T TLE OF THE | NVENTI ON Li qui d- Di scharge Recordi ng App ratus BACKGROUND OF

THE INVENTION 5 Field of the Invention The present £n el Z
Li qui d( di scharge recording apparatus in which a liq m@t ge?
emsssi'on liquid droplets and these droplets are depo te are

mat &ial such as 10 a paper or the likelamd thereby to perforn1the
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 l'iquid-discharge
recordi ng mel ho@ITLEK OFe THE: INVENTFONet hod) is a recordi ng nethod whereby
flight Iiquid droplets of a recording I|qU|d are forned by various nethods
and these droplets are Z4guidrB 3 oedinet 2 b gh as a paper or
the_l;i ke and 20 thereby to perforn1the recordlng Anong recordi ng

appar at uses (printers) to which such a recording nethod is applied, as an

apparat'us havin u sui tabl e for constituting a high- density
mul tiorifice ofgaaxakﬁ 6§ THE INVENFEON, | qui d- di schar ge recordi ng

~apparatus ofg thﬁ égg ogs!ﬁg ihe h4at as an.energy to formemssion |iquid
dropl ets (here| 5435 an ink-jet printer) can be nentioned.

- 2- ) The present invention relates to a iiquid-

‘discharge recording apparatus in which a liquid is
emitted to form emission liquid droplets and these
. droplets are deposited on a recorded material sﬁch as
10 a paper or the like and therebynto perform the
| recording and, more partzcularly, to a 11qu1d-d1scharge
recordlng apparatus in which an emission energy is

'glven to the liquid to form fllght lquld droplets.

Y
Description of the Prior Art
15 F\ liquid-disoharge recording method_(ink-jet
recording method) is a recording method whereby flight
liquid droplets of a recording liquid are formed by
U various methods and these dropiets are deposited oa a

'recorded material such as a’ paper or the like and

20 - thereby to perform the recording. |

Among record;ng 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 recording apparatﬁs of the type using
the heat as an ehergy to form emission liquid droplets
(hereinafter, referred to as an ink-jet printer) can

be mentioned.



Such an ink-jet printer of the type using the heat as the liquid droplet

em ssion energy generally conprises liquid droplet form ng neans and a
recordi ng -head. Nanely, the liquid droplet form ng neans heats 5 the
Qecording | i qui d and causes the defargation of the recording |iquid
acconpanied with a rapid increase in volune and allows the recording Iiquid
to be emtted froman orifice (liquid droplet em ssion hole) of the nozzle
portion, thereby formng liquid droplets of the 10 recording liquid. The
recordi ng head has ecir e | _en nygrting device erei nafter,
referredqto as an eﬁ$?§$n%ﬁhgégéﬁ%Emﬁ§%ﬁ£gén8§eﬁ§?a#¥gﬁ HE&aP9t 5 ffeat the
recording |ippid i s 5O p, n g hgpal . 15

On one hand}ﬂggéaé€e%§§5?n ﬁféqﬂ%gﬁ%ﬁﬁc;-ngﬂggdfﬁgfﬁgcgggéﬁai? e ink-jet
printer, a v@éémprisés 1£geidi ago léﬁ'ﬂofﬁiﬁﬁ' Rb¥nySafa A EQBéhﬁghgt'On of ) -
the recording characteriStic, safety, and the |like. This water-baSe

recording |ingad. | SN@REEY 2 the f Digeid 28rople) £6£miR§ONEANS HBAEE 2l
conponent such as a pignent, dye, or the like and the water or sol vent
conponent nethe yrecosdig Digtidoand cadseat thie S@étbimatiganof shevent in
order to dissolve or disperse the recording nmaterial conponent. 25

In the foregecerdingtbigutd ccompanied a¢itihea| rapid incpesseciihssi on

energy and printers to whi ¢h other ‘liquid droplet'forning net hods are
applied, inVvolume and allows the recording liquid to be emitted

from an orifice (liquid:dropiet emission hole) of the
nézzle portipn, ;he:gbx fcrming ;iqu;g_droplets_of_the 'E)
10 - recording liquid. The reéording head has an | '
electrothe:mél_energy qonverting devicg (he:e;gaffgr, . . .
referred to as an emitting heater) whi@@ can gepefate

a heat to heat the recording liquid in response to the

supply of an electrical signal: | \hd
15 _On'pnevhand, as a reco#dinq;;iqﬁid which is
used to record by the ink~jet printep,,a water-base
recording liquid ;s_ﬁain;y used in_copéide:atipg_pf
(- the reco:ﬁiqg charécte:istiq, safety, énd the liké, .

This water-base teco:ding liquid is generally formed

20 from the recording materiél component such as é |
pigment, dye, or the.like and the water é: solvent
component mg@nly congisting.of wa;ér_and water soluble
organic éqlgentﬂin_ordgf to_dissolve:or_disperse_thg
reéofding mater;al_campqnent. _ | _ |

25 . ~In ghe_fqregqing prin;e:_uéing the heét_as.the
_liqqid droplet emission energy and printers to which

other 1i§uid droplet forming methods are applied, in




'l many cases, the orifice forned at the end of the nozzle fromwhich the
recording liquid is emtted is always open toward the open air in the
pu?side of the apparatus irrespective of that the apparatus is driven or
not-. 5 Therefore, in the case_whgeLe the apparatus is not used for
recording for a long tine, the solvent conmponent such as, for exanple,

wat er, volatile organic solvent, or the lLike is evaporated fromthe orifice
into the open air fromthe recording liquid remaining 10 in the orifice and

h ' h L i 1 .Lh -b | i quid ] d h
Fecor ding | Uil TRReEonEhe S8bbEi cereEEnER 2P oBhe (P Rhr IS o BB onent
cordi ng | qui'tE eReF et  of OEBHBn
Causi ng & vi seobt Ty G HHE ke COMIPEL GBI Ta fnd DEcd 8 Rhidhen VT

i ngrease. SiNCeRde ¥bward! thle CbpéhCai£CHR IERG é%ﬂé‘ige %fg?g%li%é KOS | hat

suitable for em'ssion of the recording |iquid, ere are

i medi atel y af tpfrédifederes bACLHAE €KE!appLEatad £PidLiven 4 dgel that 20
an emtting signal is applied, a defective em ssion of liquid droplets in

whi ch no li@uid dropl etTherefoié pdin Stheé k€age twhefe Uth@ gbpafatdsirs occur s
in an initial printing section or the Iike of a recording i mage. On one
hand, al t hough rndite ruesddvEoh asecordirng efioP5a ldmeg prime orishe rsailwenit t he

em ssion surface where the orifice is forned is capped when the apparatus
i s not used sudPmpenent rguch sas nhter exampleerwakemd Wwakatike organic

solvent, or the like is evaporated from the orifice
into the open air from the recording liquid remaining
10 in the orifice and the portions near the orifice since
the water-base liguid is used as the recording liquid
as mentioned above. Thus, the recording material
componen£ and the unvolatilizable solvent compdnent
remain in the recording liquid, causing a viscosity of
15 < the recording liquid remaining in this portion to
.-increase. Since the viscosity of the recording liquid
exceeds a range suitable for emission of the recording
( liquid, there are problems such that immediately after
the recording was restarted, in spite of the fact tha£
20 an emitting-siénﬁlnis applied, a defective emission of
liquid droplets in which no liquid droplet is emitted
is likely to occur and a failure occurs in an initia1
_printing section or.thé like of a recording image.
. On one hand, althoﬁgh there have been proposed
25 the printers in which the emission.surface-where'the
orifice is formed is capped when the apparatus is not

used such as in the case where the power supply is off



1+ or'the like, even if the em ssion surface is capped, the orifice is not
-perfectly shut out fromthe open air. Therefore , the foregoing problens
Gre caused even in this kind of printers. 5 . On the other hand, in
apanese Patent Unexam ned PublicatigngNa. 187364/1983, there has been
proposed the recordi ng net hod whereby evenwhen the liquid droplet emtting
signal is not applied, an electrical signal of such a level that no
recording 10 liquid droplet is emtted is always applied to the emtting
heater and there to.preheat th cording.liquid_in a,manner such that a
tenperatuﬁe of*t ergﬁg?ﬂiﬁﬁeFihgiéﬁﬁaﬁméﬁaéﬁg SgrﬁﬁFﬁtéﬁnﬁﬁpﬁﬁaa val ue
wthin a predgtern 1ge, . | oQtaLn_a.g 1 em tting state
of liquid drg%}‘gtéqh o?c%ﬁfgn%égagéglg%c%? 'cgis?.g#ng ?ﬁgmr gESrapﬁB liquid at
| ow t enper at - Db Bt dE Pl N JQ3 Wh bgug . .' pplie
however , singéﬁfhe e;ec???%gf g?%ngﬁffé83§§|?gﬁb?gm?h§¥§n?§%?§g ﬁggﬁer soq“)
that the recofgli @iigOcinid O¥E dptEneb¥8YS Mai ntai ned at high tenperatures
even during a relatively long interruption or stop interval of the
recor di ng5oper ati on- agn vehé, other shanapt inogapanasei patértr ecording |iquid
can be nore easily evaporated, so that there is a problemsuch that the 25
defective |i dinexkamiopddtPublisabionsNour182364/k883,t thereuhaatbeér restart
of the recording as nentioned above. 1In addition, according to this
met hod, si ncepropoged the recording method whereby even when the

liquid droplet emitting signal is not applied, an
electrical signal of such a level that no recording .\J
10  liquid droplet is emitted is always applied to the 
- emitting heater and thereby to preheat the recording
ligquid in a manner such that a temperature of the

recoxrding liquid can'always be ﬁaintained at a value

within a predetermined range in order to obtain a good’ .
15 émitting state of liquid droplets for an.increase in
| viscosity of the recording liquid at low temperatures.
Even in the printer to which the above method
is applied, however, since the electrical signal is: ;
W/

- applied to the emitting heater so that_the'recording
20° liquid is always maintained at high temperatures even
during a relatively long interruption or stop interval.
- of the recording operation as well, the solvent
component in the recording liquid can be more easily
- evaporated, so that there is a problem .such that the
25 defective liquid droplet emission”is further likely to
occur at. the restart of the recording as mentioned:

above. - In addition, according to this method, since



1 the peripheral portion of the emtting heater is always heated, the
follow ng problens are caused. Nanely, durability of the peripheral nenbers
of the emtting heater is |lost. Physical properties of the 5 recording
Ii&uid remai ning in the peripheral poLIEanof the emtting heater change
due to the heat thereof while the recording is interrupted, so that the
color of the recording liquid changes or a precipitate is produced in the
recording liquid and the orifice is 10 choked, causing the defective

LS5 1 The R el e o LMD R S
L oerature SRy HhR Mhel Bl 18, AR0 RIMHE At cBUSdes abi 6 Lo
sth; t he recop '.O?anﬁgdgyﬂy%gpg? §§F ?@gﬁ hgﬁghy %EstB? ftHEn- on of

t he7power supply t he purpos afnin e stable printing state. 20

Therefore, it iemid@ivigdteatelrO ig0NSEitl Ut ®hi/8S calk pr@beRitiBkeb sl Bha mManner
such that the prelimnary enmssion is performed before the start of the

printing operarecdrding liguidiremainihgt Aa phecpextiphleyadngoiiitonl d i nk
remaining in the head portion of the nozzle is 25 prelimnarily discharged
and t hereby opoifnithengmilcting heaterothangei due to kheehemt khelreotfo, the
print output is_ carried out through an 1C for 'a port -froma
nicroprocessinyhéﬂﬁ:the recording is 1nterrupted, so that the color
of the recording liquid changes or a precipitafé.is
W, produced in the recording liquid and the orifice is
10 choked, causing the defective liQﬁidhdroplet ehiésion
or the like. .
.' | In addition; just after the power supply of the
printer was turned on, a temperature of éhe ink liquid
regarding the recording dépendsion the envirdnmeﬁtal
'iS .conditions such as a tempefature of atmosphere and the
liké. Therefore, it is undesirable to start the
récording by.emitting the ink imﬁédiately éffer the
( | turﬁ-on of the power éupplj for the purpose of
‘obtaining the stable printing state;

20 | | Therefore, it is cohsidéred to cons?itute the
ink-jet printer in a manner such that the preliminary
emission is performed'before the start of the printing
opefétionﬁafter the.ﬁurn-on of the-power.supély and the
old ink remaining in the head portion of the nozzle is

25 preliminarily discharged and thereby optimizing the

emission of the ink.



(MPU) for controlling each section of the printer. Therefore, according
to the conventional constitution, 5 it i1s extrenely difficult

finely
processi ng

the optinmum prelimnar eni ssi on cannot be perfornmed. 10 SUMVARY OF THE

| N\VENTI ON | n cHewevenee 1Mhent00ntheappéot outputt hés gaszied i ousntion,
there is provided a gU|d di scharge 15 . recordi ng apparatus,
conprising: a Fhﬁ%?ﬂhdléﬁha Eef°FeéoP€F gfrem a mhﬁﬁ?ﬁﬁ°¢€ﬁ$§§goﬁnéﬁergy
generati ng nean p nsive an ‘el e¢ trlcal drive_sigpal to,i art
energy to a recgyéﬁi Fqﬁ?ﬁtF81}69ﬁ1§ac | yPREELARopPEL gﬁﬁlcﬁrlp teTapitt ed
from the 20 rdi p

recordi ng unitThégéf 5% ﬁégbﬁ%;ﬁﬁ g$ gﬁéeﬁg?gg§ﬁ§§$§fs§$ﬂg§f€9 l8Pgnal LﬂJ

contr ol
time

such prelimnary emssion due to a probl em of
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problem such that the optimum preliminary emisSLOn

cannot be performed

SUMMARY OF THE INVENTION

In accordance with one aspect of the present

_invention, there is provided a liquid-discharge

recording apparatus,_compriSing.

a liquid-discharge recording unit having emLSSlon
energy generating means respon51ve to an electrical
drive signal to impart energy to a recording liquid to
form a. flying droplet which is 'emitted from the
recording unit for deposit on a recording material°

recording unit controlling means arranged to supply

. said drive Signal in response to input of a recording

ISLgnal,

25

30

heating means prov1ded in the recording unit for
heating the recording liquid° o

capping means operable to cap the recording unit;
and ; | . : |

control means operable to allow.the heating.ﬁmeans to
operate ~prior to a recording process when an

environmental condition is improper for recording

capping neans
CﬁPeli:hfnéfforénﬂSsﬂGnt agad gantzol ﬁféﬁfeﬂperéf| e heal | ow

to
t he

for the softwares 8o-that there is.a problem such that

t he



‘and, in the case where a recordi ng signal is not supplied within a
predeterm ned period of tinme after a previous recordi ng process, to cause
t he hgating means to stop and to cause_the capping nmeans to cap the 5
‘recording unit. In accordance vvith-anct her. aspect of the present

I nvention, there i pr ovi Cl%ﬁd a . ui d- di scharge recordl n% appar at us,
conprising: 10  angs | E S(ﬂ% r & ngfecl%-i ing, i9RG difi 5!9 n

_energ%/ generating nme ?ffr?g"trr]?s%eadﬂli? el e(é{/rl .C dr i ve%gn te-lrsa

i mpart energy to Qéi; [ qﬁﬁ%ﬁ@%

emtted fromthe r, oR. a.lr r i :
recording unit ﬁﬂ*'{yng meang g’ﬁ:‘rz%n%gses 'B.'(? Eﬁg‘% ng%gg%%trtﬁ\?gayegn%% I n
response to input «f é\._dl?q}[djlﬁw c%,ﬁ&althehe@a:pgﬂngea%ap‘rsowtgedc”g,at Rfe

ecording unit for heati'ng the reco ng liqu cappi ng
opé‘/abl e t® cap rddrdiffArditlg unit; and control. nmeans for
controlling the heating nmeans and the cappi ng neans, the control neans.
bei ng operable to cause a node in which .the heating nmeans is inactive 25
and the recording unit is capped by the capping neans. Ref erence
S directed to Irniacmbrdénupdowithat @amothenl | aspect Nof 8%RédpIregemt

2169855A) fromwhich this application is divided and (8911913.5) (GB
A) invent:.on, .there is provided a iquid-discharge

recording apparatus, comprising:
10 a liquid-discharge recording unit having. emission.
1 energy generating means responsive to an electrical
drive signal- to impart energy to a recording liquid to
form a flying droplet which is emittéd from the

recording unit for deposit on a recording material;

U 15 recording unit controlling means arranged to supply
said drive signal in response to input of a recording
- signal;
heating means provided in the recording unit for
heating the recording liquid; |
K/‘ 20 = capping means operable to cap ﬁhe recording unit;
and

control means for controlling the heating means and
the capping means, the control means being operable to
cause a mode in which the heating means is inactive
25 and the recording unit is capped by the capping

means.



