time. In
this case, itsoby bEhefnl, the pBrine outpu@e bFeallFdetslarzhewx aw exanpl e
of e prelimnary emtting process procedure. The em ssion condition S
first set to the headtepi 8J20nt Inl keéepl®@Ji3n theppBibt dhdputt ies print
outputs of all dots are set to "1" in step SJ2. In step SJ3, the print
output is apphppliied tbethealleadi unit HY ¢&oi emike thek inkhi sThisoperation is
repeated for a predeterm ned nunber of emission times due to the process in
step SJ4. SThePperakiont he pepeasspinforoat predpserminedepupbest 6F S10 in

Fig. 17A and the afgaratus enters the print = | _ :
emission times due to the process in step SJ4.

Thereafter, the processing routine is returned to step
S10 in Fig. 17A and the apparatus enters the print
standby state. Namely, the initializing process for
10 the head unit HU is finished in this manner. Then,
the procedure is shifted to the print standby state
frbm‘the host computer. On one hand,'thé specified
\~/ number of emission times énd the parameters of the
emission condition can be properly set in accordance
15 with the environmental conditions as will be explained
hereinafter.
When a printing siénal is supplied from the
\V’ host computer in the stahdby state of a printing signal
(step S10), the print data is latched into the PPI 1°
20 and transferred‘to the line buffer RAM 3. A signal
from the température sensor TS provided for the head
unit HU is detected by the temperature comparing
device 15 and a check is made to see if the rower
temperature is more than ;%;g;stant temperature, e.g.,
25 higher than 20°C or not (step Sl11). If YES, the
- head-cap motor M, is driven to open the cap (step S12).

Then, the controller 10 is set to the ordinary printing



_stdndby ‘'state. Narely, the |n|t|aI|Z|ng process for 10 the head unit HUis
finished in this manner. Then, the procedure is shifted to the print

standby state fromthe host conputer. On one hand, the specified nunber of .
em ssion tines and the paraneters of em ssion condition can be properly -
sét in accordance 15 wth the environ tal conditions as wll be

expl ai ned hereinafter. When a printing signal is supplied fromthe host
conputer in the standby state of a printing signal (step S10), the print

data is latched into the PPl 1 20 and transferred to the Iine buffer RAM

3. A sigha |m9¢enFPheeFéﬁﬁ@rab&rergéﬁgepars gréFisden fGtepse Sdbad unit HU

is detected t he te eraig e conpa |n devi ce 15 and a check |s made to
see if the tE eF atQrE Se tREnt r@Sh’st &r‘ﬁt NG iershan $1le. g , 28
hi gher than %err or % gl%LfW If YES ad cap notor rr] S
driven to op®A"thE ¥ e’("s gp %1 F aned; 1GSPETENE t he
Cefertb B ofh b JFERRHERTECL R T
det d t t tant
tgnggrgPﬁre e ce(sFéﬁngfégpéégd sbggﬁglg?a %Qgﬁé {Re p%gﬁegPlng

process (stepstepts SB!ereférFts. Fi?l &%)pQEfBEEE@rméﬁterAEQ%rskﬁﬂﬁby state
for the predetermned tine (step S

standby . state for the predetermlned time. (step sls),
! - the emission condition. and the number of emission ' |
times are further set to the controller 10 and the . e
- 100 preliminary emissiongié.performed (steps SJ; refer to
Fig. 19). n
In this case, the standby time can be set to

be shorter than thgiabove-mentipned standby time when : %.;
the sudden heating such as at the time of actuation of

15 -the recording unit is not performed. Th:}p;;stant
temperature 9n4#he—lewer—tempe;atésefside means the
lower limit opérating-temperature of the head unit HU.

. Next, the driver 14 is turned off to stop the o’

external heating (step S16) and the apparatus enters

20 the printing sfate. Namely, the heating process is
not executed during the printing operation when the
carfiage motor M, is driven.

-

25



t he-em ssion condition and the nunber .of en155|on times are further set to
tthe controller 10 and the 10 preI|n1nary em ssion is perfornmed (steps SJ;
refer to Fig. 19). In this case, the standby tinme can be set to be short er
fhan t he above-nentioned standby tine en the sudden heating such as at
the tinme of actuation of 15 the recoreh’ng unit is not perfornmed. The

| ower constant tenperature neans the lower Iimt operating tenperature of
the head unit HU. Next, the driver 14 is turned off to stop the external
heating (step S16) and the apparatus enters 20 the printing state.

Nanely, the heating prgacgadik§onot tﬁéemh%qn@urp'f&eg € JAln el Ng operation
mhen the carriage notor [err] is driven I-tion, the heating

Qggss can balabspe?ebtﬂéaﬁdlthbheUEan@E@&%bnﬁnaglﬁh%QhH C power
onSunption in conjunction with the printing process in step S20. Nanely,

durlng t he nmopowgrScopsumpt 2onoint BEn§ahELABE, wikBN thee pravitAggdi rection is
changed at both ends of the novenent range of the carriage, the carriage C
onge stops at prbeesst innshgpps2at s; Nahelgf, odar inkye theamorgngr ocess nay be
executed at this time. 10 After the start of the printing, when
t he 5 operation of the carrlage, when the mov1ng dlrectlon
is changed at both ends of the movement range of
the carriage, the carriage C once stops at these '
turnlng p01nts. therefore, the heating process may
be executed at this time. |
10 o After the start of the prlntlng, when the
prlntlng of for example, one 11ne is carried out
and the carrlage motor M2 stops (step SZO),.a |
\r% check is then made to see if the Zewes temperature
of the head unit HU is more.than theLconstant
15 temperature or not (step S21). If Y38; step S22
follows. If NO, the driver l4_is.driven to perform
the.external heating (step 5255 and then step 823
— foliows.l That-is, a check is made to see if the
uppes-temperature of the head unit HU is more than
20 thggzghstant temperature or not (step §23). 1If YES,
the external heating is 1mmed1ately stopped (step
SZS) If NO, the apparatus stands by for a pre-
determlned tlme (e g., 200 msec) (step 524) and
_thereafter the external heatlng is stopped (step
o5 S25). - | |
- Next, as shown in Flg. 17B, the paper

feed motor Ml is drlven to feed the paper (step S30)



printing of, for exanple, one line is carried out and the carriage notor

[err] stops (step S20), a check is then made to see if the tenperature of *
the head unit HU is nore than the constant 15 tenperature or not (step

