TITLE OF THE | NVENTI ON LI QUt D- DI.SCHARGE RECORDI NG APPARATUS AND METHOD OF
OPERATI ON THERECF BACKGROUND OF THE I NVENTION 5 Field of the Invention The.
present invention relates to a liquid- discharge recyrding apparat in
which a liquid is emtted to formem ssilor |iquid ggzpfgg§C§§§’ h§§21 .
dropl.ets are deposited on a recorded material such 10~a or the

| i ke and thereby to performthe recording and, nore particularly, to a

| i qui d-di scharge recordi ng apparatus in which an em ssion energy is given

to the liquld tparher ol PaehrNERPrgndr opl ets. Description of the Prior Art
15 A ITqura-discharge recordi ng nethod (ink-jet recordi ng nethod)

Is a recordi ng nethod y . fli i gui d dé&glets of a recording liquid
are formed by various g? A DG ABRARAIEL 8Pt ed on a
recorfled material such 5 N and 20 thereby to performthe

recordi ng. Anong recordi ng apparatuses (printers) to which such a recording
met hod i s appl KGROUNR AHEt IRVENTI a structure suitable for

constituting a _high- density rultiorifice of the recording head, a 25
li quid-dis arEﬁEiEcﬁEdEh@.éﬁﬁﬁEﬁiﬁ& of the type using the heat as an
energy to formem ssion liquid droplets (hereipafter, referred to as an
ink-jet printer) can bEhfeRFP8RRY invention relates to a liquid-

discharge recording apparatus in which a liquid is

emitted to form emission liquid droplets and these
droplets are deposited on a_reco:ded_materiél such as
10 a paper or the 1ike_and thereby to perforﬁlthe
recording and, more particularly, to a liéuid-discharge
recording apparaﬁus in which an emission energy is

W given to the liquid to form flight liquid droplets.

Description of the Prio; Arﬁ
15 ' A liquid-discharge feéording method (ink—jét
recording method) is a recording method.whereby flight
liQuia droplets of_a recordiné liquid afe formed Sy
P\ | variéus methods and these dréplets are deposited on a
recorded material suéh as a péﬁér 6r thé like aﬁd
20 thereby to perform the recording.

Among recording apparatuses (printers) to which
such a fecordiﬁg ﬁéthod.iﬁ applied, as an apparatus
héﬁing a structure'suitable for conétitﬁtihg a high-
density mulﬁiorifice of the recording head} a

25 liquid-discharge recording apparatus of the type using
) | ﬁhe heat as an enérgy to férm'emission liquid droplets
(hereinafter, referred to as an ink-jet printer) can

be mentioned.



-2- Sueh an ink-jet printer of the type using the heat as the liquid
dropl et ‘em ssion energy generally conprises liquid droplet form ng neans
and a recording head.- Nanely, the liquid droplet form ng neans heats 5
the recording liquid and causes the deformation of the recording |iquid
acconpanied wth a rapid increase iIT volune and al | ows the recording liquid
to be emtted froman orifice (liquid droplet em ssion hole) of the nozzle
dortion, thereby forming liquid droplets of the 10 recording liquid. The
recordi ng head has an el ectrothermal energy converting device (hereinafter,
referred to as an emSuchngnhdakerje twpirdiintean ofetdieattsype heding aHeeat the
recording liquid in response to the supply of an electrical signal. 15
On one hand, hgataagetbeditiguidgdiropiietc lemissiond enengyc gehenalillye i nk-j et
printer, a water-hase recording liquid is mainly used in consideration o
the recordi nGOPRELECEAigUig dXgpdef forminge means and @ wecordiage
recording liguid is_gen ral¥¥ fornmed 20 fromthe recording material
conponent sutfi? s—angﬁﬁgmt, Eyg}qHthﬁ€°PﬂE§ FeFming wmeaas deads vent
canmponent na%gly consisting.of.aater and wat saol ubl e organi c solvent in
P $qYtfle the

order to Uis _ vgeSP?gﬁgﬁe _ aPd: GAYFRS S RE. the
ener gy and peeoPEeib, Eiabi dekdhed R na s a. PR ARG e OGS arc
applied, in yolume and allows the recordinglliquid to be emitted
from an orif%ce (iiquid.dropiét'emiSSion hoie) of the W
nozile_portion,'fhefeby'forming liQﬁid dr0ple£s.df the
10 recording liqﬁid. The reéétding ﬂéad has an |