/ which is divided fromthis application. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figs. 1 to .13 are diagrans show ng whol e arrangenents of |iquid-discharge
recordi ng apparatuses in which the arrangenment of figure 6 is in

.aceordance wth the 10 presend -dnvention, and the arrangements of
figures'1to 5 and 7 to 13 are not; ‘Fig. 14 is a perspective view show ng
an exanpl e of ®Refersndeiti ds of di[redﬁed ettoor iU itvedh c Wilrtgdign t Pdtent

i nvention; 15 Fi gs.  15A and 15B are .an enl arged perspective view of a
head unit in tAppldcatdon NeswBSI141}(GBl 216985 5x)d faromewhairajed this
perspective view of a nozzle unit thereof, respectively; Fig. 16 is a

bl ock di agr am eppliieatdenxdepidivided, amsi (8951135 (8B cuit arr dgenent
of the ink-jet printer according tqo the invention; Figs. 17A and 17B are

flowcharts shoWhighdse divdded Enam this@prtigationptini zi ng process W

~procedure; Figs. 18 and 19 are flowcharts showi ng an exanple of a 25
prelim r?ary heat i ng process ~procedure and -9- an exanpl e of
a prelimnary em.t. HeTot Y ik Processes shown in Figs.
17A and 17B, respet ° diagram for explaining a 5

print output S'FQ.@%I V.’fmt“ch k3 a?@@iﬁi:&n% %ﬁ‘?ﬁd w‘ﬂ?ilte arrangements

'_of liquid-dlscharge recordlng apparatuses in which the
arrangement of figure 6 “is in accordance with ' the
10 present invention, and theé arrangements of figures 1
to 5 and 7 to 13 are-ndt;_
Fig. 14 is a perspective view showing an example of a -
" constitution  of an ininet printer according to the -
invention; )
15 Figs;“ISA'and 15B are an ‘enlarged perspective view of o/
a head unit in the printers shown in Figs. 1 to 13 and-
an enlarged perspective view of a nozzle unit thereof,
respectively;
Fig. 16 is a block diagram showing an example of an
20 ©  internal circuit arrangement of  the ink-jet printer \;J
according to the invention;
Figs. 17A and 17B are flowcharts showing an example of
the printing state optimizing process procedure;
' Figs. 18 and 19 are flowcharts showing an example of a

25 - preliminary heating process procedure and



and Fig. 21 is a graph of characteri§fic curves .showi ng the rel ation
between the supply tinme and the tenperature in which a frequency of the
print, output 10 si

gnal which is supplied to the head unit is used as a

"parankter. In Figures 14 and 15, the followi ng references are used: HU ..
Li qui d-di scharge recording unit .(headgurit), C. .. Carriage, 15 R
Quide rail, [err]... Supply tubes, FC ... - Flexible cable, ST ...-
Sub-tank, CAP ... Cap nmenber, 20 P.. Recorded material, PL...
Platen, S. .. " Carriage running dlrectlon - Conveyi ng direction
of the rerordadesamplieabs B re11m1n59§eeﬂﬁﬁtih 3§Esgab oc fozzle
unit, FP.. Front plate, PIR. Liquid cﬁa ' E ?%ﬁf..' I nk
channel, OR in the ﬁrbi:eegesTShown in Fﬁaﬁerﬁwr@n&em@r HTR. ..

ternal heater, 5 ET. Emtting heater, [err].... Motors,
respectlvely, _
Fig. 20 is a waveform diag:am_for explaining a
5 print output signal which is supplied to the head unit;
and |
Fig. 21 is a graph of characteristic curves
showing the relation between the supply time and the
N, temperature in which a frequency of the print output
10 signal which is supplied to the head unit is used as
a parameter.
In Rgues tea (S, fo fhllosiy e ave toed:
L HU... Liquid~discharge recording unit (head unit),
C... Carriage,
15 R... Guide rail,
TBl, TBz... Supply tubes,
FC... Flexible cable, ]
. ST. . e S\J.b"'tank'
N
CAP... Cap member,
20 P... Recorded material,_
PL... Platen,
S... Carriage running direction, _
f... Conveying direction of the recorded material,
H... Home position,
25 NZ...: Nozzle unit,
FP..." Front plate,
" IR... Liquid chamber,



i sormmammm e TR it rir My AT H AN Y Sy e BT T R RS et iy T sa RN M b s v, . e e -

T.. Progr anmabl e perlpheral I hterface (PPI), 2... -
M croproceSS|ng uni t (NPU) 10 3... Line buffer RAM 4. .. " Font
generating ROM 5. Control ROM 6... - Console, 7... Hone
position sensor, 15 8... Cap nnde.smﬁtch, 9... Paper sensor, 10
. Head unit controller, 11, 14¢18," 21, 22, 24. Drivers, 13...
Protective circuit, 20 15:.. - Tenperature conparlng device, 16..

Font switch, 17... | nput sel ector. DETAILED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS 25 Figs. 1 to 13 show di agrammati ca

arrangene ews s e arrangenents of |iquid-discharge recording
appar a usgg: ERR] [Eﬁ%'ghéﬁ#él The |i qui d- dlscharge recordi ng

apparatus (@f the iyl qi xapl € shown in Fig. 1 conprises a |iquid-
di scharge recording unit 100, recording unit controlling means 110, and

em ssion ggntrolling turel ¥énsokle recording unit 100 has em ssion
energy generating neans 102 which can ‘allow an energy to act on the |iquid

to form f gpght, I|qugiﬂ@yygyﬂﬁédﬂgrgesponse to the supply of an electrical
signal. This
5 ET... Emitting heater,

My, My, Mj... Motors,

... Programmable peripheral interface (PPI),

2...  Microprocessing unit (MPU), - o \&/
10 3... Line buffer RAM,

4... Fént generaj:ing ROM, -

5... Control ROM, |

6... conmsole, s . w

Teoe Home position sensor,
15 8... Cap mode switch,

9... Paper sensor,

10... Head unit controller,

11, 14, 18, 21, 22, 24... Drivers, S | Q)

13... Protective circuit, |
20 15... Temperafure comparing device,

16... . | Font switch,

17... | Input selectdr."

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

*

25 . Figs. 1 to 13 show diagrammatical atrangement
views showing whole arrangeménts_of‘liquid—discharge-

recording apparatuses, by-which-the-cbjects of the




‘recording unit flies and emits the liquid droplets and 10 allows themto be
deposited on a recorded material P, thereby performng the recording. The
cogtrolling-neans 110 can set the electrical si ghal - and supplies the

ctrical signal to formthe flight qfld droplets to the em ssion energy
generating means 102 15 in response to %he input of a recording signal SA
The controlling nmeans 150 sets the electrical signal to formthe flight
liquid droplets to the recording unit controlling means 110 when the power
supply is turned on, thereby allowing the recording unit 100 to 20 fly and
emt the |iduid. dr opl etthe Tiguiidndischange mpeomtingliappamtarsatafs of the
second exanple shown in Fig. 2 conprises the |iquid-discharge recording
unit 100, recotdien$ixet example isheymdamFigro 1 ieempnigesemdimud-and heat
2 control ling means 140. The recording unit 100 has the em ssi on energy
generating neafdsEhaTge: XeFording amds e%%gg dédnverting devi ce
whi ch can heat

e |lig to fornlfll | lets in
response to thgogﬁﬁﬁaélgg Eﬁa@§e39$'05P43%&%§§ n&é@@#&PﬁgmﬁﬁPﬁ flies
and emts tdes i qu %Q! S|ted on the
recor ded naterﬁgp %gi %Q%P rnﬁ@@ %%% k@g?SOWb nergy control ling
means 110 can a&he&&%ﬁbe gshga'm%' ¥Rlop0 e 4 ol BRRGECH Gl ! 07
to formthe fl t liqurd droplets e enl ssion energy nerati1 ng neans
102 on the liquid to form fllght liquid droplets in

response to the supply of an electrical signal. This
W, recording unit flies and emits the liquid droplets and
10 ° allows them to be deposited on a recorded material P,
thereby pérforming.the recording. Thé controlling
means 110 can set the electrical signal and supplies

. the electrical signal to form the flight liquid

\Ji droplets to the emission energy generating means 102
15 in response to the input of a recording signal SA. .

The controlling means 150 sets the electrical signal

to form the=flightlliquid droplets to the recording

i\,i unit controlling means 110 when the power supply is’

turned on, thereby allowing the recording unit 100 to
20 fly and emit the liguid droplets.

The liquid-discharge recording apparatus of
the second examble shown in Fig. 2 comprises the
liquid-discharge recording unit 100, recordipg unit
controlling means 110, heating means 120, and heat

25 controlling means 140. The-record;ng-unit 100 has the
emission energy generating means 102 including an

electrothermal energy con#erting-device which can heat

e ——————rn - ————p————— =



in response to the input of the recording signal SA. 10 The heating nmeans
120 is provided in the recording unit 100 and heats the liquid fromthe
out side. The heat controlling nmeans 140 all ows the heating neans 120 to
(heat the liquid and/ or sets an electrigal signal within a range such as not .
to formany flight liquid 15 dropl &t the recording unit controlling
nmeans 110 and thereby to heat the liquid in accordance with the

envi ronment al conditions when a power supply SWis turned on. The

|'i qui d-di scharge _recording apparatus of 20 the third exanple shown in
Fig. 3 cohprthesliguidi o foums FAdghs Adquidi dgopietsldn, respongdieng unit
control ling neans 110, _heating nmeans 120, heat controlling neans 140, .

em ssi on contPofhpenguppd¥sofsen glgctrigarcsigsadrol Thig wesordieg. The

recording unit,25_.100 hasg the enission_energy generating neans 102 :'
i ncl udi ng an“Bt cf?b?ﬁe?ﬁale@ﬁ&?gﬁﬁEBRVQFEPhg'GEVP&StﬁhPBﬁ 24AoHBat the

lI'iquid i | v of -13- I ' ' | f
f1ight 11 qui BiaRoRPcbe. doROELPel Bh: Hhe, ARPoPRPA: SARRZEAM Brino 1iquid
d I d . L1 h ial P,

her cby ror 1 SPRFADD, REFFOERLAG FRRTRREESaHa, " Cun BRARSRIRARE) Ui ng moans

e ne"s, (BHAOf] SEOLOERLepLORS ABR-tUBO)of ERGCLA LigphiButnaL Lo
in response tRet&8tetBPitaldl si§fal to form the flight liquid -
| - droplets ‘to the emission energy generating means 102

in response to~the-inpht-of the recording signal SA. \W/

10 The‘héatingvmeans.lzo is provided in the recording
unit 100 and heats the liquid from,the~outéide. The - -
heat-éontrollihg-means-140 allows the heating-mean$
120 tofheat the iiquid-and/or sets an electrical signal ;;J
within:a rangé“such as: not to form any flight liquid

15 droplet«to-the:recdrding unit‘controlling.meané 110
and thereby to: heat the liquid in accordance with the
environmental conditions wheﬂ"a-power_supply SW is
turned on. R | |

Thepliquid-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~meéns 120, heat
controllihg*means:140, gmission controlling means 150,
and sequence controlling means 160. The recording‘unit

25 100 has the:emission energyigenera;ing means 102

includingwanaélectrothermal energy converting. device

which can heat the liquid in response to the supply of



‘recording signal SA. The heating neans 120 is 10 provided in the recording
unit 100-and heats the liquid fromthe outside. The heat controlling neans
.14Q allows the heating means 120 to heat the liquid and/or sets an
el &ctrical signal within a range such'ai#un to formany flight |iquid
droplet to the recording unit 15 controliing neans 110 and thereby to heat
the liquid in accordance wth the environnental conditions. The em ssion
controlling neans 150 sets an electrical signal to formthe flight liquid
droplets to,the control Ling means 110, thereby allow ng the recording 20
unit 100 to enPR edectrigal isigmad doofoams flight ddguad dropdetsl.l i ng
means 160 drives.the heat_ contrqlling nmeans 140 when the pawer suePuy SWis
ets

turned on and § FeceEeing. uddits fldes. and smitsy theaddapid dxop

‘The }iquid-dischar recordi ng apparatus Qf the fourth exanple shown in
Fi§7J4 conpris@?ﬁt%gleﬁuFggﬂ€§€h§Fg§eP9§&Fﬁpn8nu ' f@GPrgE rdi ng unit
-14- 1 controlll .QRansS and _control._nmeans 190. _.The regordi ng unit

. 100 has the en#§§?%%g§n§fg%ﬁggﬁgyaPFﬁ3°ﬁEéH§-%gf Wﬁf?ﬁdégﬁ'alﬁgﬁ'an ener gy

to act on the Ligquids Ara A lyis QLA PLehS A pepse to 5 the

supply of an e#%%???%%? gﬁ%ﬁgbbhgﬁﬁélﬁg or %%% &%Ptckﬂiég%agggenits these
l'i quid drOP'et&lé&@ribb@“@ibhﬁ&‘hﬁdbgu%gﬂﬁﬁbt%ﬂeoﬁle%rﬁ%ﬁﬁfQQQnE&t%b'a' P.