S21). If YES, step S22 follows. |If NO the driver 14 is driven to perform -
the external heating (step S22) and then step S23 follows. That is, a

check is made to see if the tenperaggfe of the head unit HU is nore than 20

t he upper constant tenperature or Ystep S23). If YES, the external
heating is imedi ately stopped (step S25). [If NO the apparatus stands by
for a pre- determned tinme (e.g., 200 nsec) (step S24) and thereafter the

ext er nal 1hegidgrccedsuyerh ($t&Eps 2§3§2§Ad M%tum:(é?o% tRokLO- 17B, the -

paper feed notor [err] is driven.to feed the paper (step S30)- and

processes i ArsicaRpsST RNEhBB231 fi-é ExdOut &@58nd "t RERPStSBlsapd S22 are
executed and then step S40 follows. Nanely, the-internal tinmer is turned

“on by the MBdllandg.a MNmekly s théleintesesl i ¢imde DsitbrBeadaha has been
| atched in the PPI. 1 within a pre- determ-ned tinme (for exanple, within
five seconddy dhendPUltaapts Hitherkl el inade |fo Y& Sfeph&SlprintFig. 17A
follows. [If NO the driver-14-is turned off to stop the external heating
(step 542) datﬁehas been latched in the PPI l Within a pre-
determined time (for example, w1th1n five seconds)
or not (steps 540 and S41). 1If YES,.step 516 in .
Fig. i7§'foilowsi If NO, the driver 14 is turned. . -/
off to'stop_the external heating.(step.s42). The
10 carriage motor.M2 is dri&en to return.the carriage'
C to the home p051tion H (step S43) Then, the.cap
motor M3 is driven to close the cap (step S44) _ )
and the process1ng routine is returned to step
S10 in Fig. 17Aa. |
15 In this manner, according.to this embodi—
ment, after the preheating process has been executed
the preliminary emitting process to emit.the liquid QJ
droplets:which ere.not used for:the recording is
carried out.: Thus, the recording interruption.or._-
20 stop interval becomes very long and even in the case
where the v1sc051ty of the recording liquid
remarkably increases due to the evaporation of the
solvent component as_well, the emitting operation |
upon printing can be optimized. That.is, the_.
25 portion of a high viscosity offthe recording liquid
is first.heated due to the preheating process and

its temperature'increases, so that the viscosity of



10 carriage notor [err] is driven to return the carriage Cto the hone
posi‘tion™H (step S43). Then, the cap notor [err] is driven to close the
cap (step S44) and the processing routine is returned to step S10 in Fig.
17A. 15 In this manner, according to this enbodi- nment, after the
preheati ng process has been executed, the prelimnary emtting process to
emt the liquid droplets which are no sed for the recording is carried
out. Thus, the recording interruption or 20 stop interval becones very
long and even in the case where the viscosity of the recording liquid
remar kably increases due to the evaporation of the solvent conponent as

vel |, the dni tthenFeGRREN D iPdia pks Eederedhnt v ofivg A%ch thak is, the
25, portion of_.a hi.gh vjscosity of the recording liquid is first heated
due\'tho the pr aB’il%juéi fgré’s%l%trﬁi 3R RepRithet e B ABRRRIUe S khat the
viscosity of recording Jiguid is reduced to a value.such that the
l'i quid dropl etpse_r(]:fé’ﬁhggige%i{et é’(fe%w 5 I IRE BRI A (e Sorel i mi nary
emtting proc i.n .S f?fﬁ' ordingJddiguid.n this portionis 5
drained to th%%(sg‘t}tesfi B:Eiemfe{ e ﬁ&c#]ﬁd{ﬁla&rlgieﬁ]qil{jftﬂs%eﬁh%ﬁ lehe recordi ng
i qui d a viscoriaihedl cthictd Idsilid U8 dhd AR RIR S ST 5d S
supplied to the portion near the emtting heater an )

that the recording liquid a viscosity of which

lies within a range suitable to emit is supplied
to the portion near the emitting heater ET and |
thereafter the good emitting state of the recording
10 liquid is-derived.- To confirm stability of this
emitting state, the applicant of this application
has performed the following experiments.
[Experiment using the embodiment ]
The ink-jet printer according té this
15 embodiment having the recording head unit as shown
in Fig. 15B was used, in which twenty-four orifices
(a diameter of each orifice is 50 x 40 pm) are
vertically arranged in a line at regular intervals
of 0.141 mm in the recording head unit. This
20 recording apparatus was filled with the recording
liquid containing the following compositions; At
the'restart of the recording after an expiration of
the recording interruption period of twelve hours
under circqmstances at 25°C and 30 %RH, the signal
25 of a voltage 23.5 V, a pulse width 5 psec, and a
_ffequency 10 kHz was applied to the emitting heater