electrothermal energy converting device (hereinafter,

referred to as an emitting heater)'whiéh éan geherate

a heat td heat the fecording liqtid.in reéponse.to the b
supply of an electrical signai. | | |
15 _ .. on 6ng.hand, as a recordiﬁg liquia which is
used to record by the iﬁk;jet printer, a.water-base
reqording liquid is.mainly ﬁséd in coﬁsidetation.of
_ o <

the recording éharacteristic, safety,.and the like.
This water-base recording liéuid is generally formed

20 from the recording méterial.compbnent Such'és a
pigment, dye, or.the like and the water or solvent
compdnent m&inly coﬁéiéfing of_ﬁatei and Qétér,solﬁble
organic solvent in.bidef to dissolve or disperse the
recordihg’matériél'cbmpbhent. | |

25 In the fpregping prihfer usiﬁé the ﬁéét as_the
liquid drqplét emission eﬁérgy and printers to which

other liquid droplét formihg methods are applied,'in



3 ,many cases, the orifice forned at the end of the nozzle fromwhich the
recordlng I|qU|d Is emtted is always open toward the open air in the

out side of the apparatus irrespective of that the apparatus is driven or
not. 5 Therefore, in the case where the apparatus is not used for
recording for a:long tinme, the sol vent. @oaponent such as, for exanple,
water, volatile organic solvent, or the like is evaporated fromthe orifice
intb the open air fromthe recording liquid remaining 10 in the orifice and
the portions near the orifice since the water-base liquid is used as the
recordi ng |jquj I 0 el he .r rdi LSr onent
and t he unvgla??P? EF g ?ggnggg§§ﬁgng# réngtn%%% %ﬁ@ngiog |%gz%ﬁggld

causing a vi SCQibhywﬁicﬁf’tthré 6y 1b4dld sk BT 13 LivayRor Lion to

i ncrease. Since the viscosity o eco exceeds a range

suitabl e for egpesi eBwakat ke’ 8pahdais hhquthé out3iAe2oF Rhebapparatels that
i medi ately after the recording was restarted, in spite of the fact that 20

an enitting sigpeespecenpei o€, thadetnet E@a&@t&%l 98 QhrikiesiUiogh ool ets in
which no liquid droplet is emtted is likely to occur and a failure occurs
in dn initi®l printingThectiforepr inhhehei kasef wherec thdi agparagas Os one
hand, al though there have been proposed 25 the printers in which the

em ssion surfapetwhsed fbe verbrdiéngs £four aedong tamead thieesolliven&ppar at us

i's not used such as in the case where the gomer supply is off
component such as, for example, water, volatile 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-bése.iiquid is used as the recording liquid

as mentioned above. Thus, the recording material

~ component and the uﬁvolatilizable'solvent component
remain in the récdrding liquigd, éausing a viscosity of
15 the recording liquid remaining in this portion to
increase. Siﬁce the viscosity of the reéecording liquid
w excéeds a range suitable for emission of the recording

liquid;-there are problems such that immediately after

thé feéording was restarted, in spite of the fact that

zo' an'emitting'signél is applied, a defective emission of

| liquid droplets in which hbhliquid_droplet is emitted

is iikely to occur and a failure occurs in an initial

printing section or the like of. a recording image.

| On one hénd, although there have been prOposed'

. 25 the printe:s in which the emission surface whére tﬁe

orifice is formed is capped when the apparatus is not

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



-4: orsthe like, even if the em ssion surface is capped, the orifice is not -
perfectly shut out fromthe open air. Therefore the foregoing probl ens

are caused even in this kind of printers. 5 On the other hand, in
Japanese Patent Unexam ned Publication No. 187364/1983, there has been
proposed the recordi ng net hod whereliy 4ven when the liquid droplet emtting
signal is not applied, an electrical signal of such a level that no
Hecording 10 liquid droplet is emtted is always applied to the emtting
heater and thereby to preheat the recording liquid in a manner such that a