The recording unit controlling neans 1 can set the

form the flight liquid droplets to the emission energy

generating means 102 in response to the input of the
W recording signal SA. The heating means 120 is
10 provided in the recording unit 100 and heats the liquid
from the outside. The heat controlling means 140
allows the heating means 120 to heat'the liguid and/or

sets an electrical signal within -a range such as not to

form any'flight liquid droplet to the recording unit
15 controlling means 110 and thereby to heat the liguid
in accordance with the environmental conditions. The
emission controlling means 150 sets an electrical :
ﬂ : signal to'form‘the.flight-liquid droplets to the.
\/

controlling means 110, thereby allowing the recording
20 wunit 100 to emit the flight liquid droplets. The
sequence 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 recoréing apparatus of
the fourth example shown in Fig. 4 comprises the

liquid-discharge recording unit 100, recording unit



el ectrical signal and supplies the electrical signal 10 to formthe flight
liquid droplets to the em ssion energy generating means 102 in response to -~
the input of the recording signal SA. The control neans 190 sets the
€lectrical signal to formthe flight i qyid'droplets to the recording unit
controlling neans 110 in 15 response T0 the input of the recording signal
SA in the case where the environnental conditions are fitted for recording,
t hereby allowi ng the recording unit 100 to prelininarily emt the flight

l'i quid droplets and then generates a_ command signal. The

i qui d- ditscaREAIddRE MRANS pkkOnt \ANG fCQIHq). f@%@(aﬂrﬁﬂe SFthewn in Fig. 5
conprises the |iquid- dlscrllr ec rd| unit 100, recording unit
~Control I ngmélfgo (0 has the spiaian &MRnel GRPTRLS 140,
em ssion control g'rb%ogﬁﬁ' 150 ‘ge;l{}dso Se uence 259t§c10ntt_[ olli means 160. U
The recordl éﬂg?ﬁv | ns 102
i ncl udi ng an %?J ojzﬂe ﬂr%ﬂd’q; hﬁcﬁﬁ qﬂigé%}éé‘sorl\ﬁerrt whi ch can
heat the Ilql}qéu‘t or l'1|qU| (fro I'n respo e tf%?(?le supply of
an el ectgi caheSigy ly B wg&q&mﬂnls& ales i £Pdcd liquid

dropl ets an reco on the recorded naterial. P. q%e recordlng uni t
control Ii. ngxﬁﬁ@&ﬁ& GHA il g eRIKRC tTifiAld drtpllettnGrid Rl IRes t he

electrical signal to formthe flight liquid droplets to the enission energy
gener ati ng rdhens tt0be depesitse din the oreumiiex] gretlertimIstRr t THee
| recording-unit-controlling means 110 can set the
| electrical Signal and_supplies.the eléctrical signal '\_}
10 - to form the%flight{iiquid_droplets.to;the_emissign o
energy generating means 102 in responsemtq,ﬁhe input

of the recording signal SA. The control means 190 sets

the electrical signal to form the:flight liguid

droplets to the recording unit controlling means 110 in e
15 response to the input of the recording signal SA in £he_-
case where the.eﬁvironmental.conditions are fitted for
'recording, thereby allowing the recording unit 100 to
preliminarily emit the flight liquid-dioplets, and .
\o/

‘then generates a. command slgnal._

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

25 controlling means 160. Thegrecording-unitjloo has the

emission energy generating means 102 including an



.10 recording in response to the input of the recording signal SA. The
heating nmeans 120 is provided in the recording unit 100 and heats the
Iigﬁid fromthe outside. The heat controlling neans 140 all ows the heating
means 120 to heat the liquid and/or sets_an 15 electrical signal within a
range such as not to formany flight |tqg&Pd=droplet to the recording unit
controlling neans 110 and thereby to heat the liquid in accordance with the
envi ronmental condition. The em ssion controlling neans 150 sets the
electrical 20 signal to formthe flight liquid droplets to the recording
uni t controllingleeanethgbmaﬂhenebgyabbnvbngingedevtoedWhgchnbanlﬁéato em t
the flight liquid droplets. The sequence controlling nmeans 160 drives the
heat control|infheedhguidoteonfermpbhightoliguidnguopletsfinhresponsedi ng
si.gnal and drives the enission _controlling neans 150, then generates a
comfand si gnal . t0 thegsupnply| §urn-elechrigel signalng Thiarveeerdinghe

100, rocording URFE EDHER cand ERhEanthase, Teutdndroplace 180d Eappran s
reans 180, a4 S80LAg! elEs0ted ucatler £OO A% LLLAI00 Ligp.t e ot 5ol on
L7 b Lo A il ks SHOTLEh d CAEPEIBELECAT o URRLY, O
droplets, therebyqareaopridd Me electrical signal to form the flight
liquid droplets to the emission energy generating means
102 in response to a command signal to start the
10 recording in response to_éhe_input of the recording
signal SA. The heating means 120 is provided in the
recording unit 100 and heats the liguid from the
outside. The heat controlling means 140 allows the
heating means 120 to heat the liquid and/or sets an
15 electrical signal 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
L : in accordance with the environmental condition,“ The
emission controlling means 150 sets the electrical
20 signal to form the flight liqpid droplets to the
récording unit controlling means 110, thereby allowing
the recording unit 100 to emit the flight liquid
droplets. The sequenée controllin§ means 160 drives
the heat controlling means 140 in response to the input
25 of the #ecording signal and drives the emission

controlling means 150, then generates a command signal.



the recorded material P. The recording unit controlling neans 110 supplies’
the electrical signal to formthe flight liquid droplets to the em ssion
energy generating nmeans 102 in response to the input of the 15 recording
signal SA. The heating neans 120 is provided in the recording unit- 100 and
heats the liquid fromthe outside. - e -cappi ng neans 180 can be coupl ed
with the recording unit 100. The control neans 200 instructs a heating
process to the heating neans 120 when the 20 environnental conditions are

i nproper for a recording process in conjunction with a single recording
process by the recomfleng ;K- @ggnr%@% r Lding sjgnal is

i nputted even after&gﬁ g%gtiﬁ?gt ihg%cgfa_. set tifr?aé')ﬁgf tag’?%(_g%rrp,eﬁ%n of the
singl e recogdengiRtACakamplie shBAnCIn! FAly.ME2RompRd sieasitiect s the stop of
heating to the heating neans 120 and at-the same tinme drives the capping W,
nmeans 180, 1hgueByrdischarge reeordinghanitaneol8edoirdinge undaor di ng unit
100. -17- The |iquid-di scharge recordi ng apparatus of .the seventh
exanpl e shoeontroklgng7meansr 1165 hleatingumeasissAR8r,geappdmgdi ng unit 100,
recording unit controlling neans 110, heating neans_ 120, heat 5

control 19 ngmeanas1880; andi consrodomerns| 20§ .neThe réCordisgs amidnce

control ling_neans 160. The recording uni.t 100 has the em Ssion energy
generating KAfnBagothenemigsignagnersy: genssptingeresss 4O #hdiclhy devi ce

whi ch can heat the liguid to formflight . liqguid.. L .
! ¢ can aliowlgglem&ssion ene;gy“tolggk on the liquid to

form flight liquid droplets in response to the supply

of an electrical signal. ' This recording unit flies o/

10 and emits thésé'liquid droplets, thereby recording. on
the recorded material P. The recordiné;uniticontrolling )
means 110 supplies the electrical signal to form the
flight”liquidzdrééiéts to the emission energy = g;;
generating means'idi in response to the input of the

15 recording signal SA. :Tﬁe heating means 120 iS'pfcvided
in the recording unit 100 ahd heat§ the liquid'fr6m~the
outside. The capping means 180 can be coupled with the
recording unit 100. The ‘control means 200 instructs a
heating process to the heating means 120 when the

20 environmental conditions are impréper for a recording
process in conjunction with a single recording process
by the récofding.unit_loo. When the next recording
signal is inputted even after an expiration of a set
time aftér;ddmpletiOn of the single récording°proceés,

25 the control means 200 instructs the stop of heating to
the heating means 120 and at the same time drives the
‘capping means 180, thereby coupling the capping means
180 with the recording unit 100.



10 dropl.ets in response to the supply of an electrical signal. This
recording unit 100 flies and emts these liquid droplets, thereby recording
.on the recorded material P. The recording unit controlling means 110 can
set( the electrical signal and supplies the 15 electrical signal to form
the flight liquid droplets to the em ssi @@ energy generating neans 102 in
response to the input of the recording signal SA. The heating neans 120 is
provided in the recording unit 100 and heats the liquid fromthe outside.
The heat 20 controlling neans 140 allows the heating neans 120 to heat the

liquid and/dr sets an efkétiigaidSafehavyéhi8cérdfhgCappabatdsngt to form
any flight liquid droplet to ?he recordiﬁg'uni? goﬁ??o??#nganegns 110 and

thereby to heatthéeséventll éxamsrorsivows hthi he7250m§ﬁﬂéé9nﬂﬁét al
copditions. The emi ssion controlling nmeans 150 sets the electrical signal
to Tormthe fliliquidedisicharoge etecording weitrid0g recdrdimg ranitng neans
110, thereby allowing the recording unit 100 to emt the flight liquid

droplets. The confexetlingrmeans i hi0 sjcheatitd neanssl20 heat controlling
means 140 ig response to the turn-on of the power supply SWand/or 5 the

i nput of th& r KNEFPHLLnG MRearss 140y temigpion repnteohbing cueans| 150y neans
140, the sequence_controlling nmeans. 160 stands_by for a set tinme and then

drives the eni SHOPEPHNTE | TIRETRLILNG gpeang, 16 qui el XeFRF LT ecor di ng
apparatus of 10unit.1?e1€d E}E{sh t?ﬁ(ea r‘@ll\iesssfgx\{m erixgrngir gg'ex?erc'a%?x;é Sn?esartxsh e102
; including an electrothermal energy converting device
N which can heat-thé'liquid to form flight liquid
.10 dropléts in response to the shpply of an electrical
signal. This recording unit 100 flies and emits these
liquid'droplets, thereby recording on the recorded
W, - material P. The recording unit controlling means 110
| - can set the electrical signal and supplies the
15 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. The heating
means 120 is provided in the recording unit. 100 and
heats the liquid from the outside. The heat
20 controlling means 140 allows the heating means 120 to
heat the liquid and/or sets an electrical signal |
within a range such as not to form any flight liquid
droplet to the recording unit-cont:olling means 110
and thereby to heat the liquid in accordance with the
25. environmental conditions. The emi;sion controlling
means 150 sets the glectrical signal to form the flight

. liquid droplets to the recording unit controlling means



l.i qui d-di scharge recording unit 100, recording unit controlling means 110,
and heat controlling nmeans 140. The recording unit 100 has the enission
energy generating nmeans 102 including an el ectrothermal energy 15
(converting device which can heat the liquid to formflight |iquid droplets
in response to the supply of an el ett¥$cal signal. This recording unit
flies and emts these liquid droplets, thereby recording on the recorded
material P. The recording unit controlling 20 neans 110 can set a pul se
width of the electrical signal and supplies the electrical signal to form

the flight Llfui chimmbyetal tawiry the ssardiney gnierk0®ttageneens 102 in -
response to the input of the recording signal SA The heat controlling
means 140 2%henhfd ightsdiguid draplets edfihe Bdence atantapklimgse wi dt h

to the recording unlt controlllnglneans 110._ This heat controlling nmeans
sets an el e®e@ngy|L gifeuves they hepthicontaalling meang tHG &nrange such a%J

not to form an fllght lLquid droplet_tqQ the recording unit controlling
means 110 aﬁ&s¥ﬁ 5ﬁ%x£uqﬂﬁ?4| |?¥9!?Qﬂﬁﬁnﬁﬂﬁﬂﬁ¥ W [png/er

i B o] L
0 SCUBRIRREE il il Yl 901 il [ || 00, R0 110
ener gy 10 _asa%&atrﬂwa@&aslqasd,_%céaumsnwrf&l et hefflana then
drives the emission controlling means 150. -
The llquld-dzscharge recordlng -apparatus . of k.)
10  the elghth example shown in F;g. 8 comprlses the
liquid-discharge recording unit 100, recording unit
controlling means 110? and heat controlling means 140.
The recording unit 100-has.the emission.energy R W
generating means 102 including an electrothermal energy
15 converting device which can heat the liquid to form
flight liquid droplets in response. .to the_sﬁpply of an
electrical signal. This recording unit flies and -
em;ts these liquid droplets, thereby recording on the
recorded material P. The reqording unit controlling
20 means 110 can set a pulse width of the eiectrica;ﬂ
signal and supplies the electrical signal to form the
flight liquid dropléts to the emission energy
- generating means 102.in-£esponse to the input of the
recording signal SA. .. The ﬁeat controlling means 140
25 has pulse width setting means léz.kor setting a pulse
width to the recording unit controlling means 110.

. This heat chtrolling means sets an electrical signal



energy converting device which can heat the liquid to formflight Iiquid
droplets in response to the supply of ‘an electrical signal. This recording
*ungt flies and emts these liquid droplets, thereby recording on 15 the
recorded material P. The recording unitygantrolling neans 110 can set a
frequency of 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 20 SA. The heat

control ling;nea 140 .has frequency setting neans 144 for setting a
fre?uelrllcy to tr?«?raeai’rlcﬁt end”tfﬁ?cll .{t “&% ’c’1‘| b1a i'?‘?lg‘%aﬁ%c_ hl?Lﬁ? nﬂﬁrs:%efﬁrgm )
controlling ne S .an ectrigal ,si.gna i C ies. withi,n a.range suc
as not to formaag‘ ysﬁlﬁgdﬁ:[ 11%1%‘% %plﬁ%poet%&'ef% rﬂﬂ?"‘ f which is
hi gher than th ﬁ*ﬁi lhectld Sl l,. URO ordi.ng o the
recordi ng uni t%tgor{n ro%lqﬁ%g%r?eag{r%s%‘f% ag{r?gi%}lre y to %e}otr %%‘et gﬁ%"aﬁd)t he
l'iquid in accoriganedidadhdd Sritthy it rg?q% ,ﬁ@;,cyl | U&Sdi :
l'i qui d- di schar 5’e _recpréil ng agg'ar at u%no _tzyg tent lexamﬁl-elgls_nosm'/n in Fig. 10
conprises the 5 |iqui dqdies QYA AEShErde li:@dorlﬁ%g racis?a’z@ﬂi& W t _
controlling nmeans 110, and heat controlli'ng neans 140. "The recording unit
100 has the eniths ointideleRampdiec shiowi] it Fiy.102 donpridiasg thie -
~electrothernmal energy converting device which can heat the liquid to form
10 flight |iquildghideiddischarge:secoxding tund ts 198,y refcording unit
controlling means 110, and heat controlling means 140.
AU The recording unit 100 has the emission enerqy
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 signal. This redording unit flies

~ and emits these liquid droplets, thereby recording on
15 the recorded material P. The recording unit controlling
heans 110.can set a.frequency of the electrical signal
and supplies the electrical>signal to form the flight
iy/ ' ligquid 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 frequency to the
recdfding unit controlling means 110. This heat
controlling means sets an electrical signai which lies
within a range such as not to form any flight liquia
25 droplet and a frequency of which i; higher than the
frequency of an electrical signal upon recording to

the recording unit controlling means 110 and thereby



el-ectriccal signal. This recording unit flies and emts these liquid
droplets, thereby recording on the recorded material P. The recording unit
controlling neans 110 can set a voltage of the electrical signal 15 and
upplies the electrical signal to formthe flight liquid droplets to the
em ssion energy generating neans 102 ‘W response to the input of the
recordi ng signal SA. The heat controlling neans 140 has voltage setting
means 146 for setting a voltage to the recording unit 20 controlling nmeans
110. This heat controlling nmeans sets an electrical signal of a voltage
within a tange beat fhendiquid dnmageprdange wituitherenvisronnental
recording unit cqntrolling means 110 and thereby to heat the liquid in
accor dance wWPPRALAEOBRsi r onnent al' 25 condi ti ons. The | i qui d- di schar ge

di t t |, th | h in Fig. 11 [ the Jj
121 T qui d-di sehar g e AJeRAG hASHAESS nRsShe ARREETH (O | | ng means=
110, d 1 ggslon t L] - 150, i1 I, 100 h th :
o 551 on_ eneFly SRR, erald, HBE, W wab 1 Sl e e ” 05t s on

i ssion energy generatrng e hi CT7 act
the 11 quigl t 90050 Hiobila e ool ARlcP ihalt) JREPYRD LA SuriapP! y f an

el ectrical sig I's recording uni les and emts e liquid

droplets, thgpRk¥c19¢RGTmeanaN 1106 RRAOHEAE Wil ifg HMad«Laudi ng unit
controlling neans 110 Can set the 10 nunber of em ssion tinmes and supplies

the el ectricthe recording unit 100 has the emission energy .