ET when the preheating was performed. Next, the



t hereafter the good emtting state of the recording 10 liquid is derived.
To'confirmstability of this emtting state, the applicant of this
application has performed the foll ow ng experinments. [Experinent using the
enbodi ment] The ink-jet printer according to this 15 enbodi nent having the
récordi ng head unit as shown in Fig. _,15B was used, in which twenty-four
orifices (a dianeter of each orificé%ﬂe'SO X 40 [err]) are vertically
arranged in a line at regular intervals of 0.141 mmin the recordi ng head
unit. This 20 recording apparatus was-filled with the recording-liquid
cont ai nin At the restart_of the recording

the fall owi ng conpositjons. S _
after an xﬁﬁﬂﬂﬁ%n?eﬂat ki %r%#naEYEférPHbFFoﬂlﬁéPibﬁ Bfe€wel ve hours
d [ t t 30.9%RH “th | 25 . of . | t 23. 5 J
Ve pul o P ey 2 Wy adcnbpLiSarkd Bhe “Spifrader o (na. o
1 tti h =1 | . Next. th 1 si |
of & voltaghepser BBy fIf MSGFE' 48R Rind2eaCblFRes  ChhOTAST, ) ae O
applied to Eﬂiﬁ?ﬂ%ﬁ'- hﬁﬂ%ﬁ&%ﬁ; l@PsaﬂﬂfgﬁsQ%ean NJL&s Pyk-ses, thereby
I qui ropl et e or

emtting the re not used recording. The

recor di NG, apiaRicdihd.c9al -%éd_?h?dﬁﬁé%{a%é(fa@ﬁ%Sﬁéé’é‘r&‘iﬁ.értﬁée recording
I nterruption was eval uated by neasuring the nunber”of |1quid
defective emission after the recording interruption
was evaluated by measuring the.number'of'liquid
droplets which were not emitted in response to the - kd
recording signal until. the liquid droplets of the
10 recording liquid for use in the recording have

been emitted from all of twenty-four orifices.

The result is shown in Table 1.

The compositions of the recording liquid -
used for.recordipg are as follows.
15 C.I. direct black 19 ..... 2 weight part
" Diethylene glycol™ ..... 30 weight part
Water . o deeas 70 weight: part :
o/

[Expefiment using the comparison examplel].
The recording apparatus having a constitu-
20 tion similar to the embodiment and in which only
an elecfrical'signal to emit recording liquid
dropiets_for.use.in recording is applied to the
emitting heater upon recording was used. This
recording apparatus was filled with the abové- .
25 mentioned'recording liquid. At the reétart*of the
'recording.after-an expiration of the recording

interruption period of twelve hours under



dropl ets, which were not emtted in response to the recording signal until
the liquid droplets of the 10 recording liquid for use in the recording
have been emtted fromall of twenty-four orifices. The result is shown in
"Tabl e 1. The conpositions of the recording liquid used for recording are as
follows. 15 C.l. direct black & .... 2 wei ght part Diethyl ene

gl ycol e 30 wei ght part water ~—7/ ... 70 wei ght part

[ Experi nent using the conparison exanple] The recordi ng apparatus having a
constitu- 20 tion simlar .to the enbodi nent and in which only an el ectrical
signal to gmt .t ' Liqui.d,dropl_ets for, e in.recording is applied to
the emtti ﬁg hg%?gg&glﬁgﬁcregc%#diz(r%g%owaagldlsjs:;gd.%#ﬁi Son;}. coﬁ’& ng apparat us was
filled with th ~add lh0 r ecqndi A GUKA. e restart of
thb‘?ecording g%?§?¥§ﬁa§x8?§g%ﬁb%%gf'?%gt% coggrﬁgwﬁnfbﬁ$ﬁ%gkon period of
Luel ve hour s ‘Uadan 10Tus6klCURA! 1258 Hlerky 1) 1 cB0cifE onl y (e
electrical signal of a voltage 23.5 V, "a pul'se wdth 18 err], and a
frequency 2 kHiigQ@i@nbtopledsdwlsORpPLIeWAEARBE Rehil® ihldeheRkELE NG heater
5 and the recording was performed. The recording apparatus after the
recordi ng Bnt eandpthenrecbbding was performed. The recording

apparatus after the recording interruption with
regard to the defective emission was evaluated in

a manner similar to the experiment using the

embodiment. The result is shown in Table 1.
10
- Table 1
~ _ The number of liquid droplets Recording
which are not emitted until -~ | interrup-
the liquid droplets are emitted | tion
15 from all of 24 orifices | period -
- time
Y Embodi-
ment’ ' 0 ' 12
20 Compa- |The liquid droplets were not
rison emitted from two of 24 12
example|orifices. o

It will be understood from Table 1 that
25 even at the restart of the recording after the
elapse of such a particularly long recording .

interruption or stop period, the good and stable



regard to the defective em ssion was évaJuated in a manner simlar to the
experi rent using the enbodinent. The result is shown in Table 1. 10 Table 1
The nunber of liquid droplets Recordi ng which are not emtted until

L}

interrup- the liquid droplets are emtted tion 15 fromall of 24 *
ovifices ' period tine Enbodi-, nent _ 0 :

12 20 Conpa- The liquid droplets w@ﬂé not rison emtted fromtw of 24

12 exanple orifices. It will be understood from Table 1 that 25 even at

the restart of the recording after the el apse of such a particularly |ong

recording interruption or staop _period, the good and staple - emtting
state of 1iqgBMit8rng &tateapihd iguid AR o‘?a'Ngi’& ,aajgwsdnat ion will be. -

made with respect tq the setting of the paraneters of the pulse width, 5 j
f requency, v8g§8é8?86tc, of the print output in the preheating process anh‘j

prelimnary enittingN@&%qeiiplanation will be made with respéct

to the setting of the parameters of the pulse width,

5 frequency, voltage, etc. of the print output in .
the preheating process and preliminary emitting
process.

| The-degfee of deviation of the visCosity" | &_)

of the recording liquid existing in the 1iquid'