t enper at ute ofF tthe ddde diewen iiflithe amidsiors ser facet s neappéd A val ue
within a predeternmined range in order to obtain a good 15 "emtting state

of 1iquid dréfeerrifdcads mateparfectiy @wt outf fom ridwrapery |iquid at

| ow tenperatur,es. Even in the printer to which the above nmethod is appl i b
however, sin@d%he Theraforey theyfareaeing prablems mremaused) everter so

that the recqrdi 20 . ljquid i,s always naintained at high tenperatures
even during &% S‘éﬂd %é”"ij’rﬂ%ption or stop interval. of the

an be Moo easi |y e RpdRR SFhE HANE il AT, Bl such that the 25
e oL Ve by R e T 5 i PIod 1, | o nddie oSt
proposed the reco:ding_method whereby even when the.
liquid droplet emigting gignal is not applied, aﬂ \J
electrical signal of_such a lgvel that no recording
10 liquid droplet.is emitted is always applied to the
emitting heateruand the:eby to preheaébtpe recording .
liguid in a manner such that a temperature of.thé
recording liquid cah always be maintained at a value o/
within a p;édetermined_range in order to obtain é good
15 emitting state of liqéid droplets for an increase in
viscosity of the recording liquid at low temperatures.
Even in the_printer*to which the above method
is applied,.hqwever, sincé the electrical signal is
applied to the emitting heater so that the recordihg
20 liquid is always maintained at high temperatures even
during a relatively long_inte:ruption orlstop interval.
of the.;ecqrdihg‘operation as well, the sblvent .
component in the recording liquid can be more easily
evaporated, so:tha; thgre is a problem such thaﬁ the
25 defective ;iquid_droplet emission is further likely to
occur at thefresgart_df the'recording_§§_mentioned

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



above. In addition, according to this nethod, since -5- 1 the

peri pheral portion of the emitting heater is always heated, the follow ng
probl ens are caused. Nanely, durability of the peripheral nenbers of the
emtting heater is lost. Physical properties of the 5 recording |iquid
remai ning in the peripheral portion of-tBe-enitting heater change due to
the heat thereof while the recording is interrupted, so that the col or of
the recording liquid changes or a precipitate is produced in the recording
liquid and the orifice is 10 choked, causing the defective liquid droplet
em ssion or thethekperiphagdit peptibHsbrather eh@tRRYCheatp! ¥sof the
printer was turned on, a tenperature of the:ink liquid regarding the
recordi ng dependiwapstheatadr eheefbilowingCppdblenssagdCcBaased.t enperature
of atfiosphere and the like. Therefore, it is undesirable to start the
recordi ng by enNamedy,tf@erabklityedfatheypetipherhd members of the power
supply for the purpose of obtaining the stable printing state. 20
Therefore, it iemtbhingcheates isniostut cPhyeicak- pyopgrthesrofnthemanner
such that the prelimnpary em ssion is performed before the_start of the
prinfing opér at¥eferfing Lhguidr remaininghénpsher peuppherahdPeREioNd i nk
remai ning in the_head gotéLon of the nogzle Is 25 prelimnarily discharged

and t her eby opt?ﬁi??ﬁg mitting heater change due to the heat thereof
while the recording is interrupted, so that the color
U of the recording liquid changes or a precipitate-is
produced in the recdrding liquiad and.the orifice is
10 choked, causing the defective liquid droplet emission

-or the like.

In addition, just after the_powér supply of the

~ printer was turned 6n, a temperature of the ink liquid
regarding the recording depends on the envifonmental
15 conditions such as a temperature of atmosphere and the
'_like. Therefore, iﬁ_is:undesirable to start the
'K,' recording by emitting the ink immediately after the

turn-dn.of the power supply for the purpose of
obtaining the stable printing state.