gerierating means 102 including an_electrothermal'enérgy
converting device which can heat the liquid to form | 'g)
10 flight ligquid d£0p1ets-inaresponse to the supply of an
-~ electrical signai.-~This.recbrding~unit-flies and emits
these liquid drbplets. thereby recording on the '
recorded material P. The recording unit controlling QuJ
means 110 can set a voltage of the electrical signal
15 and supplies the electrical signal to form the flight
- 1liquid droplets to the emission energy generating means
102 in response to the input of the recording signal
¢ ‘SA. The heat cdntrolling means 140 has voltage setting
means 146 for-set#ing a voltage to the recording unit
20 controlling means 110. This heat controlling means
sets an électrical-sigﬁal of a voltage within a range
such as not to form any*flightVquuid droplet to the
recording unit controlling means 110 and thereby to
heat the liguid in accordance with the environmental
25 conditions. .
The liquid-discharge recording apparatus of the

eleventh example shown in Fig. 11 comprises the.

e e e e



signal to formthe flight liquid droplets to the enission energy generating
nmeans 102 in response to the input of the recording signal SA The em ssion
.controlling means 150 has tinmes of em ssion setting 15 neans 154 for
seﬂﬁing t he nunber of em ssion times in accordance with the environnental
conditions. This em ssion controlling medhs-sets the electrical signal to
formthe flight liquid droplets to the recording unit controlling neans
110, thereby allowing the 20 recording unit 100 to prelimnarily emt the
flight liquid droplets by an amount as many as the nunber of em ssion tines
set. The |i dui diithsidredipchargs diexprding aintist Gf00 herdostdiny axaip! € shown
in Fig. 12 conprises the 25 |iquid-discharge recording unit 100, driving
means 210, and ¢entrablinglneans nbkths &f.entiasiar czahitep Lhing hi¥arnss t he
em ssi on ener gy %)en_er ating means 102 for =~ - 22 - allowing an energy to
act on the |iqu3P« o The mesexding junit Mbhas sthe emisminre enendye suppl y
of an electrical signal. This recording unit flies and emts these |liquid
dropl ets, ther S8NeTAGNT Neans (2 whiqh Gate RIavWe ram|energyrhe @dtyi ng

nmeans 210 ves the recordi unjt 100 in a predetermned direction with
regard to the I‘E’ccﬁfeglﬂiﬂg% é"ﬂ% Hdghte W9 FRPRIES D0 heats the
liquid existing in the recqrding unit 0 when the drivi.n ansg 210 is
‘stopped. 10 %'esponﬁ{ee 19 G- |P-q'1°‘r'ar°gfg %ceaﬁﬁtrfg‘%ﬁ}pﬁ‘ﬂqﬁgﬁof his

recording unit flies and emits these liquid droplets,

thereby recording on the recorded material P. The
-/ recording unit controlling means 110 can set the
10 number of émission times 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. The emission

controlling means 150 has times of emission setting

15 means 154 for Sétting'the number of emission times in
accordance with the environmental conditions. This

emission controlling means sets the electrical signal
¢ to form the flight liquid droplets to the recording

unit controlling means 110, thereby allowing the
20 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 appératus of
' the twelfth example shown in Fig. 12 comprises the
25 liquid-discharge recording unit 1ob, driving means 210,
and heat controlling means 220. The recording unit 100

has the emission energy generating means 102 for -



the thirteenth exanple shown in Fig. 13 conprises the |iquid-discharge

(

Pl

recording unit 100,

recor

ding unit controlling nmeans 110, heat controlling

means 140, and em ssion controlling means 150. The recording unit 15 100
has the em ssion energy generating neans 102 including an el ectrothernma
energy converting device which can hed®2 rthe liquid to formflight liquid
droplets in response to the supply of an electrical signal. This recording
unit flies and emits these 20 I|iquid droplets, thereby recording on the
recorded material P. The recording unit controlling neans 110 can set the
electricdl sabbhewingdasuepeigg tbeaekeonrithel 14ggddl tbo fbemmelLightd i ght
liquid droplets to the em ssion energy generating. neans 102 in 25 response
to the inputligquidedrepbetis ninsrgaponsg toThbehsuppdynofobhi ng neans 140
sets an electrical  signal C r ¢ _=
i quid - ebectrnigabpsignad. hEhiscseaprdingi unisnfliesi aAjdneans 110 and™

thereby to heaj, the
The em ssi orPBbEE rEht

i

within a range such as not to formany flight

d ip_accordance with the environnental conditions.

Ruhd 9zephets, htherebycregosdingngnnEhfs 144 for

cont ol | Py TRareiad gladeriat oS bhe CBriPiAb ngeRecALocBoRernElel oot i ca

signal ‘to fo;&éi_égue%

whi ch is bel'ow a

kS 08 88 S P-EphEbrhifod Ry raRLABR Ratho 0 he

recording trfﬁ&%?&'to-the.:ecorded-paper;P. The heat controlling

means 220 heats the liquid-ekisting in the recording

- unit 100 when the driving means 210 is stopped. .

10 - ‘The liquid~discharge recording apparatus of

the thirteenth example shown in Fig. 13 comprises the - -

1iquid-discharge*recording unit 100, recording unit

controlling means 110, heat controlling means 140, and

emission controlling means 150. The recording unit

15 100 has the emission energy geherating 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

signal. This recording unit flies and emits these

20 liquid droplets,; thereby recording on the recorded .

material

P. The recording unit controlling means 110

can set the electrical signal and supplies the:

electricallsignal-to-form,the.flight_liqﬁid droplets

to the emission energy generating means 102 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-



allowing the recording unit 100 to emit flight liquid droplets. The present
i nvention wll then be described in detail hereinbelowwth reference to
the, drawi ngs. 15 Fig. 14 illustrates an exanple of a constitution
of the recording units of the ink-jet Qri%tgrs to which the invention can
. be applied, which have been shown in Figg. 1 to 13 as the exanples of
arrangenents, respectively. This exanple is applied 20 to the ink-jet
printer of the format in which a head unit is nounted to a carriage which

noves in a pfedgtergineg d%ﬁection wi.th regard to a_recording surface.
Figs. 15A and 19B°Br&tafiockhs: yegoudingannit cpatredlingi meansFidd 14 and

14, “15a and 15808 EReEly croiRERY Hhe - LuHIgtn; acEPERARCRNM thobheed on a

canlage i Clenfizohbehta! S0nASRRALS | Mg gl CE o chuBuL gl schar e

Cont rol the 5 Sefdh IS0 Ras PeROTEESELRRCY a8tPiha rofn? Th# 4 he | i ke

fhe directions | air oo predfnd A0F, tneehblefial Wiods BIMIEITH L0 a

motor or 10 thee¢okding Thei gucsietrdllind? medse 116, CoHfi f0GnfsSon
controlling méans sets the electrical signal to form
flight liquid droplets after the heating and a .
frequency of which is below a frequency of the

10 electrical signal at the timé 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 fhe drawings.

15 . Fig. 14 illustrates an example of a
constitution of the recording units of the ink-jet
printers to which the invention can be applied, which

v " have been ghown in Figs. 1 t6 13 as the examples §£
arrangements, respectively. This example is applied,

20 to the ink-jet printer of the format in which a head
unit is mounted to a carriage which moves in a
predetermined directicn'with.regard to a recording
surface. Figs. 15A and 15B are an enlarged diagram of
the heat unit in Fig. 14 and an enlarged diagram ofia

25 nozzle unit thereof, respectively.'

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

liquid-discharge recording unit mounted on a carriage



that rt noves in the directions S. P denotes the recorded material such as
a paper or the like which is conveyed in the direction indicated by an
arrow f in Fig. 14. PL represents a platen to 15 formthe recording
(surface of the recordi ng paper P. Nagely, the carriage C noves in the
directions S in the diagramby the dfi‘'ving means along the guide rails R

t hereby nmaking it possible to record on the recording surface of the
recordi ng paper P. 20 - ST denotes a sub-tank provided in the
carriage, G ferrg I's an .ink supply tube for communicating a main tank (not
shown) vi t hCt hel ubStahﬁosp9sahglFer]prgvédeiﬁhesaégmﬁdnﬂigqhﬁnge<n

- communi cating the sub-tank ST with a liquid chanmber IR in_the head unit HU.
25 recarding: ppAtsHB ps Bapypagetber nymbex of ©oloxe: ofhe
recording upii HU at. a _hone pgsitigon.H. of the carriage.Cin_the directiong |
S. Wen the%ﬁ%?r#ﬁbghcﬁre'gﬁga‘l Fg FﬁégFééeﬁtatﬁéeﬁgﬁée &E?h@ion, t he ca%“J
menber CAP ownar C ' L.t HU b Living,neans such as a
motor o ¢ HEOTPREEERa SR £ h0E BR°PRENAY, dihkg va PobE bR RS A |
col | ectisng s fbHi O, L enb utface of e cording unit
HU and coII%@?%géﬁg'?%kE%%dﬁPE ?%rﬁgﬁ g%FB?Q?ngxgkgﬁeygéa%gtg%%ébsorp?ion
porous matejige, In Fig. 15A, BP.is a base plate on and over which the

supply tube unit [err], the liquid chanber LR{ 10 a nozzle unit Nz, the
flexible cable FC  ehé.catfiage C is fixed to, for example, a belt

or the like and moves in the directions indicated by

arrows S in Fig.f14 by driving means such as a motor or LJ

10 the like. The guide'rails R guide the: carriage C so

that it moves in'the3directions S. . S . .

P denotes the recorded material such as a paper

or the like which is conveyed in the direction indicated

by an-arrow £ in Fig.'l4. PL represents a platen to ‘\“(
15 form the recording'sﬁrface of the recording paper P.
Namely, the carriage C moves: in the directions S in the
diagram by the driving means along the guide rails R,
thereby making it possible to record on the recording |
o

surface of the recording paper P.

20 ST'denote$=a-sub-tank provided in the carriage J_
C; TB; is an ink supply tube for communicating a main
tank (not shown) with the sub-tank ST; and TB, is an
ink supply tube unit for communicating-the sub-tank ST
with a liquid chamber IR in the head unit HU.

25 In addition, CAP is~a_cap”hemberﬂarranged-tos
face the recording unit HU at a home position H of the

carriage C in the directions S. When the carriage C



jarrahged and by which these conponents are supported. BSH denotes an
el astic nmenber for supporting the peripheral portion of the nozzle un
is a front plate; TS is a tenperature sensor such as a therm stor 15

‘the like to detect a tenperature;
i NSt ance,
characteristic therm stor

t;
or

and-HPB s a heater consisting of, for

an el ectrothermal energy converter such as a positive :
or the like attached to the heat unit HU in order

to heat the ink and keep it warmfromthe outside. 20 A heat conducting

plate is alsouﬂﬁo!bd&dedcatoﬂﬁehﬁaﬂe"EBsﬁkgon}5@heCgﬁgeﬂéﬁﬁéraeAQrifiCe

serving as an ink emtting hole. Int

i S enbodi nent,

f,f orij f |2 ges CRcanemveet towakd eheapgedrifinghanieZAbebyNatit¥ng | hehns @
i qui

chanber

ge%é?ati

| R

ng device for applying a - 26 - thermal energy for €mission to

channel for conmunicating the orifices ORwith the liquid

Euch as ammotongobether likevangd éanasbeti 6k €lfe ener gy

the ink existiemithingesurfiace theneef.| Cal cddbleeting msuber t$SB® abuts
above-nentioned recordi ng apparatus, the ink is first supplied to the

sub-tank 5° S8 rthe temriteing tswrfaee cp§hthecrecppding ubwl § Y Jand-ur t her

FP

predet erm ned nunber

the liquid chanmber IR and | jquid channel ICH are filled with the recording

“1iquid througeehkestdFhe ¢
applied to th
l'iquid drople

-~
{
\

N\

10

15

20

WATHT 1 IRP RGP RRYRYS (paferial.

In Fig. 15aA, BP is a base plate on and over

 Which the supply tube unit TB,, the liquid chamber IR,

a nozzle unit NZ, thelflexible cable FC, etc. are
arranged and by which these components are suppdrted,
BSH-denotes an elastic member for_supporting the
peripheral portion of the nozzle unit; FP is a front
plate; TS is a_température sensor such as a thermistdr
or the like.to detect a temperature; and HTR is a .
heater consisting of, for instance, an electrothermal
energy converter such as a positive characteristic
thermistor or the like attached to the heat unit HU in
order to heat the ink and keép it warm from the outside.
A heat .conducting plate is also provided. _

N On one hand, in Fig,ﬂlSB, OR denotes an orifice
serving as an ink emitting hole. In this embodiment,

a predetermined number of orifices OR are vertically
arranged in the nozzle unit NZ. ICH is a liquid
‘channel for communicating the orifi;es OR with the
liQuid chamber IR. ET: is an emitting'heater serving as

an emission energy generating device for applying a .

apdis cformed Rt for examplecad signal is
e emtting heater ET through the flexible 10 cable FC from



nmeans which will be explained hereinafter, thereby energizing the heater

ET. Thus, the heater ET generates a heat energy and this heat energy is
applied to the recording liquid existing in the liquid channel 15 |CH near
¢ he heater ET, causing an air bubble %g be produced in the recording liquid
which is acconpanied with an instantafieous increase in volune of the
recording liquid in that portion. The recording liquid existing inthe
downstream portion of the emtting 20 heater ET is emtted fromthe
orifice QR, so that the liquid droplet of the.recording liquid is fornmed.
Thi s recor difPrmat eperdp| £orj emiesiont te bhethnkrexbstdagninethel P such
as a paper g{.thﬁ-Likeiﬁgﬂ iéﬁfront of the nozzle unit, so that the
recording | SS¥BGSHMARY Ty 16 shows an exanple of an arrangenent of a
control apparatus of the ink:jet.pripnter_of the -,-27- .invention. For _
exanple, it is assurtd f?ﬁﬁr?fﬁi;ﬁ%ng?%la%%ﬁ%?%ﬁﬁﬁl?%%giEﬁgoﬁé?ﬂg data frow
a host conmpuyterl.. St qres i. PLi ta_of.one Ling and o ls a
printing he%@%%’h%?l%&oﬁétﬁérgga%u ]U'ln$€ #—‘b &E%e?'é%?‘%ﬁenti ng. In
Fig. 16, sa B HE “g%ﬁhﬁl'“ Ge ( i ©f , mpeferred to as a
PPI) 1 fi r-slt%&?g'éel ves'elerﬁ%a#a e %%ﬁéﬁteﬁ%a%\gémgﬁ&% 'Is'éehf fromthe

are filled with the recording liquid through the
supply tube unit TB,. “Nékf, an electrical signal is
appliedétO'fhe”emitting heater ET throhgh the flexible \_)
10 cable FC ffém-liquid“dropiet'emitting"Signal generating |
means which will be'ekplainea heréinafter, thereby
ene:gizing'thé heater ET. Thus, the heater ET
generates a heat energy and this:heaf-energy is applied N
‘to the recérdingﬁliquid'existihé in the liguid channel B
15 Icﬁ near the heater ET, causing an air bubble to be
produced ‘in the recording liguid which'iS'acddmpénied
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 heatér 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. - | .
| 'Piq;*lﬁhghOWS-an example of an arrangement :of

a control apparatus of the ink-jet printer of the



¢hereinafter, referred to as an MPU) 2. The PPl 1 also controls a console 6
and perforns an inputting process of a honme position sensor 7. The MPU 2
scoptrols each section in the printer and executes a 15 processing
procedure which will be explained herejnjater. A RAM 3 serves as a |ine
buffer nmenory for storing the print data received by the PPl 1 by an anount
of one line. Reference nuneral 4 denotes a ROMto generate fonts of print
out put characters, and 5 is 20 a control ROMin which processing

procedures (Figs. 5. .o 7) i.ch are _exequyted by the MPU 2 are stored. Those
conponents 1 t ngegﬁ:éné’dnngéfe&xﬁmp&ﬁghlg:n’ﬁd#é&“%é:hﬂé’ &dsa data bus