10 channel ICH, particularly; near the orifices OR_
from the proper range due to the recording inter- -

ruption or stop period individually differs: in

dependence on the charaCteristic-of the apparatus
-whiéh is ﬁéed, the phyéicél.pr;perty of the record-
15 ing liéuid, the en?ifonmenfél conditions su¢h as
temperature,'humiditj, and the like of the
‘location whére the apparatus is installed and
o/

used, and the like. Thus, the parameters of tﬁe
print output in the preheating proéess, particularly,
20 in the internal heating process are suitabl§
selected injaccordaﬁce.wifh the individual
appératuses and their use conditions,
- On one hand, the signal which is supplied
to the emitting heater ET in the preliminary
25 emitting process is applied under the conditions
such that the recording liquid whose viscosity'is E

out of a range suitable to emit the liquid- ' B



The degree of deviation of the viscosity of the recording liquid existing
i'n the li-quid 10 channel ICH particularly, near the orifices OR fromthe
proper range due to the recording inter- ruption or stop period
Individually differs in dependence on the characteristic of the apparatus
whi‘ch is used, the physical property of the record- 15 ing liquid, the

envi ronnental conditions such as tenpe ure, humdity, and the |like of the
| ocation where the apparatus is installed and used, and the |ike. Thus, the
paraneters of the print output in the preheating process, particularly, 20
in the internal heating process are suitably selected in accordance with

t he indivi dual ao@ppne s utpénapdcobi@ihgueanCeedeni®Red BHaorembeed, the
signgl which is supplied to the emtting -heater ET in the prelimnary 25
em Tting process theapptstdeudndethehaiguid thanaeludHthat the recording

| i quid whose viscosity is out of a range suitable to emt the liquid

dropl ets upon recordi nBuctheppe €het hembardofeamisdibn thmesutini de of the

|l iquid channel 1CH Further, the nunber of emission tinmes in the
prelimnary enthe|prepivitpasycanibbingr pedceass5cancber #andedwiinh t he
eneronnen%aI conditions at that time, thereby_ enabling the Erocess to be

accordance with the environmental conditions a
that time, thereby enabling the process to be
efficiently executed.
\4; _ Fig. 20 shows an electrical signal which
is applied to the emitting heater ET. In this
10 diagrém, Vo_denotes a voltage and W, is a pulsé

width. When the signal is supplied to the emitting

heater ET in the preheating process, if bubbles are

W/
produced due to the-heating; there might have
occurred the case where the subsequent emission of
15 liquid droplets becomes unstable or no droplet is
emitted in the worst case. Therefore, the
U electrical signal which is applied to the emitting

heater ET upon preheating must lie within a range
such as not to produce any bubble on the emitting
920 heater ET.

On the other hand, since those preheating
processes are set whén the power supply of the
printer is turned on ‘and when the_printing is
started, the preheating is fairly frequently

25 executed. 'Therefore, the deterioration ih
durability of the émitting heater ET due to those

preheating procésses must'be avoided. The inventors



efficiently executed. Fig. 20 shows an electrical signal which is applied
tqg the-emtting heater ET. In this 10 diagram [err] denotes a vol tage and
[err] is a pulse width. When the signal is supplied to the emtting heater .
ET in the preheating process, if bubbles are produced due to the heating,
there m.ght have occurred the case mﬂﬁkg t he subsequent em ssion of 15

| i quid dropl ets becones unstable or ~droplet is emtted in the worst

case. Therefore, the electrical signal which is applied to the emtting
heat er ET upon preheating nust lie within a range such as not to produce
any bubble on the emtting 20 heater ET. On the other hand, since those
preheating plo¥casties 5Fl 5edt ¥GRNhaGE aew-ie&ueﬂéydefrat:Mi’e?i'B'Eer is turned "
on and when the printing is started, the preheating is fairly frequently\Q%.
executed. Theveefenrisst idte Kiedesr OERt wiien i &ndelabtt it ypokethewemi tting

heater ET due to those preheating processes nust be avoi ded. The inventors

1 of this apphicdt iien dpplied ude ethe hemiltr fibg | héegteof ENewasi tting heater ET
when an. el ectric power (W which is applied to the emtting heater ET was
kept const antkemtd constantsand dele [puige anidtippy | eand apbligd [err] in the

preheatiQ? processes using the .
: voltage Vo in the preheating processes using the

Ly

emitting heater ET were changed. Thus, it was
confirmed that the durability of the heater ET
is improved as the pulse width wi'and applied

voltage Vg are small.

10 On the other hand,.theftime'required to
‘heat the head unit HU to a desired temperature is
determined by the electric power (W) which is - ' gy
applied to the emitfing heater ET. However, as
the actual performance of the reéording apparatus,

15 it is desirable that the time needed until the
p;inting is started, namely, the waiting time is
as short as possible.. C o : ' W/

In spite of such a'purpose; it is undesira-
ble to thoughtlessly increase the“vcitage which is

20 applied.to the emitting heater ET in terms of the
durability of the heater as mentioned abové.

Fur£her; since the production of a bubble on the
emitting heater 'ET upon preheating causes the
subsequent defective printihg state or non-
25 emission, it is difficult to increase the pulse =~ ~ .

width as well.

*y

‘Therefore, to raise the temperature of the



emtting heater ET were changed. Thus, it was confirmed that the durability -
of the heater ET is inproved as the pulse width [err] and applied voltage
[err] are small. 10 On the other hand, the tine required to heat
the head unit HUto a desired tenperature is determined by the electric
power (W which is applied to the emtting heater ET. However, as the
actual performance of the recording appgiatus, 15 it is desirable that the
time needed until the printing-is started, nanely, the waiting tine is as
short as possible. In spite of such a purpose, it is undesira- ble to
t hought | essly increase the voltage which is 20 applied to the enmtting
heater ET in theefts vefitt He durdds ired toimpdmatwes eformsa netmer oretmeabove.
FuQ%per, since the production of a bubble-on the emitting heater ET upon
pr efieat i ng ca@dswikbinupsrgneat sgchedbiake thei priehgastiage pyocasses2s
emssion, it is difficult to increase the pulse width as well. Therefore,
to rai se the fenpotatimfdusmaendhe dunahklifiy tof dthe @mittddd enperature for
a short tinme and within a range such that the preheating processes do not
i nfl uence t hePRA*EE BTt fR6f AcheWRRYa iif predUGeEPRfheandiaritfie is
produced OQ tgg gga%%%ective to increase the frequency'ef the
electrical_siénal which is supplied'to the ehittiﬁg
heater ET. o | -
R Fig. 21 shows an example of the relation
between the time (minute) and_the head temperature
10 (°C), in which the frequency of the preheating
signal which is applied to the emitting heater ET