DB. Th I - d |l . 3.ndi ' , dth
ke, The nomeoRsary BpERERRERC ;alkhe BhIAY datS BEMR WR:  Fon of tne
cantiage O A eRfipiRde 3RRSStolesClhes prinWlts Al HiR 1ine BRa T AP

menber CAP, nanely, detects et her e cap ne coupl'ed with the

head unit HU OboReirold BABeinteAgOheddlByCa! eohlteol]aence the! BEaRIinting
paper. A head-unit controller 107l atches“the print 5 data and print out put

ti me and st@art antilteHpr, | Bhegeb Ubriﬁt&ﬁ%ponse to a conmmand fromthe MPU 2.
Nanely, in this enbodi ment, the controller 10 is used as a dedi cated

integrated circuit (| CIn Fhgkeb§,r aaprogrgmmabilehppriphesadlgingeedaceror
exanpl e, the controller 10 disclosed in Japanese Patent Application No.
162802/ (hereinafter, referred to as a PPI) 1 first receives in
pérallel the print data which is sent from the host
W " computer of the printer according to the embodiment.
10 and transmits the print data to a microprocessing unit
(hereinafter, referred to as an MPU) 2. 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 which will be explained
hereinlater. A RAM 3 serves as a line buffer memory
for storing the print data received by the PPI 1l by an
(' | amount of one line. Reference numeral 4 denotes a ROM
" ;

to generate fonts of print output characters, and 5 is
20 a control ROM in which processing procedures (Figs. S
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. Th; home position

sensor 7 is disposed near the home position of the

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



1984 by the sane applicant as this application nay be used as the _ c

controller 10. The print data which has once |atched is outputted as it is, ;
| ess ot herwi se a change is requested.. 15 ' Ref erence nuneral 11 L

denotes a driver to drive the head upi$gHU in response to the controller

10; 13 is a protective circuit of the head unit HU, 14 a driver to drive

the heater HTR for heating the ink and keeping it warmwhich is provided

for the head unit 20 HU, 15 a tenperature conparing device of the ink

t enperatune s r Qysh de th ' U: g a font switch to
instruct the s ?% !ndeo -hég%%?%¥'f%ﬁ??ggﬂgaéétggriﬁ ﬁtcgglgﬁﬂqy Lio
switch signal fs 13£y' %éh sﬂég hu&f and i ~qpt r okl 25 the
MPU 2. Nunera 181%26;1%t eség'%rl v'ggg?o r:ave' 'atngﬁoél?[ie;??]' fér’sgggl¥ng t he
cap nenber CARMGH § QdEsdts OthidCabsend® of thEPriftingUpagerand 24 are
drivers to drive a nptor'[err] for feeding the pgggr anﬁgtbﬁé;gr M f or e
noving the carriage, X grgddtanet yeonto LlefNTD 2latéRes EﬁéePQiﬁtfor a val ve
and a driver thereof which are used to 5 renove the air in the head unit

HU, respebti\Gdta abi® paint reutput heime cand setatts t tive CpsEnef oliiputnk-j et
printer shown in Figs. 14 to 16 according to this enbodiment wll then be
descri bed. | in hesparssliten  cotmand hErgovihe sMP| §. of Nahelyy i iner is 10

‘turned on and when the printing is started, the head

this embodiment, the controller 10 is used as a
dedicated integrated circuit (IC), thereby realizing a
high proceséinghspegd. For example, the controller Q_)
10 . disclosed in Japanese Patent Application No. 162802/
1984 by the saﬁe.applicaﬁt-as:this'application may be
used as the controller 10.  The print dat& which has
once latched is outputted as it is, unless otherwise a w
change is requested.
15 Reference numeral 1l denotes a driver to drive -
the head ﬁnit-HU in response to the controller 10; 13
is a protective cifcuit 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 sensor TS provided for the head unit HU;
16 a font switch to instruct the switching.of the
print 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-dxive: to drive a motor

M, for moving the cap member CAP with respect to the _ -k



a@&init HU i.s subjected to a preheating process and a prelimnary enmtting
process, thereby obtaining a good ink emtting state. In addition, the
ca gplng to the head unit HU=+ s properly controlled in conjunction 15 with
se processSes. It is assunmed that tRke 2% eheating process includes the
executlon 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 t'he outside of the head unit HU by driving the heater HTR and
the internaj heganGndeneifs dNahd 2 e idrivRikedd aribe Beglepy/t HU by

supplying a print output pulsé wthin a range such as not to emt any | nk

fromthe head Halﬁo%5feﬁal ng the papet ARACRACHBcFENS FohkNMoVENLC the A
print output start signal is sent to the head-unit céntrol ler 10 at every

sef_jrequency carriggehe respectivelegt and 20 and021V4ee hhgoReabsd i ng,
particularly, the internal heating.is performed, it is desirable to apply a
print output ofoprepsalyel aadwaddiriveretherepf whdchohregastd tbe head unit
HU. However, the use of the 5 head-unit controller 10 enables the

suf ficient roremove tbebaizadni sheobeadvenist HUp vedpegtivelycessi ng speed
of the MPU. Nanely, according to this enbodi ment, paraneters of respective
print outputs can be f?@él?uﬁ aﬁgeefaﬁhesEFOFﬁséééolaahb@ gasa offie 10

necessity; so at .t ad unit can be heated in_the
Yi .Lﬂe-l eje% prgnter sgown in Fggs. 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 good

ink emitting state. In addition, the capping to the

~ head unit'HU is properly controlled in conjunctioﬁ
15 with those processes. it is assumed that the
preheating process includes the execution of an
external heating process and/or an internal heating
O . process. |
N/

. In this case, the external heétingﬁdenotes

20 that the ink is heated from the outside of the head
unit HU by driving the heater HTR and the internal
heating denotes that the ink is heated in the head
unit HU by supplying a print output pulse within a .
range such as not to emit any ink from the head unit

25 HU to the emission energy generatiﬁg device. A print
output start signal is sent to the head-unit cqntrollef

10 at every set frequency during the_interhal heating.

u:.-!\



opti mum manner and the software can be sinplified and a high processing

speed can

be realized. On one hand, even in the case of performng the

~,porelimnary emission as well, it is preferable to apply 15 a suitable
(print output having a pulse width, a fpequency, and a voltage as paraneters
to the head unit HU simlarly to the above. |In this énbodi nent, those
paraneters and the nunber of em ssion tines are changed in accordance with ~
the environnmental conditions. The 20 enbodi nment can easily cope with such

a case by
perforned
at the ti
controlle

descri bed
state ops
| medi at e

the software and the optimym prelimnary em ssion can be

Bl s DR LS . BBl 1B QeI Meni R gondt o
- Antagpal Heating Js Rerforued, iE i, desinnhier Fo APPAY dat a
Softvar & carh RELTSRANoNE OPRoRAE BR14e ihEh> FBBGuelilyy (Bhal T
doseri bed. hoiSfE 09!l Héga REEoRE? | foblbary TRAE) fEE of| the 1T, DO

| i}z At 06 QS BESLEH T B0 26425 8680t Re t SuEREcPEREENt i Nvention.

|y after the turn-on of the power supply of the printer, as an

o/

initializi nprscsssds tdbPRadried beadevdht aoghl 6t8ehasy of the hardware
are initialized and, for the software, the |line buffer

10

15

20

25

processing speed of the MPU. Namely, accdrding to this
embodiment, parameters of respective ‘print outputs can
be freélY‘changed"and set in accordance with the
necessity,'so that the head unit can be heated in the
optimum manner and the software can'be simplified and
'a'high'prOceséing'speéd can be realized.

On one hénd, even in the case of performing the
preliminary emission as well, it is preferable to apply
a suitable print output having a pulse width, a
frequency, and a voltage as parémeters to the head unit
HU similarly’fo'the'ébove. In this embodiment, those
parameters and the number of emission times are changed
in accordance with the environmental conditions. The
embodiment can easily cope with such a case by the
software and the optimum preliminary-emissidn-éan be
performed. 1In addition, in this embodiment, all dots
of the print outputs at the time of the preliminary -
emission'ére set to "1" using the head-unit controller
10."Therefb:é; there is no need té change the print
data'eﬁéry:timé with respect to the print data in this
case, so that the software can be simplified and a high

processing speed can be realized.

o



T0 nmemrory RAM 3 is initialized and the operation of the control ROMS5 is
chegked, and the respective paraneters which are used for processing are
kniggialized (step S1). After:conpletion of the initializing process, the
heéd cap notor [err] is driven to open_tg% head cap 15 while nonitoring
t he cap-node sensor 8 by the MPU 2 (step S2). Mnitoring the hone position
sensor 7, the-carriage notor [err] is driven to return the carriage Cto
t he hone position H (step S3). Then, nonitoring the sensor 8, the cap notor

is dri I . d . he head ' :
Lert]ors driven to ol ose-ile; a0 oRERd SRRIAEANS DEsdodont (b (gisp SO
of, e.g., one léﬂﬁoé§ﬁgﬂt 111 @ﬂ%ﬁrbéhgé ?ﬁ%8%§2ﬁ§§??ﬁgg§§$§d unit HU is

initialized. Inthe inrtraltzing process,. . process (step

SHi.of the head unit HUpigslii9a &ha" 198 shbd- akdes edgse¥Rarl e of the

preheati ng processing procedure for performng the externa -32 - 1

heating and intgrintihgastate oﬁéiﬁﬁﬂih@n?%éégyepreéédﬁfé 4866£@%hg
heati ng, an output of -a pul se wdth, a voltage, and a high frequency within

ranges suchSas votthe presentiyinwkntionpplied to the head unit HU fromthe
5 controller 10, thereby allowing the heat to be generated in the head
unit HU. For the externtimédbately afitehetherteffiR-onoof dthlefpowehe head
unit HU is used as a heating nenber and the driver 14 is turned on by the
MPU 2, thereby $kpRingefhthecpuinter, Rs anecirktbahbzing process, the

PPI 1 and head-unit controller lolof the hardware are
— initialized and, for the software, the line buffer
10 memory RAM 3 is initialized and the operation of the
centrei ROM 5 is.checked, and the respective.parameters
which are used for brecessingiare initialized (step sl1).

'After:completion of the initializing process,

~ the head eap.motor M3 is driven to open the head cap
15 while moniteriné rhe cap-mode sensor 8 by the MPU 2
(step Sﬁ).l.Monitoring the hoﬁe position sensor 7, the
'carriage motor M, is ériven'ro return the carriage C
W to the home position H (step S3). Then, monitorihg

the sensor 8, the cap motor M, is driven to close the
20 head cap to the head unit HU (step S4). Further, the
motor Mi ie driven to feee the'reeordingnpaper by ah_
amount-of; e.g., one line (step S5). After those |
proceeseg, the head unit Hﬁ is initialized.
in the initializing process, the preheating
25 process (ete§ sﬁ) of;the heed'enié HU is first sﬁarted.
Fig. 18 shows an example of the preheating

processing procedure for performing the.externaii




wi dt h, voltage,
be expl ai ned hereinlater.
in this manner,

the [err]

tenperature or not (step SH5). If YES, the preheating is finished.

Hing TS

“into the external heating node in step SH2.. I'n 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 perform.ng the 15 internal heating, the pul se

and frequency of the print output are’properly set as wll
After the preheating of the head has been started
a tenperature of thelddead unit 20 HU is checked to see if

tenperature of the head unit HU exceeds an upper- const ant

I f NO,

step SH6 follows and the - pneheatlng Is started and a check is nade to see-
ternal or

if a predetyuduingy ddm darmn

hPEEES. ATAS mdde i tahQ:T ﬁ]en t

‘internal heating(step SH6) If. YES i step SH6, nanely, e [err]
t enper at ur echéd G HEinadx P Su ks idta putseSwidth, emperature
even after- an:expiration of the predeterm ned tine, step SH7 follows. In

o/

step SH7, arddragend and s trighhefvethmmat wickimgdmyeaeiudio ddhagzont rol | er

10 to prevent the head frombeing thermally 5 -broken,

i nt er nal
stop the

const ant

10

15

hést iemg.t any timk dex@ppldedH ttHee hivad/ amits HU fnomedheof f t 0
external heating.  Nanely, in . thi's case, .the preheating is stopped

and t heS pr oddFld-exodfi-nEhieraby @ldawing sthep 1"@@14 rthlb@ grmratﬁﬁe upper

t erature [er
E‘\rrpthe ead[unrk HU. For the external heatlng, the

heater HTR prov1ded for the head unlt HU is used as a .

heatlng member and the drlver 14 is turned on by the

MPU 2, thereby heatlng the head unlt HU. The external

heatlng is started in step SHl and the head-unlt
controller 10 is set lnto the external heatlng mode in
step SH2. ; In the next step SH3, the print outputs of
all dots are set to “l": The-znternal heatlng is
started in step SH4. In the case of. performlng the
l1nternal heatlng, the pulse w1dth, voltage, and
frequency of the prlnt output are properly set as will
be explained hereznlater.' | -

. After the preheatlng of the head has been
started in this manner, a temperature of the head unlt
HU 1s ohecked to see if the'uppes temperature of the
head un1t HU exceedg“g?tgnstant temperature or not
(step SHS). If YES, the preheating is flnished. If
NO, step SHG follows and the preheatlng is started and
a check is made to see 1f a predetermlned trme has
passed after the start of the external or 1nterna1 '

heating (step SHG). If YES in step SHG, namely, when

the uppes-temperature does not exceed td!?:znstant

t hereby stopping.the



it IPReT i i g ke Unlt HU
(f'of exanple [efr]):“Vf“mrP e sequence -of ..t he.st.art. 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 predetermned tinme and the tenperature
distribution in the heat unit HU locally heated is averaged (step S6).
After an el apse of the predeterm ned standby time, the 20 prelimnary
emitting process is perforned (step SJ$3 Tn the case where the sudden
heati ng process was executed for the preheating at the time of turn-on of
the power supply, the standby tinme nay be set to a relatively long tinme. In
this case, it may be set to, 25 e.g., 500.-nsec. Fig. 19 shows an exanple
of \t he pre\|nFﬁBP9réhu¥e|ﬁgepra£ESs am dexpiiratidheofntisei on condition -
34 - 1is first set to the head-unit controller 10 in step SJ1. Then, the
print outputsP€$d§P¢nﬁbB%daﬁtm%fnStQP"$ﬂ7|fpblqmsEU21n $teptEH7 S8, the
print output is applied to the head unit  HU to enmt the ink. This 5
operation i s TPRARA P oFtop bhecinbennal heating ofs entitm thers due to

t he process S hereafter rocessing routine is returned to
step S10 in ﬁ%“éﬁ%dlér ‘fe@ﬂ'ijstqﬁ]qﬁ%dtf@%r heing rthammakint e, -
Narel 'y, tlge 'ﬂél{éﬂ' Zﬁ{&éﬁyocsetsospgﬁxrg the internal heating. In the

next step SH8, the driver 14 is turned off to stop the

L ' external heating. Namely, in thls case, the preheatlng
« is stopped and the proceﬁzz?g routine is. returned to
e step S6 in Fig. 17A. The[constant temperature en—the
10 *ggxae4ughhdenotes ‘the upper 11m1t Operatlng
temperature of the head unit HU (for example, 420 C).
It will be obvious that the sequence of the start and
stop of the external heating and internal heatiug may
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).
After an elapse of the predetermined staudby time, the
20 preliminary emitting process is performed (steé sJ).
In the case where the_sudden heating process was
executed for the preheaﬁiugﬁat the time of turn-on of ‘
the power supply, the standby time may be set to a '
relatively long time. 1In this caee, it may be eet te,
25 e.qg., 500 msec. o -
o _ . Fig. 19 shows an example of the prelzmxnary

emitting process procedure. The emission condition



.r:iﬁ:“ 2 !}thﬂi‘\'ﬂﬁg" i . *
he head unit HU TS finished in thls nanner

shifted to

’k :;-.‘c:.‘-;:tt dn . .
Then the'ﬁtot@dufé‘r§j
the print standby state fromthe host conputer. On-one hand,

t he specified number of emission times and the paraneters of the emi ssion
gondltlon can be properly set in accordance 15 wth the environnental

ondi ti ons

as wll be explained hereinafter. Wien a printing signal is

supplied fromthe host conputer in_tRg standby state of a printing signal

(step S10),

the print data is latched into the PPl 1 20 and transferred to

the line buffer RAM 3. A signal fromthe tenperature sensor TS provided
for the head unit HU is detected by the tenperature conparing device 15 and

a check |s
constant t

t t th | '
HRoFLEer et bo. the' Arpdrur] ﬁé?p?%&#essfféitné?eﬁ S1). 1t

YES, the h h t S12). Th w

t he con?ro? caprﬂgﬁ tﬂ? %ﬁ%éo?ﬁ qﬁff é?ég a (s Eﬁﬁﬂe %o pe??onnf

the prelim, gﬁ.{lyuengé og%st epg SQ!J.e% % 0 dlzé’%hfég‘}.‘ét t-_?set cont ra{y i f
_ fri he Fr enperature is