is used as a parameter. In this example, the

~ applied voltage Vo ﬁas set to 24 V, the pulse widtﬁ
w, was set to 5 psec, and the frequency was set to
15 10 kHz, 5kHz, and 2kHz. The head temperature was
detected by the,tempe:atu:e sensor TS.
U " The applicant of'this eéplication_hase

performed the following two experiments by changing
the_Voltege, pulse width, and frequency from the
o9 Viewpoints mentioned above.
(Example 1)
| The ink-jet printer according.fe the
embod;ment having the nozzle unit NZ as shown in-
Fig. 15B in which twenty-four orifices (a diameter
28 of each orifice is 50 x 40 um) are vertically
arranged in a line at regular intervals of 0.141 mm

was used. The recording,apparatus was filled with



5 it is éffective to increase the frequency of the electrical

Is supplied to the emtting heater

rel ation between the tinme (mnute) and the head tenperature 10

whi ch the frequency of the preheating signal

emtting

heater ET is used as a para s In th

voltage [err] was set to 24V,

the frequency was set to 15 10 kHz, 5kHz,

the pulse wwdth [err] was set to 5 psec,
and 2kHz. The head tenperature

I s exanple, the

si gnal which

ET. "Fig. 21 shows an exanple of the

[err], in

which is applied to the

appl i ed

was detected by the tenperature sensor TS. The applicant of this
appl i catijon f1as ReEdaiwg 1hguisel hawing tvRpeXRelibRBNEImiN agh@agi Ng the

vol t age,

pul se w dth,

and frequency fromthe 20 vi ewpoi nts nenti oned above.

(Exanple 1) ﬂHEEaUﬂ&¢£H mherérmcazmoaM|sgghalthaseshpduHEHttbaV|ng t he
nozzle unit NZ as shown in Fig. 15B in which twenty-four orifices (a

25 thd egmictting fhextes BED wnder[ the] romdétiensi@esl |y arranged in a
egul ar intervals of 0.141 mmwas used. The recordi ng apparatus was
filled with showheln dBalie ng andutbehnyehgatdngoynsi pasformetar to the

di anet er
line at r

above. The el ectrical

t he condb

10

15

20

25

signal was supplied to the en1tt|ng heat er. ET under
ti ons as. Presence and absence of productlon of

bubbles were_chepked by obse:v1ng on the heater

using an optical microscope. The re

in Table 2.

sult is shown

(These conditions are determined by,set?iqg_

the electric power consumption constant.)

and

g-)

Table 2 v
Applying conditions
' when recording
Voltage | Frequency | Pulse
: : o width :
24 V 2 kHz 10 us
Applying conditions when preheating
Vol- F;eQuen— Pulse 'Applying. Production of
tage Tcy { width’ time ‘bubbles on _
the heater W/
26V | 3.7 kHz |5.0us 15s Bubbles were
_ . produced
24V | 2.7 kHz |7.5us | 15s Bubbles were
produced
24v | 10 kHz |2.0ps 15s No bubble
15V | 5.0 kHz | 10us | 15s No bubble
10V {11.6 kHz | 10us 15s No bubble

]



Shown in Table 2 and the preheating was perfornmed. 5 Presence and
absénce of production of bubbles were ‘checked by observing on the heater '
using an optical mcroscope. The result is shown in Table 2. Table 2 10

Appl yi ng condi ti ons when recording Vol tage Frequency Pul se width 24 V

2 RHz 10 [err] 15 Applying condlkb ns when preheating Vol - Frequen-
Pul se Applying Production of tage gf wi dt.h tinme bubbl es
on the heater 26V 3.7 kHz 5.0[err] 15s Bubbl es were produced 20
24V 2.7 kkt 7.5[err] 15s Bubbl es were produced 24V 10 kHz
2.0[err] No bubble 15V 5.0 kHz 10[ err] 15s No
bubbl e 10V} 1iE§aWHie 290[err] -  15s No bubble 25~ (These

conditions are detern1ned by setting the-electric power consunption
consfant.) he ink-jet prlnter similar to (Example "1l) -

was used and the recording apparatus was filled
with the recording liquid containing the foregoing
5 compositions.. The signal was applied to the
emitting heater ET under the conditions as shown
in Table 3. The preheating processes were repeated
U to examine the durability of the heater ET. The |

result is shown in Table 3.

10
Table 3
Y Preheating
Voltage | Frequency|Pulse|Applying|Number Number
' width time of re- of dis-
15 . petition|connec-
' S ' times tion
, of the
- heater
AN 24V 10 kHz | 2.0us|15 sec 10 Nil
15V 5.0 kHz | 1lQus{ditto  jditto Nil
20 | 10ov [11.6 kHz | 1lgus|ditto  |ditto | Nil

It will be understood from Table 3 that the
pulse width of the electrical signal which is
supplied to the emitting heater ET in the pre-

25 heating processes is preferably set to be smaller
than that of the electrical signal upon recording.

As the result of further detailed experiments by



1 (Exanple 2) The ink-jet printer simlar to (Exanple 1) was used and the
récording apparatus was filled with the recording |iquid containing the
foregoing 5 conpositions. The signal was applied to the emtting heater
ET under the conditions as shown in Table 3. The preheating processes were

repeated to exam ne the durability of the heater
Table 3. 10 Table 3 Preheating Volt:

Nunber wi dth time of re- of dis- 15 .
petition connec- tines tion of the heater 24V 10 kHz
sec [err] Ni | 15V 5.0 kHz | ops ditto ditto.

20 10v the ipwesept appliéeaptdi itohas Beepofound thatnit s wil | be
understood from Table 3 that the

ET. The result
Frequency Pul se Appl yi ng Nunber

pul se wi dt h of the el ectrical

is shown in

2.0[err] 15

si gnal

Ni |
whirsgly

i s suppli ed3eHLESR &P 2t nfhhcRLEPeEridRht Re Pee2 ¥3dRBating processes is
preferably set. o be snaIIeE %han i?gé of the electrigal signal upon
f ' t

recordi ng. ‘REERHR 3 LEP9e oF

10

15

20

25

rtfe

recording. '

In addition, it will be appreciated that it

is preferable to set the applied voltage of the

af | EReeRPEFPN¥ALS D POD

electrical signal which is ‘supplied to the emitting

heater ET in the preheating processes to be equal
or lower than the applied voltage upon recording.

Moreover, by setting the freqhency of the

electricallsignal in the preheating processes to
be higher than that upon rgcording, the time
required for heatihg-can:be reduéed.

Those parameters and the number of puiséé
can be very:easily_set by using the.controlle: 10

as mentioned above.

e

The emission condition in the prelimiﬁary_

emitting processes will then be explained.

In the case where the recording has been

interrupted or stopped for a long time, the viScos;—

ty of the ink remaining in and near the'orifices

OR increases due to the evaporation of the water and

valatile organic solvent and the like, so that the.

ink is less likely to be emitted. Although the

viscosity of the residual ink can be reduced due .

-to the above-mentioned. preheating processes, its

viscosity is higher than the ink fitted for

%

. "



the ,present applicant, it has been found that it is desired to set the
pul se width to be a width within a range of 1 to 1/20 of the pulse width"
upon recording. 5 I addition, it will be appreciated that it is
preferable to set the applied voltage of the electrical signal which is
supplied to the emtting heater *ET in the preheating processes to be equal
or |lower than the applied voltage upod{ﬁécording. 10 -Mor eover, by
setting the frequency of the electrical signal in the preheating processes
to be higher than that upon recording, the time required for heating can be

reduced. T?Os?e%r%’l%&ggh%@'%%é %gz%egz?%r'ﬁe&soula%%sr%ﬁe Gl Qe very easily

set by using the cont er dbove. e "em ssion condition

in(the prelimenary igflild iBGpARELHE M Tdnd 624 AH1NGGy | N the case
whe\r'pe t he recordi nd' e{'s 'beerLIﬂZO i nt erer uéned%lfﬁg%?ﬁlo?%a{( | ong tine,
the viscosi- ti% GhpirpeiniforeFRidoradny) aMther@ForleNe i@ ihiees OR increases

due to the evaporation of the water and val atile organic solvent and the
like, so that embediménits kées prieddimdnaeyoemiEistiond.is Nariaegh the 25
viscosity of the residual ink can be reduced due to the above-nentioned
pr eheat i ngs pr oa¢s sabseiquenti £oothey prehelaghieig.t han the ink fitted for
Upon preliminary emitting processes, the
ink is not alwéys emitted ih-responsé fo the first
pulse of the signal which is appiied'fo the emitting
heater ET at'that.time. Therefore, by increasihg
10 the energy of the signal upon preliminary emission
than the'énergy of the signal upon pfintiné and by
varying the'emitting time in accordance with the |
envirOnméntal'condifions,'the'time required for:
‘the preliminary emissioﬁ can be fedﬁced'and.a high
15 efficient emission cah be realized.
The increase inlthelenéfgy of the.signal
upon preliminary emission may be accomplished by
practically increasing the voltage and/or pulse
width than those upon récofding. _Namely; assuming.
o0 that the voltage and pulse width of the siénal which
is applied to the emitting heater ET upon printing
are.respectively 24 V and 10 Msec, the voltade and/
or pulse width of the éignai upon preliminary
emission may bé'Set to be iérger than those vaiues.
95 According to the'éxpefiments'by the present
- appliéaht, the gdod result was obtained when the

5 _ voltage was set to be one to five times, preferably,



1 ‘recording and the sizes, speeds, and the like of the liquid droplets

differ and this residual ink is inmproper for recording. Therefore, inthis *
enbodi ment, the prelimnary em ssion is carried 5 out subsequent to the .
preheating. Upon prelimnary emtting processes, the.ink . is not always :

emtted in response to the first mﬂ&ﬁyof the signal which is applied to

the emtting heater ET at that tine. Therefore, by increasing 10 the

energy of the signal upon preliminary em ssion than the energy of the

signal upon printing and by varying the emtting tinme in accordance with

t he envirbnnBReafeo HPtF&W§s FHEQFFnéhP@qGPPédUmﬂnIﬂﬁéqﬁWHQIﬁW%uy eni ssi on

b d d 5 eff t be realized. The
FﬁQreSSQGiﬁcfﬂaaﬁna§gyw8$tﬁhg%§.aﬁ Bvi6n S EomtRA P oS o may be

acconpl i shed ractica |ncreaS|ng the vol t age and/ gor pul se width than
those upon ré& ? ?grnBFeﬁﬁu %&Y'a888n1 FHHPSL36 @6t FP8™and pul se width
of the S|gnaL2%@Qﬁ§°%s ggﬁkkgp'to the en1tt|ng eater ET upon printing are