NO in step
| ower than
and then t
After the
condi tion
controller

10

dptsL ﬁd‘%cﬁ'i@tﬁé‘adt&?@@rﬁué&erh 5 ed (step S13)
he "preheati ng process teps SH; Qfer to gﬁgg”s per f or med.
Dperivist e f bed £6d PESH & ek inied &tm@é%f the em ssion
and the nunber of em ssion tinmes are further set to the

ehfisaicbr heimes due to the process in step SJ4. '
Thereafter, the processing routine is returned to step

$10 in Fig. 17A and tﬁe'apparatus'enters the print’ . \/
standby state. Namel§,:the'initia1i21ng process for .
the head unit HU is fiuished in this manner. Then,
the procedure 1s shlfted to the prlnt standby state

from the host computer. Oon one hand, the spec1f1ed c Q_J

_number of emission times and the parameters of the

15

emission conditionICan be properly set in accordance’
with the environmental conditions as will be eXplained
hereinafter{ |

When a'printingISignal'is“supplied from the ‘\2
hoSt'computer in the standby etate'of'a printing signal' |
(step §10), the prznt data is latched into the PPI 1
and transferred to the llne buffer RAM 3. A signal

~ from the'temperature sensor TS provided for the head

unit HU is detected by the temperature comparlng | )
device 15 and a check is made to see if the -dewer '
temperature is more”thah”izzgustant'temperature,'e.g;;.
higher than 20°C or not (step sll): If YES, the |

head—»cap motor M; is driven to open the cap (step S12).

.Then, the controller 10 is set to the ordinary prznting




10 - preli'mrnary €mission is perfornmed- (steps SJ; refer to Fig. 19). In this.
case, the standby tinme can be set to be shorter than the above-nentioned
sStandby tinme when the sudden heating such as at ttheitime of actuation of 15
the recording unit is not performed. "_The |ower constant tenperature [err]

" nmeans the lower limt opérating tenﬁéﬁitﬂe 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. Nanmely, the heating process is
not executed during the printing operation when the carriage notor [err] is
driven. 25 mode3go perfagui ttihen prelimisarynemissdons (skapbesalso perf or med
W t hout increasing an _electric power consunption in conjunction with the
printing pro&efex tosFdg.siP). NOweithe egntmgryheifo¥Ongnsstepesition of
the_carriage, when the noving directiqn is changed at both ends of the
novenent ran§@BSYrh¥heR it ds deterpipedatbat Shectevesstamperassreur ning

poi nts; therefore, the heati®“ff ocess nmay be executed at this tine. 10
After the stgp 1 perh 'ﬁbF ongy ttEQ%B?FﬂFPﬁﬁ'o??efS?Pekﬁnple, one

" e e, BRLe, 155 S B e kb LA p£51805 70 check
(steps SH; refer to Fig. 18) is performed. After the
standby state fof-the predete:mined time (step S15),
the emission conditign gnd the number of emission
times are.further sét to the controller 10.and the

10 preliminary emission is performed (sﬁeps_SJ; refer to
Fig. 19). | o -

In this case, the standby timé can be seﬁ to
be shortef than ﬁhé abqve-mentionéd standby time when
the sudden heating sﬁch as at the time 6f actuation of

- lower
15 the recording unit is not performed. Tthconstant

temperature ean—the—lewer—temporature—side means the

lower ;imit_operating temperatﬁre of the head unit HU.
o Next, the driver 14 is turned off to stop the
external heating (step 516) and the apparatus enters
20 the printiné state. Namelj,.the ﬁeating_process,is
not executed duriﬁg the prinﬁing operation when the

carriage motor M2 is driven.

25



Bl v FHES D 0 ”‘constant 1571 & eréiture or not  *
(step 821) | f--YES, st'ép U C1f"NO, the driver 14 is 'driven'to
performthe external heating (step S22) and then step S23 follows. That .
is, ‘a check is made to see if the [err] tenperature of the head uhit HUis
(nure than 20 the upper constant tenperature or not (step S23). |If VYES,
the external heating is imediately stopped (step S25). If NO the
apparatus stands by for a pre- dejermned time (e.g., 200 nmsec) (step S24)
and thereafter the external heating is stopped (step 25 S25). Next, as
shown in Fig. 17B, the paper feed notor [err] is driven to feed the paper
(step S30) - 37 - 1 and -processes in steps S31 and S32 simlar to t hose
in steps S21 and S22 are executed ard,. then step S40 foll ows Nanely, the
interndl tinmer |s]t‘hr"r?é?’j’l Ty e %&%P%fe%l@q%%deto see i f thei
print 5 d ta ha]H?een ed in the PPl 1 within. a re- determned tine
(for exa %‘ﬁtdsﬁnctﬁe?ﬁ):tn?s?‘e % thd S41). If YES, step

rternal X Fﬁé%ﬁt% Aol bl e ithelda G 2L0 {0
returnth% %Qttéi,tg%hor}@d g (stepéSArfeo g Then, the cap:

not or [er |ven to close the ¢ and t e processi ng
routing i %ﬂe&tdtrﬂﬁd o) t‘-HeeR:arrJ.age, when the mov:.ng direction

is changed at both ends of the movement range of
the carrlage, the carrlage C once stops at these -
turning p01nts- therefore, the heatlng process may
be executed at this time. ' | ' | o
10 o After the start of the prlntlng, when the
prlntlng of for example, one llne is carrled out
and the carrlage motor M2 stops (step 820), a
check is then made to see if the Lower temperature
of the head unzt HU is more than thelconstant
15 temperature or not (step s21). If YES, step 522
follows. If NO, the driver l4_is driven”to perform
the external heating (step 322)'and then step S23 =
% follows. That is, a check is made to see if the :
| | -appee-temperature:of the head unit HU is more than
20 th;zzg;stantdtemperature or not (step s23). If YES,
the external heating is immediately stopped (step
S25). 1If No; the apparatus stands by for a pre-
determzned time (e.g., 200 msec) (step 824) and
thereafterxr the external heating is stopped (step
95 S25). '
' Next, as shown in Fxg. 17B the paper
feed motor “1 is driven to feed the paper (step S30)



.S10°i,n Fig. 17A. 15 ~ In this manner, according to this enbodi-
ment, after the preheating process has been executed, the prelimnary
_ethting process to emt the liquid droplets which are not used for the
récording is carried out. Thus, the recording interruption or 20 stop

I nterval becones very |ong and even+4 B7%t ke case where the viscosity of the
recording liquid remarkably increases due to the evaporation of the sol vent
conponent as well, the emtting operation upon printing can be optim zed.
That is, the 25 portion of a high viscosity of the recording liquid is
first heatéd &ﬁﬁws&%%tﬁ%ﬁfﬁ)%@%ﬁq Sdmid@ze ty FhoSencr eases,

so that the vi,scosit 3 the recording liquid is reduced to a val ue
such that the® ec!’ysd%r(?&t &'Edacs}r? fFe fXacte )?”guﬁg’éﬁhé’iﬁ?ysﬁirfor m ng |
t he prelimnar LJtin ssJd.n this state the recording liquid in
thi€ portion ifg’lgrga}rsa‘i neg?'{eg‘%ﬁhéhc?utl r]:&;n FEeE G ufﬁ‘&ﬁn%n | CH, so that
the recordi ngupk gsid | SR i 1.3 Wi Lhi _ nge.syi table to
emt is suppl ib_?dq?% t}%gélport | (ﬁl)‘:rll{egacr%sg%eé%et t%iongs_ Qeg'tfgrth%frg’gﬁ l“:t hereafter
the good et gakg Had!l Beth 1M dHAP Y Hhel Brr 10Witniin dephyed. To confirm

stability of this emtting state, the applicant of this application has
perfornmed thedeteraiined ®iRR (T exanipies’ wikhinUFile aeocadsqdi nent ]
or not (steps_s40 and S41). If YES, step 816 in
Fig. 17A follows. If NO, the driver 14 is turned
L,/ off to stop the external heating (step S42). The
10 carriage motor M2 is driven to return the carriage
C to the home position H (step S43). Then, the cap

motor M3 is driven to close the cap (step S44)

and the processing routine is returned to step "

L
S10 in Fig. 17A.

15 In this manner, according to this embodi-
ment, after the preheating process has been executed,
the preliminary emitting process to emit the liquid

L/: droplets which are not.used for the recérding.is

carried out. Thus, the recording interruption or

90 stop interval becomes very long and even in the case
where the viscosity of the recording liquid
remarkably increases due to the evaporation of the
solvent component as well, the emitting operation .
upoh_printing can be optimized. That is, the

95 portion of a high viscosity of_the-éecording liquid
is first heated due to the preheating process and

its temperature increases, so that the viscosity of



The ink-jet printer according to this 15 enbodi ment having the recording.
head unit as shown in Fig. 15B was used, in which twenty-four erifices (a
di aneter of each orifice is 50 x 40 pm) are vertically arranged in a |line

(at regular intervals of 0.141 mmin the recording head unit. This 20
recordi ng apparatus was filled w th 3ghe recording |iquid containing the
follow ng conpositions. At the restart of the recording after an expiration
of the recording interrupti-on period of twelve hours under circunstances at
[err] and 30 %RH, the signal 25 of a voltage 23.5 V, a pulse width 5 [err],
and. a fréqudhey reFonding dtimpid ckp tlﬁﬁ‘i‘mﬁgn‘iq t8 i et egchETtRdden t he

. preheating s perfarnmed. Next, the -39- 1 signal of a voltage 23.5 V,
a pul se w dit elg’ﬁé"rltd] draniets (AR R PP EERA o B AHRSRAYPEHE enitti ng

heat ET b t . of h d | 1hereb ntii fhe liquid '

dropl et's whPER ESFENG the Pttt Sty {08, STARaRR 1y SR atus
di t f LvVe. eSS f t ' i nterrupti

vl uat 60 by Reeeu sy SRR P e P A A, S ot e tred

in respopsegrd b teceHd %t%ﬁ@lofjg:ltﬂnég J%]iggzeﬂicﬂﬂé}ufgloq S g the 10

recording liquid for use in the recor ! een emtte ?ron1a!| of
twenty-four taaitl ithes reborditig|1iduwid O Widdbshial) &£l whlith conposi tions of
the recording liquid : _
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 ekperiments.

[Experiment using the embodiment]

The ink-jet printer according to this \fJ
15 embodiment-having-the recording head unit as shown
"in Fig. 15B was ﬁsed, in which twenty-four orifices.
(a diameter of each orifice is 50 x 40 pm) are
i vertically arranged in a line at regular intervals ),

of 0.141 mm. in thé.recording head unit. This

g0 recording apparatus was filled with the recording
ligquid containing the following compositions.' At
the restartwof'the-recording after-an*expiration“of'
the recording interruption period of twelve hours
under circumstances- at 25fC'ahd 30 $RH, the signal -

25 ©Of a voltage 23;5.V, a pulse widthfs psec, and a
frequency 10 kHz was’appliéd'to-the emitting heater

. ET when the preheating was performed. Next, the



“used for.recording are as follows. 15 C.l. direct black 19 ..... 2
wei ght part Diethylene glycol — ..... 30 wei ght part Water

... 70 weight part [Experinent using the conparison exanple] The
récordi ng apparatus having a constitu- 20 tion simlar to the enbodi nent
and in which only an el €ctrical signal3o-enmt recording liquid droplets
for use in recording is applied to the emitting heater upon recordi ng was
used. This recording apparatus was filled with the above- 25 nenti oned
recording | after an expiration of

iqui,d. _At th tart Qf th di .
t he recordi%ggz‘"ﬁf’&]‘r Qft Fgﬁ'r"g's&ﬁ%d z(c)?f"s[ \Mgl \r?gcpr'l’aﬁor Iregg’&ﬂ&é‘r'm psggs 1
[ t 0.9 |y the.electrical si. | of | t
53 €'V o pui 888, SocremiaReY, 2 Rele YR APKLR ® kR epifiipa quia o
dropl ets was ﬁQQltb‘idg.troby‘Sne lun®d Jzeal ?{%m%r%ﬁd gekSCehdLag vas
perforned. The recordi ng-apparatus after the FecoPding i'nterruption with

regard to theedet@qhigVen8Maghdd WadpibdsUdnitn ard Hsen%_%_ggi gplar to the

experiment using the enmbodinent. The result i's shown in e 1. 10 Table
1 The nunber ekcbirding.dr hkeirécordRagl appattatiisC tegh®diay Rkt ted until

nterrup- defective emissioﬁ after the recording interruption
was evaluated by measuring the number of liquid
droplets which were not emitted in.response to the
N recording signal until the liquid droplets of the
10 recording liquid fof use in the recording-have
béen emitted from all of twenty-four orifices.

The_result'is shown in Table 1.

The compositions of the recording liquid

~ used for reCording are as follows.
15 _ C.I. direct black 19 ..... 2 weight part
Diethylene glycol P 1 ¢ weight part
Water . *eeees 70 weight part
{J{ [Experiment using the comparison example] .

_ The recording apparatus having a constitu-
20 tion similar to the embodiment and in which only -
an electricél_signal to éﬁit'recording 1iquid
droplets for use in recording is_applied to the
emitting heater.upon iecording Was.used. This
récording ﬁpparatus was filled with the above- -
95 mentioned recording liquid. At'the'restart-of the
recording after an expiration of the recording

interruption period of twelve hours under -



the liquid droplets are emtted tion 15 fromall of 24 ori-fices
period time Enbodi- nent 0 . 12 20
npa- The liquid droplets were not rison emtted fromtw of 24
2 example orifices. It will be understood from Table 1 that 25 even at the
restart of the recording after the ®l49se of such a particularly |ong
recording interruption or stop period, the good and stable -41- 1 -
enitting state of liquid droplets can be almays obt ai ned. Next, expl anation

i1 d h f th I
&:dth SH?fEe%%%ﬁﬁég g&%ﬁgﬁttgscéeﬂPdnﬁg %F °8$¥pﬁ tﬁastge ;rghggt?ﬁg
process and Q%ﬁéég}ggg%lng #&ing 5088? h§3d§goee ogagg I ation of the

vi scosity of e recor |qU| exl s |n i n~fhe rlqu channel | CH,

particul arly, Ngek i@québflgﬁa gFggéggék g pr Qgrraaggsydue to the - \.J_

recording inter- rupti‘on of stop peri I Vi ers in dependence
on the characif§#§a 8?1&@6 WRB2aaphysedththe Hﬁﬁétlhaehéﬁiéfca| property
I'ng .

of the record Iquid, the environnmental conditions such as
5 and,the recq:d;ng was performed. The recording '
apparatus.aftér the recording interruption with

regardzto,the_defective:emiséion wasyevaluatedfin

a manner similar to the experiment using the

embodiment. The result is shown in Table 1. - \e/
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
(" Embodi- . o _ - -
‘ment ' 0 ' 12 ),
20 Compa- |The liquid droplets were not
rison emitted from two of 24 .H._;.__13~
example'orifices.