n - _

respectively err the voltage and/ -or pulse width of the

257 According to the SeberTRERCE by TS SattipBleedtie B8 dood result
was obt ai nedggberabie VQ'EQQGtHQSnﬁﬁEeroo?eeﬂagsEanEﬁﬁeghnes preferably,
nemely, the_number_of pnlses_in eccordence with the
¢ environmental eonditione. Aceording to the .
experimente by the present applicant, in the pre-
10 1iminarj emission (steps SJ subseqnent to step Sé
in Fig. 17A) before the start of the printing
after the_turn;on of the power supply, when_lOO
to 150 pulses were epplied_to_the:emitting heaterf_ ' K—J
ET, a Qood printing quality could be derived after_
15 that. After the start of the printing, the
v1sc031ty of the 1nk is high at low temperatures
and the emisSioniis more difficult to become
stable as compered with the case at high tempera- o/
tures; therefore, it is preferable to properly
20 set the_number“ef ink emission times. According
to the experiments by the present applicant in
the preliminary emission when the lower
temperacureiisvmore than theAconstant temperature
(e.gt, 20°C).gwhen YES in step S1ll in Fig.gi?A),uit_
25 has been confirﬁed that the stable emission was
obtained when 20 to 50 pulses were appiied_to the .

emitting heater ET. On the contrary, in the

M



one to two times larger than that upon prjnting and the pul se width was

I*i kewi se set to be one to five tines, preferably, one to two tines l-arger

than that upon printing. 5 - Wth respect to the emtting t

Is desitable to set the nunber of emission times, nanmely, the nunber of

pukses in accordance with the.environnﬁggal conditions. According
[

experinents by the present applicant,

the pre- 10 limnary em

ime, it

to the
ssi on

(steps SJ subsequent to step S6 in Fig. 17A) before the start of the.

printing after the turn-on of the power supply, when 100 to 150 pul ses were
appl i ed to ¥ heprelimingricamésskEdn whgnodhpr tewesgtamperayuceulid be derived
.after 15 that. After the §dsgt of the printing, the viscosity of
i sy hi;gh at Iowl@%ﬁpethﬁnreseégdnshenentempenaturantwhdhfNDcﬂht to becone
stabl e as conpared with the case at high tenpera- tures; therefore, it is
preferable to pEePePll)20thecstabdenembesion wak derivednwheneso

to the experinents by the present applicant,

t he i nk

Accordi ng

in the prelimnary em ssion

when the tenpettiP@ PUlses cweranaPRiieduke thashaaterchBerature (e.g.,
[err]) (when YES in stgg S11_ in, Fig. 179% it 25 has been confirmed that

the’stabl e %ni ssion wa
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liminary emitting processes can be also easily set
by using the controller 10 upon processing. . The
processes can be properly executed at a high speed
without increasing the burden of the MPU 2.

. On the other hand, if the region where the
printer according to this embodiment is used is
limited and is preliminarily and clearly known,
the number of emission times can be also changed
for every region. For example, in the region at
a high temperature and at a low humidity, the
tempgrature is always high and the ink is remarkably
dried. Therefore, an amount of preliminary emission
on the upper temperature side is increased than
that on the lower temperature side to stabilize the
emission of the ink. -Also, by changing the above-
mentioned numeric values of the number of emission
timés, the stable ink emission can be derived.

- Although the ink-jet printer of the type
in which the head unit is mounted on the carriage
has been described in this embodiment, the preéent
invention is not limited to this but may be

apparently applied to the ink-jet printer of what

19nsoin  these \RBFR-applied to the



em-tting heater ET. On the contrary, in the 1- prelimnary em ssion

when t he tenperature is |ower than the |ower constant tenperature (when

NO in step Sl11), the stable em ssion was derived when 50 to 100 pul ses were
applied to the heater ET. 5 The em ssion conditions in those pre- -
limnary emtting processes can be agég easilyrset by using the controller

.10 upon processing. The processes c be properly executed at a high speed

Wi t hout increasing the burden of the MPU 2. 10 On the ot her hand,

if the region where the printer according to this enbodinent is used is
linmted and is pagledi BaFuhy-aRd tql @3/Pey iNMMLCH he gluEhar «f i ssion

times can be al so changed for every region. For exanple, 1n“the region at

15 a high thepérahiite apé akraniged@ Rwrittie! irhe it alided i's al ways

high and the ink is remarkably dried. Therefore, an anount of prelimnary

em ssi on on ¢fieth@peecoedpegapapersi de i's i ncreased than that on the | ower
tenperature side to stabilize the 20 em ssion of the ink. A so, by changing
the above- nentionedInuaddiitival, utbeokrespectivkepachmetiessi on ti mes, the
stabl e ink em ssion can be derived. Al though the ink-jet printer of the

type in &hi cH* tHee hereheat ingsprogasegsoandhshearespgetivehas been

described in this enbodi nent, the present

parameters and the number of emission times in
the preliminary emitting processes have Seen'set
in accordance with the temperature condition as K_)
mentioned in the embodiment. However, the
10 invention is not limited to this method but can be
also applied to the method whereby, for example, ..

those parameters and the number of emission times

are set in accordance with the environmental e
conditions sﬁch'as humidity, pressure, or the like.
15 Moreovef, although the electrothermal
energy converging device was used as the emission
energy generating means in this embodiment, for
e

example, a piezoelectric element may be used.
| As described above, -aceording to-the

20 —§re9éa%—ia¥eatiaa7 before the start of the printing
aftér the turn-on of the power supply, the proper-
emiésion condition is set to the head-unit
controller and the preliminary emitting processes
are performed. Therefore, there is .an effect

25 such that it is possible to realize a liquid-

discharge recording apparatus in which the

'S

software can be simplified and the printing state -



inventior is not limted to this but nmay.be apparently applied to the
i-nk-jet printer of what lis called a full-multi type in which a
plurality of head units are arranged in the direction of width of the
recording paper. In addition, the respective paraneters 5 in the preheating
prdcesses and the respective paraneter nd the nunber of emssion tinmes in
the prelimnary emtting processes havi&geen set in accordance with the
tenperature condition as nmentioned in the enbodi nent. However, the 10
invention is not limted to this nmethod but can be also applied to the

met hod whegeb f ar r Sn 3 t he nunber of em ssion
tines are get%?ﬁ ggcgégﬁﬁ%gaﬂkﬁQF?ﬁgﬁg%§§§ggﬁg%%h' condi tions such as
hug’ﬂity, pressure, onpl BAdithien,lthe i MY QAR had! apough the

el ectrot hermal energy converting device s used as the em ssion energy
generating meafgect bhich eHaedichRN lemifsdidiX ¥ENE L idicREOBeeCt i c el enent
may be used. As described above, 20 before the start of the printing
after the tureaeilyl changedwer supply, the proper em ssion condition is set
to the head-unit controller. and the prelimnary emtting processes are
performed.5 Therefore, there is an effect .
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25 such that it is possible to realize a liquid- discharge recording
apparatus in which the software can be sinplified and the printing state

| can be pronptly and easily opt|n1zed In addltlpn t he apparatus al so has
an effect such that the em ssion condition ca 5 10 15
30 25 . CLAI M5 1. A liquid discharge recordin ratus,
conprising: 5 a liquid discharge recor “"l,ﬂl ﬁ iﬁ a fi rst
heat er whi ch produces thermal energy<=on resp f an

el ectrical signal, said thernal ener acting on the I|qU|d to forma
flying liquid droplet to be applied onto a recording material; 10. - a
~second heater for heating the |iqui dELAEMS contr ol means operable in a
norgal recordi ng node to produce an electrical signal to be supplied to\_)
sai ' '

1. A 1liquid discharge recording apparatus,
comprising:
5 a liquid discharge recording unit having a first

heater which produces thermal energy in response to
supply of an electrical signal, said thermal energy
| acting on the liquid tq form a flying 1liquid droplet -&J
to be applied onto a recording material; -
10 a second heater for heating the liquid; and
control means operable in a normal redording moﬁe to o

produce an electrical signal to be supplied. to said

first heater in response to ‘a recording signal to A
cause droplet discharge and operable prior to a normal
15 recording mode in a pre-heating mode to cause the
second heater to heat the liquid and also to cause the

first heater to heat the liquid to an extent which .

- !

does not cause droplet discharge.

20 2. An apparatus according to claim 1, wherein said
pre-heating mode is conducted during an interval from
‘powering-on of the  apparatus until initial

recording.



“first heater in response to a recording signal to cause droplet discharge
and operable prior to a nornmal 15 recording node in a pre-heating
node to cause the second heater to heat the |liquid and also to cause the
‘first heater to heat the liquid to an extent which does not cause dropl et

di scharge. 20 2. An apparatus according erein said
pre-heating node is conducted during an |nte {mlmlml)nllw g-on  of

t he appar at us until  initial recording* ¢ " A apparatus
according to claim1 or 2, wherein sarﬁ(control neans further conducts a
pr e-di scharge node prior - to the 'recording operation and the

pre-heating - npde3, i sAn capgazheds BAetOkdingoto &Daikh 1 orppg- #heedange

node, 4. An apparatus according to claiml or 2, wherein said control
nééﬁ% further condsaiid sonipplnmesnde furthep saodduetsrdangprendlschadgea
pre-di scharge node, 10 wherein when a recording. signal arises

after the pre- heatmngenndprﬁgrconaectshe t necprdingscopeyatiode and the
conducted prior to the recordlng operation, and wherein otherw se the
cappi ng node is coRd§chegting ~mode AﬁsappﬁPﬁgﬁgtﬁecorHFhQrto BRy ofhe
claims 1 o 3, further g nBr|5|§g means for capping the recording unit,
the control °neans B&FA 15ﬁ PEEPe™PE®i nst ruct the stopplng of the

pre- heati ng node when the capping. :

4. An apparatus according to claim 1 or 2, wherein

\~; said control means further conducts a capping mode to
cap said recording unit and a pre-discharge mode,

10 wherein when a recording signal arises after the

- pre-heating mode is‘cOnﬁﬁcted, the pre-discharge mode

is conducted prior to the recording operation, and

wherein otherwise the capping mode is conducted.

15 5. An apparatus according to any of claims 1 to 3,
further comprising means for capping the recording
unit, the control means being operable to instruct the
stopping of the pre-heating mode when the capping

means is driven to cap the recording unit.

20
6. An apparatus according to any preceding claim,
further comprising means, responsive to the
en#ironment or temperature, for changing the pulse
voltage, pulse width, or frequency of a pre-heating
25 drive signal to be applied to said first heater,

wherein said control means conducts the liquid heating



means is driven to cap the fecordingiun]p. 20 6. An apparatus according to

any preceding claim further conprising  nmeans, responsi ve to t he
envi ronnment or tenperature, for changing the pulse voltage, pulse '
wi dth, or frequency of a pre-heating 25 . drive signal to Dbe applied

t,o said first heater, wherein said control qui d
heating - 52 under the conditions det r_;m ned b;”"ﬂm"i vmu'm “&eans
An apparatus as claimed in any precedfg

control means is operable in a further heatlng nnde in which heatlng IS
conducted by the second heater, but not by the first heater. 8.

apparatus as cl aiunsexn n the mandidiiqne | Aefermined { by h@ralcﬂ)rrﬁhaﬂgﬂglga
carriage for noving the recording unit, the control neans being operabL_)
to stop the pre-M&&ANSrg node mhile:the.carriage i s noving. °

7. An apparatus as claimed in any preceding claim,
5 wherein the control means is operable in a further
heating mode in which heating is conducted by the

second heater, but not by the first heater.

8; .- An apparatus as claimed in any preceding claim,

.10 . further cqmpriéing-a carriage for moving the recording
~unit, the control means being operable to stop the .-
_pge—heating mode while the carriage is moving. \,}

.“71'