It will be understood'from.Tablegl that
95 even at the restart of the recording after the
elapse of such a particularly long recording

intgrruptibn or stop period, the good and stable



tenperature, humdity, and the like of the |ocation where the apparatus is"
install ed and used, and the like. Thus, the paraneters of the print output
i.n fhe preheating process, particularly, 20 in the internal heating
précess are suitably selected in accordance with the individual apparatuses
and their use conditions.” On one hand; 4he signal which is supplied to the
emtting heater ET in the prelimnary 25 emtting process is applied under
the conditions such that the recording |iquid whose viscosity is out of a
range suitabl e §Ri€Pihql b 08 O3 3 qus t ing can be
emtted andhreﬁ%veﬁe%%gtﬁga%%ggfd%l%?léﬁ%r€§g€+§'gﬁggﬁgléfﬁﬁﬁgFUrther, t he
nunber of em ssoiwbain®®s in the prelimnary emtting process can be vari-ed
in 5 accordance with the environnmental conditions at that tinme, thereby
enabling the process toNdet oféxplamat jore il s Mmade witi .

el ectrical signal which is applied to the emtting heater ET. In this 10
diagram [err] tenhessetting oo tiwel peraneters @fl e pullde widhan, t he
signal is supplied to the emtting heater ET in the preheating process, if
bubbl es ar e 5pr ctRREELRER. tVOltRghcRtOg, of the pripit dwtputociurred the case

where the subsequent enissjon of 15 liquid droplets becomes unstable or no .
droplet is the preheating process and preliminary emitting =

process.
Thg degree of deviation pf the viscosity
U of the recording liquid existing iﬁ the liquid
10 chénnel_ICH, particularly, near the orifices OR
from the proper range due to the recording inter-
ruption or sfop period individually_diffgrs_in

dependencg on_the characteristic of the apparatus

which is used, the physical property_of_the record-
15 ing 1iquid, the'environmental conditions such as
temperature, humidity, and the like of the
location whgre_the apparatus is installed and
L, used, and'the likg.: Thus, the parameters of the

pfint output in.the preheat%ng_procgss, partiqularly,
26 in the internal heating process are suitably
selected in accordance with the individual
apbaratuses And their use.conditions. |
On one hand, the signal which is éupplied
to the emitting heater ET in the preliminary
o5 emitting process is applied undér éhe.conditions
such that the recording liquid whose vis¢091;y is

out of a range suitable to emit the liquid

o —————— g e i



emtted’in the worst case. Therefore, the electrical signal which is
applied to the emtting heater ET upon preheating nust lie within a range
such as not to produce any bubble on the emtting-20 heater ET. On the -
dzher.hand, since those preheating processes are set when the power supply
of the printer is turned on and when4ghe printing is ‘started, the
preheating is fairly frequently 25 executed. Therefore, the deterioration
in durability of the emtting heater ET due to those preheating processes
must be avoided. The inventors - -43- 1 of this application-have studied
t he durabill i tdreplets epontfegohdingr canr bpecemihtedecandi repoved (W which
is applied to the emtting heater ET was keg; constant and the pul se width
[err] and api9 cethe Qaks ?€rthe higuid ebapnelnECHr ocesses using the
emtting heater ET were changed. Thus, it was.confirned that the durabil ity
of the heater ET is ifHFtReR. sthe npupbex of; epLssioR| tIM@SapPl i ed vol t age
[err] are small, 10, .. . ~On.ihe otherchand.'thﬁ?tine.rgqUired to heat
t he head unit qﬁJQ?)%ﬁT&ﬂﬁ$%dFT% Epd PFRCPES (&RR, h%ﬁrb? the electric
power (W gwhich, | gfi 0, %e' 0 LLing - heat 2 . jer, as the
act ual persfora?mé}_:nc%:%d%ﬁ)‘p h"g:'('i'ilrclacté)ltrl i%ﬁ%%%%’?%’i‘ﬁg,f géngll%l?lls;p\é\%gl rabl e that the
‘tinme needed widd ¢{ife, thereby enabling the process to be
efficienfly executed. |
Fig. 20 shows an electrical sighai which
is applied to the emitting heater ET. In this
10 diagrém;'vo denotés a voltage and Wi is a pulse
width. When the signal is supplied to the emitting
heatef‘ET in the preheating process, if bubbles are
produced due to the heating, fhére'mighf have ' \“)
occurred the case where the subsequent emission of
15 1liguid droplets becomes unétable'dr no droplet is
emitted in the worst case. Therefore, the
electrical signal which is applied to the emitting
{ heater ET upon préhéating'mhst lie within a range \;
such as not to produce any bubble on the emitting
20 heater ET. | |
On the 6thér"hand,'siﬁ¢é'fhose'pfehéating'
processes are set when the pbwér'ﬁupply_Of the
printer is:turned'on'and”when'the'pfinting is
started, the preheating is fairly frequently
25 executed;' Therefore, the deterioration in
dufability of the emitting heater ET due to those |

preheating’bfdééééés:must be avoided. The inventors



printing is started, nanely, the waiting time is as short as possible. In
spite of such a.purpose, it is undesira- ble to thoughtlessly increase the
vo|tage which is 20 applied. to the emtting heater ET in terns of the
“dyrability of the heater as nentioned above. Further, since the production
of a bubble on the emtting heater E¥ apoxn preheating causes the subsequent
defective printing state or non- 25 emssion, it is difficult to increase
the pulse width as well. Therefore, to raise the tenperature of the -44-
heat unit to a desired tenperature for a short time and within a range such
t hat the prleheefi thipr appdicatdonnbavensitudied the durability off t he
emtting heater ET and no bubble is produced on the heater, 5 it is
effective to i ibeeendttingf heatemc ETowhencanl edecktrit powaal (Which is
supplied to the enmitting heater ET. Fig. 21 shows an exanple of the

reMdti on bet webhifReisi ApPirAute) thademistingdheatiper Bfuwas10 [err], in
whi ch the frequency of the preheating signal which is_applied_to the

em tting heate#eg? Fongtaptaang fhe pulspe wifdghi Wi sagdapBPéiedne appl i ed
voltage [err] was.set to 24 the pulse width w. was set to 5 [err], and
the frequercy KggtggF to 18 ¥Bekﬁf?R§?§2?gaﬁﬁ°§ﬁ§ﬁ9sTﬁﬁlﬂgagh?enperature

was emitting heater ET were changed. Thus,'it was

confirmed that the durability of the heater ET
is_improved as the pulse width w, and appliéd
N voltage v, are small.
10 - 'On’ the other hand, the time required to
'heat the head unit HU to a desired témperétﬁre ié
determined by the electric power (W) which is

applied to the emitting heater ET. However, as

the actual performance of the recording appafatus;
15 it is desirable that the time needed until the
printing is started, namely, the waiting time is
as short as possible.
Y -~ ' In spite of such a purpose, it is undesira-

ble to thoughtlessly increase the voltage which is
20 applied to the emitting heater ET in terms of fhé
durability of the heater as mentioned above.
-Further. since the production of a bubble on the
emitting-heatér*BT upon preheating causes the |
subsequent defective printing State_ot'non-'
95 emission, it is difficult to increa;e the pulse

width as well.

Therefore, to raise the temperature of the



detected by the tenperature sensor TS. The applicant of this applicat:ion.
has perfornmed the foll ow ng two experinents by changing the valtage, pulse
w dth, and frequency fromthe 20 viewpoints nenti.oned above. (Exanple 1)
Che ink-jet printer according to the enbodi nent having the nozzle unit NZ
as shown in Fig. 15B in which twenty+4fgowr orifices (a dianeter 25 of each
orifice is 50 x 40 [err]) are vertically arranged in a line at regular
intervals of 0.141 mmwas used. The recording apparatus was filled with
-45- 1 the recording, | jquid.havin onpositions simlar tgo the above. The
£t 9, femp

elec;ricdi_s?ﬁﬂ | A Pl PEEITS REBEYRG . (FO%: & SBPTIndd™e he |
prosence. and Xbaaehi @ Baifed Alth (Eabl e e e Eindlbettg t8ee: vi ng on
Tabl o 3 10 o HoE 1RPLbERce LARPRGRRE LLAENT L i) el IBY 16 Vol age
Frequency ﬁé&éékyﬁﬁtﬂh&4n3’bqbbiektg proQucéa,LﬁrEhelﬁeatér,m
5 if'is_efféctive to increase the frequency of the
électriéal signal_whicﬁ is supplied to the emitting
heater_ET. | |

Fig._Zl,shows gn_example_of the relation

—

between the time (minute) and the headitemperature v

10 '(°C), in yhiqh_the frequency of the preheating
signal whi@h_is_app;ied:to“the emitting heater ET -
is used.as quérémete:. In this example, fhe
applied“vo;tage Vo Was set to 24 .V, the pulse width \;)
w; was set to 5 msec, and the frequency was set to

15 10 kHz, 5kHz,_gnd_2kHzt .The head tempgrature_was
detected.by thg:tegperature sensor TS.

The applicant of this application has

( pe;formgd'thg_follqwing_two experiments by changing _1\;
the vo;gage, pulse_wiﬂth,,andereQuency;from;the-

20 Qiewpoints mgptiopgd above.
(Example 1)__ _ )

| _?hg‘ipkejet.pringe: according to the

embodiment_haviqg_the_pqzzle unitJNz;aé,shown_in' o
Fig. 15B in wpicp tygﬁty-fpur:orifices (a;diametef

25 ©f each orifice is 50 x 40me)_é:guégrticallyq,.
arranged in a line at regular intervals of 0.141 mm

was used. The ;gcqrding apparatus wa#,filled_with

et - - ———- A ——————e b =



‘AppIYingfconditions when preheating Vol - Frequen- Pulse Applying

Production of tage cy w dt h tinme bubbl es on the heater 26V
3.4 kHz 5.0[err] 15s . Bubbl es were produced 20 24V 2.7 kHz
7.5[err] 15s Bubbl es were produced 24V 10 kHz 2.0[err] 15s

No bubble 15V 5.0 kHz *10[err] t545 - No bubble 10V 11.6 kHz
10[err] 15s No bubbl e 25 (These conditions are determ ned by
setting the electric power consunption constant.) -46- (Example 2) The
ink-jet pripte I ; e ; el r.di appar at us
vas Tilled hitEiehas rbgggtﬁgiggl?%%hi 5‘%&%@3?&?‘%&5%2#’% 365‘?26 5 L9

conposi tions. thecadovedl whe anekiredchd ignall WasNGuppatiea E6 under the
conditions as shown in Table 3. The preheating processes were repeated to

ex“q;g‘ ne the dutaki bmtiytdhgt heateat BT bhderTlther eonditiionghawn in Table 3.
10 Tabl e 3 Preheating Vol tage Frequency Pul se Applying Nunber Nunber
shown in Table 2 and the preheating was performed.
5 Presence and absence of production of
bubbles_were checked by observing on the heater

using an optical microscope. The result is shown

in Table 2. N _ . .
L Table 2
10 _ Applying conditions
when recording
Voltage Frequency Pulse
: width
N ' ' ' 24 V | 2 kHz | 10 us
15
Applying conditions when preheating
Vol- | Frequen- | Pulse | Applying | Production of
: tage ¢y | width time bubbles on
{ ; . : the heater
R . .
26V | 3.7 kHz {5.0us 15 | Bubbles were
: . _ - produced
20 _ , o '
24V | 2.7 kHz |7.5us 15s Bubbles were
o _ produced
24V 10 kHz [2.0us 15s No bubble
15v | 5.0 kHz | lous | 15s No bubble
lov |11.6 kHz 10us 15s . No bubble
25 (These conditions are determined by setting .

the electric power consumpﬁion constant.)

1 G



width - time of re- of dis-
heat er 24V 10 kHz 2.0[err]
10[err] ditto ditto

fitto Nil It will

the el ectrical signa

pre-
el ectri cal

experiments by

si gnal

47 -

petition connec- tines
15 sec [err]
Nil 20 10V 11.6 kHz

tion of the .
5.0 kHz

Ni | 15V
10[ er

r] ditto

which is suppl4dGed-to the emtti'ng heater ET in the

it has been- found that

be understood from Table 3 that the pul Se width of

25 heating processes is preferably set to be smaller than that of the
upon recording. As the result of further detailed
1 the present applicant,

it

i s desired ttExamplec2pul se width to be a mndth within a range of 1 to 1/20

o/

of the pulse width ugon recordi ng ¢ 1 dghtlon WA|| be
aPprSS:g;Fd thﬁ;|lt ke p%@FeﬂﬁBl r?Bt§€¥:§ﬂg QPFFE §8WP&52T fntPﬁ

el ec i i e
prehegtlng pf’ %§e§§% ?Bd h§q§§F°ﬁalPsmBPPFﬁa UPhE ﬁpgﬁﬁgadvoltage upon
recor 10 h I I
CTanal 10 PEBP chie FRECEALNE, 1184 °kbhEA hifa FRE BAEKSBRRLTD O PO 8

the tirmagfxﬁ%ﬁﬁgsieioﬂg?tV@ﬂecgﬂghﬁlrﬁgﬂcﬁﬂplled to the

10

15

20

25

emitting heater ET under the conditions as shown

in Table 3. ‘The preheating processes were repeated
to examine the durability of the heater ET. The
result is shown in Table 3.
Table 3”
Preheating:
Voltage | Frequency Pnlée Applying Nﬁmber Number
: ' width| time of re- of dis-
petition|connec-
times tion
_ of the
: heater
- | N L .5 .
24V 10 kHz | 2.0ps|15 sec 10 Nil
15V-- ” 5.0 kHz 10psjditto ]ditto Nil
10v | 11.6 kHz | 1lgus|ditto  |ditto Nil

“ It will be undersgood;frOm Table 3 that the

pulse width of the electrical signal which is

suppliéd’fo'the emitting heater ET in the'pré9

heating processés-is'preferably set to be smaller

than that of the electiical -sighal upon recording.

As the result of further detailed experiments by



*Those paranmeters and the nunber of pulses 15 can be very easily set by
using the controller 10 as nentioned above. The emi ssion condition in the
‘prglimnary emtting processes will then be explained. In the case where
“thg recording has been 20 interrupted or stopped for a long tinme, the
viscosi- ty of the ink remaining in_agg near. the orifices OR increases due
to the evaporation of the water and valatile organic solvent and the |iKke,
so that the ink is less likely to be emtted. Al though the 25 viscosity of
the residual ink can be reduced due to the above-nentioned preheating
processes, ltsthespoesénti appliybant} hth hae bednf found €wat it- 18-
recordi ng and the sizes, speeds, and the like of the liquid droplets differ
and this resi ddesired te sepribperpbdsereidthi vg.bdhareidtlr, in this
enbodi ment, the prelimnary emssion is carried 5 out subsequent to the
prefieati ng. UpWhthirv|anrange efi l1ttoglR0cetstie pybse kidth maponl way's
emtted in response to the first pulse of the signal which is applied to
the emtting HERE@FAEATat that time. Therefore, by increasing 10 the energy
of the signal upon prelimpary,emssion than the energy.of the signal upon
printing artd by vary!nﬁ“tﬂ@g%%+??frift7_ ﬁﬁea%ERﬁ QEQWFWFﬁfﬂ§
environnent al f§"§¥éf§§§bléh€otégP Eﬁé”g£§ikéé"voltage of the
electrical signal which is supplied to the emitting
heater ET in the preheating processes to be equal
N or lower than the applied voltage upon recording.
10 : : Moreover, 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.

Those parameters and the number of pulses
15 can be very easily set by using the controller 10
as mentioned above.
The emission condition in the preliminary
i~/ emitting processes will then be explained.

In the case where the recording has been

20 inter:uéted or stopped foi a long time, the viscosi-
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

.25 viscosity of the residual ink can b;'reduced due
to the aone-mentioned-preheating processes, its

viscosity is higher than the ink fitted for



the prelim
can be rea

nary em ssion can be reduced and a high 15 efficient em ssion
| zed. The increase in the energy of the signal upon prelimnary

" eni ssion may be acconplished by practically increasing the voltage and/ or
pul se width than those upon recording. Nanely, assuming 20 that the voltage
and pul se width of the signal whichyigs _applied to the emtting heater. ET

upon printi

ng are respectively 24 V and 10 [err], the voltage and/ or pul se

wi dth of the signal upon prelimnary em ssion nay be set to be larger than
t hose values. 25 According to the experinents by the present applicant, the
good resyl t ragording and when stilzes,olspeedsyaansiettheo likeoE to five tines,

preferably,

- 49 1 one to two tines larger than that upon printing and -

the pul se webehliguidi dewpietsediffese ande thi sf ings iduads ind ef erabl y, one

to two tines larger than that upon printing. 5

emtting ti
t he nunber

&8, impropegcfiorapesording. ¢ Fherefiore ofifeRdS on tinmes, nanely,

of pulses in accordance wth the environnental conditions.

Accordi ng t emPRAimepE. Hhe PUQLITHDANY. £IHSSIAN 18 /BT 538 he pre- 10
limnary em ssion_(steps sybsequent taq step S6 in Fig. 17A) before the
start of5th@Whr FHP&H&U%P@E%# etﬂ?"r?— t3™9he power supply, when 100 to

150 pul ses

10

15

20

were aPphE%g_%&éfT%fﬂgf§iéﬁié%%ﬂﬁybrocesses,=the-
ink is dot always emitted in response to the first
pﬁlse of the signal which is applied to the emitting
heater ET at that time. Therefore, by increasing
the energy of the signal upoh preliminary emission
than the energy of the signal upon printing and by

varying the emitting time in accordance with the

‘environmental conditions, the time required for W

the preliminary emission can be reduced and a high
efficient emission can be realized.
The increase in the energy of the signal

upon_prelimina;y_emission may be accomplished by

practically increasing the voltage and/or pulse \_)

width than those upon recording. Namely, assuming
that the voltage'and[pulse width of the signal which
is applied to the emitting heater ET upon printing
are respectively 24.V and 10 msec, the voltége'and/
or.pulse width-of;the signal upon. preliminary
emission may be set to be-lérger than thdse values.
According to. the experiments by the.present
applicant, thé.good=resu1t was obtained when the

voltage was-sétito be one to five times, preferably, :

Wth respect to tke

%



"ET, @ good priming quality could be derived after 15 that. After the
start of the printing, the viscosity of the ink is high at |ow tenperatures
.and the emssion is nore difficult to become stable as conpared with the
t high-tenpera- tures; therefore; it is preferable to properly- 20
set.the nunber of ink em ssion tinmes. ,Atcording-to the experinents by the

case

present applicant, in the prelihinaFy43

nission when the [err] tenperature

is nmore than the | ower constant tenperature (e.g., [err]) (when YES in step
S11 in Fig.
obt ai ned when oHe ttd Hed U Hfss ES g PEhAS £ivat NpdtTigdintaipdd ET. On
in the -50- 1 prelimnary em ssion when the [err]
t enperat ure i *HeoArlddandtle v st Bdwissnssntts od Wih d¥Ofivest ep S11),
the stable em ssion was derived when 50 to 100 pul ses were applied to the

the contrary,

heat er

emtting processes can be also easily set by using the controller
i ncreasing the burden of the MPU 2. 10 : On the ot her hand,

and is prelimpar,i
al so changed

ET.

10

15

20

17A),

_ax)and clearlty ber, 2
desirable to set the number of emission times,

namely, the number of pulses'in adcofdance with the
environmental conditions. According to the
experiments by the present applicant, in the pre-
liminary emission (steps SJ sqbsequeﬁt to step S6
in Fig. 17A) before the start of the prihting

after the turn-on of the power supply,'wheﬁ 100

to 150 pulses were appliéd to the'emitfing heater
ET, a good printing quality could be derived after
that. After the start of the printing, the
viscosity of the ink is high af low temperatures
and the emission is more diféicult to'become

stab;e as compared with the'case at high tempera-
tures; therefore, it is preferable to properly
set the number of ink emission fimes. According
to the experiments by the preéent applicant;'in

the préliminary emission when the dewen-
temperature is more than thelponstant temperature
(e.g., 20°C) (when YES in step S11 in Fig. 17a), it
has been confirmed that the stable emission was
obtained when 20 to 50 pulses were applied to the

emitting heater ET. On the contrary, in the

5 times, prEfemblys) one dialitwonsines tllaagerpthan | M nary

it 25 has been confirmed that the stable em ssion was

10 upon

processi ng. Th&al oweds@x igdring. properly executed at a high speed without
if the

regi on whefe the prinfthh&ensraaty to the srittdmgntimei,s igsdg is linited

known, the nunber of em ssion tines

can be



Jfor every region. - For exanple, in the region at 15 a high tenperature and .
at a 'ow humdity, the tenperature i,s always high and the ink-is remarkably
dri ed. Therefore, an anount of preI|n1nary eni ssi on on the upper
tﬁnperature side is increased than that on the |ower tenperature 'side to
_st'abilize the 20 em ssion of the_i®glg. -Al so, by ehangi ng the above-
mentioned nuneric val ues of the nunber of em ssion tines, the stable ink

em ssion can be derived. Al though the ink-jet printer of the type in which
the head unit is nounted on the carriage 25 has been described in this
enbodi nentprehmpnesznemiaséqni whensthet Towedt temperatise bis may be
apparently applied to t {gstnk-jet printer of what -51- is called a

full -multilewere thanht gppsﬁ#atut9m9erﬁéaneuhvh%nam@ #ranged in the
direction of width of t recordi ng paper. In_addition, the respective \J

paraneters??ﬁ?rﬁ%%é'pFEﬂeﬁFthepPH&§§§9§ WAs @%EFY%Qﬁﬂk?Qvé paraneters and
t he nunber @ %on tines in the_pre H1nar %#lng processes have
been set |FPeﬂ: rB%hERS Wehet ARP éﬁﬂeFatE g B Eﬁ¥| as nmentioned in the
enmbodi nent. Howev t he. 10. |nventég not g|n1ted to this nethod but can

be al s@ appl i ed tg*?% ﬂ%?ﬁ%ﬂnmﬁgP yfo?%rlﬁx ?ﬁﬁe Pt%ose paraneters and
t he nunberlﬂﬁir?ﬂf%rﬁﬁtéiﬂssgfégeégés'_Qaﬁoﬁé’:rgfé'& e él%_i-f&tg@t envi ronnent al

by using the gong;q;;er 10 upon processing. The
processes can_belpropg:ly executed at a high speed
without ipg:easihg'the_burden of the MPU 2.
10 on the other hand, .if the region where the
printer acgo:ding_tg this embodiment is used is
- limited and is_pfeliminarily and clearly known,
the number of emission:times.can be.also changed . : \;)
for every region. For-example.'ih.the region at |
15 @ high tempe;ature_and at a low humidity, the
temperature is always_high'and the ink is remarkably
dried. Thefefore, an amount of preliminary emission
on the upper temperatgre side is increased fhan ' W
that on the lower témpe:ature.side to stabilize. the:
90 emission qf_thé ink. Also, by changing the .above-
mentioned numeric values of the number of_emission
times, the stable ink eﬁ;ssion can be derived.
Although the ink-jet printer of the type
in which thefhead unit is mounted on the carriage
25 has been described in this gmbodimént, the present
inventiqq.isFnot 1imited:to this but may be

apparently applied to the ink-jet printer,of-what-



condi ti‘ons such as humidity, pressure, or the like. 15 Mor eover

al t hough the el ectrothermal energy converting device was .used as the

£ni sgion energy generating nmeans in this enbodinent; for exanple, a

pi ezdel ectric el ement may be used. As described above, [err] 20

[err], before the start of the printgmng after the turn-on of the power
supply, the proper em ssion condition is set to the head-unit controller
and the prelimnary emtting processes are perforned. Therefore, there is
an effect 25 such_that it is possible to realize a |iquid- discharge

recor di ng! app8r Seddefnapkvdd-madtiotryigr dncWRish & PPPralityaff t he
printing state -52- 1 can be pronptly and easily optimzed. In
addition, th eﬁﬁp&?éfﬁsaﬁﬁsﬁrﬁﬁgggﬁ ggf&ﬁ? gﬁﬁﬁcFﬁﬁg PheVtdtlsi on condition

cag pe easilyechanoedsoRatle'Bapdr?® 5%
| In addition, the respective parameters
5 in the preheating processes and the respective
parameters and the number of emission times in
the preliminary emitting processes have béen set
in accordance with the temperature condition as
N 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

U,
conditions such as humidity, pressure, or the like.
15 Moreover, although the electrothermal
energy converting device was used as the emission
energy generating means in this embodiment; for
('\-) o example,.a piezoelectric elemént may be used.

As described above, asceerding—te—the—

o0 -Preseat—inventien, before the start of the printing
after the turn-~on 6f the power supply, the proper
emission 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

software can be simplified and the printing state



CLAI M5 1. A | i qui d-di scharge- - recordi-ng - apparatus, conprising: 5
a 1'iqui d-di scharge recording unit having em ssion energy -generating
RS responsive to an electrical drive signal to inpart energy to.a
rec@rding liquid to forma flying droplet which is emtted fromthe
recording unit for. deposit on-a reed¥2li-nhg material; 10 recordi-ng . unit
controlling neans arranged to supply said drive S|gnal in response to
i nput of a recording signal; heating neans provided in the recording unit
for heating the recordin I|qU|d 15 capping neans operable to cap

~ the recofdi fgRulier prm nﬁ"@l edsdly optimdizedi.o allow the heating neans
;gzgé%ss

to operate prior recordl when an environnenta
condition is |nprop§ PGP é@ﬂwdl alsp bAs 88se where a .
recording.s ied.wthin a deternln d period of tine \(J

after a preéggﬁgtrggg H@ipggfeEElsF&°8aﬁ§B &°ReSPPn8®neans to stop and

to cause th s to cap the recording unit. 25 2. An apparatus as
claimed in %F%?ﬁ&iggWEggg i'n the "-54- environnental condition is a

tenperatgre of the recording |iquid.

o/
10 |
K
15
o/
20

25
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3. An apparatus as claimed in cIa|n11 or 2, wherein 5 t he control
means is further operable to cause a drjve signal to be supplied to the
Eecoreing uni't to cause prelinmnary enission irrelevant to recording

af ter \poweri ng on the apparatus and after heating by the heating neans.
10 4. A | i qui d-di schar ge recordi ng apparatus, conprising: a

| i qui d-di scharge recording wunit having em ssion energy generating. neans
responsive to an electrical 15 drive signal to inpart energy to a

recording liquid to forma flying dropb&t_which is enitted fromthe
recording unit for deposit on a recording material; recording unit
control ling means arranged to supply <CLAEMBive signal in response to input

of a recording 20 signal; heating neans provided in the recording
unikt_for heating the recordlng | i qui d; capping neans operable ~to cap the
recording wunit; and 25 control means for controlling the heating

means and the capbi ng reans,lignid-ghischargans maoerding abl @pparatuss-
cause a node in which the, heatlng nmeans - is inactive and the recording
unit is capped INPPEIRLNGL0ing neans. 5 5. An apparatus as claimed

in claim Zb “heQF'ﬁiéJ¥a-dlscharge recording unit having emission

energy generating means responsive to an electrical
drive signal to impart energy to a recording liquid to

?form a flying  droplet which is emitted from the

recording unit for deposit on a recording material;
10 . recording unit controlling means arranged to supply
said drive signal in response to input of a recording
) signal; - | '
\V heatin ided in the r i it
g means prov n t recording unit for
‘heating the recording liquid;
15 capping means operable to cap the recording unit;
and
control means operable to allow the heating means to
U

operate prier to a recording process when an
environmental condition is improper for recording and,

20 in the case where a recording'signal is - not supplied
within a predetermined period of time after a previous |
recording process, to cause the heating means to stop
and to cause the capping means to cap the recording
unit.

‘25

S : - 2. An apparatus as claimed in claim 1, wherein the

I —

A A _\!I\

e ——— ——— o . =



control neans causes said node after a recording signal has not -been:
received for a predeternined period_,of time and while the apparatus is
st angi ng-by. for a recording signal. 10-6. An apparatus as clained in any :
preckding claim wherein the control nmeans is also operable in a-‘further
node to cause heating to be conducted with the recording unit capped by the

cappi ng neans.
control neans operates in the further
t he appar at us.
claim wherein the em ssion energy generating neans is an el ectro-thermal

convertor. -

20

10

15

25

environmental <condition is a temperature of the

recording liquid.

3. An apparatus'as claimed in claim 1 or 2, wherein
the control ﬁeans is furthet.ﬂope:able to cause a
drive sighal,toﬁbe-suppligd to the recording unit to
cause _p:e;iminary:_em;ssion irrelevant to recording

after pqwering on'the.apparatug and after heating by

‘the heating means.

4. . A  liquid-discharge - recording apparatus,

comprising:

- a liquid-discharge recording unit -having emission
.energy generating means responsive to an electrical

drive signal to impart energy to a recording liquid to

form a flying droplet which is emitted from the

- recording unit for deposit on a recording material;

recording unit  controlling means_ar:angethp supply

said drive signal in response to input of a - recording

signal;

heating ”heans provided in the recording unit for
heating the recording liquid;

capping means operable to;-cap- the recording unit;
and | |

control means -for controlling the heatiﬁg means .and

. the capping_ﬁeans, the control means being operable to

AR

15 7. An apparatus as clainmed in claim6, wherein the
. =jrode upon turning on of the power to
20 8. An apparatu¥*as clainmed in any preceding

),



€

o/

10

15

20

=35 -

cause a mode in which the heating means is inactive
and the recording unit is capped by the capping

means.

5. An apparatus as claimed in claim 4, wherein .the
control means causes said mode after a recording
signal hés not been received for a predetermined
period of time and while the apparatus is standing-by

for a recording signal.

6. An apparatus as claimed in any preceding claim,

vherein the control means is also operable in a

- further mode to cause heating to be conducted with the

recording unit capped by the capping means.

7. An apparatus as claimed in claim 6, wherein the
control means operates in the further mode upon

turning on of the power to the apparétus.

8. An apparatus as claimed in any preceding claim,
wherein the emission energy generating means is an

electro-thermal convertor.

TR
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