20 _ Therefore, it.is considered to constitute the
ink-jet printer in a manner such that the preliminary
emiésion_is performea before the start of the printing
operation after thé turn-on of the power supply‘and the
old ink remaining in the head portion of the nozzle is

25 preliminarily discharged and thereby'optimizing the

emission of the ink. .



em ssion of the ink. - 6- "However, hitherto, the print output is . =~~~ =
carried out through an IC for a.port froma mcroprocessing unit (MPU) for
control l-ing each section of the printer. Therefore, according to the .
conventional constitution, 5 it is extremely difficult to finely
control such prelimnary em ssi on due to a problem of the
processing tim of the software, so-tifat+ there is a probl em such t hat

tthe opti num prelininary em_ ssion cannot be perfornmed. 10 SUMVARY OF THE

I NVENTI ON | n accHPHENEE whikhertoaspbet point heoptprnt is nvemtrbedt heute s
provi ded a Iiﬂuﬁdrgischarge recordi ng_15 apparatus, conprising: a

| i qui d- di schar getFeRERy; A8 4hi forna\PREt £rem sk JrlerePERCeRstag Uit neans

onsive to an trical drive.signal to inpart energy to a recording
{?Zgid to fornla(ﬁ#§$ngofi ﬁ'ﬁrﬂf%b?gte_ chsggtgﬁ?tt%é f?QﬁntPEi?%ﬁz- o/
recordi ng unit; L 8i0g uplkL. Lol li, neans for-causi ng spuch a drive
si gnal tg be sup%ﬁ§g§§§ggfhgé%%§?$%§n5$uﬁﬁ? ??PY%%E&RE&&%?Pé%ﬁ&ﬁ“§ﬁ°%v
di i gnal $3 03 gaUSE eh: kP myit ed; epositli on
ecording o5 thoteriafefafiely FitAIARET L0 Ul ORIGEL ey o,
control ling neangréPimtAdeyNd éwfdsfon due to a problem of the

' processing time of the software, so that there is a

problem such that the optimum preliminary emission

cannot be pérfbrméd;' ' " ' o | v
10 |
SUMMARY OF THE INVENTION
In accordance with one aspect of the present invention _
there is provided '5 liguid-discharge - recording ~
15 apparatus, comprisings:
a liquid-discharge recording unit having emission
energy generating means responsive to an electrical
drive signal to impart energy to a recording liquid to \.i
.form a flying liquid droplet which is emitted from the
20 recording unit;
recording unit controlling means for causing such a
drive signal to be supplied to the recording unit in
response to input of a recording signal to cause a
droplet to be emitted for deposition on a recording
25 material in a normal recording operation;

pre-emission controlling means for causing such a
drive signal to be supplied to the recording unit to

cause droplet emission in a pre-emission mode before



drive signal to be supplied to the recording unit to cause droplet em ssion
in a pre-em ssion node before a normal recording operation and for
adjusting the drive signal such that a pre-enission:condition thereof is
adjusted. according to a circunstance affecting the viscosity of the

recording liquid'in the 5 recording unit. -8- Reference is directed
to United Kingdom Patent Application No# 8828313.0 (GB 2210586A) divided
frdmthis appl i cation, and (8911913.5) (GB A) divided from

No 8828313.0. 5 BRREFnDEBSR PTrecnrdingHEoperdtiicS Fapd. fortadjgsting the
di agrams showi ng whol e arrangements of ‘Iiquid-di scharge recording &Lizgﬁ
appar at uses, in whdgiveheigngdr such Lhatngepreremisshonceondihien e

10 present invention, but the figure 1 to 10, 12 and 13 arrangenents
areNpot; Fig. 14 |§h9‘ﬁbﬂépeéﬁlvéddpéﬁﬁghoﬁFﬁerﬁhnﬁxaﬁﬂleaofcb?EBﬂ§ ARGLI on
of an ink-jet pri ter accor .to th

15B are an enl arge@ E@F§&8@t| 8 F@ﬁpsé *egheuﬁ¢?°rﬂlPﬁefbaPﬁ?e+€‘gﬁsmn

in Figs. 1 %O 13 a@%cordxng unit.



-an- enl arged perspect.ive view of a nozzle unit thereof, respectively; Fig.
16 is .a block diagram showi ng an exanple of an 20 internal circuit
arrangenment of the: ink-jet printer according to the invention; Figs. 17A
and 17B are flowharts showi ng an exanple of the printing state optim zing
process procedure; Figs. 18 and 19 are flowharts showi ng an exanple of a
25 prelimnary heati ng pracegss procedure - and -9- 1
&n exanple of a prelininary emtting process procedure in the processes
shown in Figs. 17A anReféBencespdst i dekpctédy. td0Uuhstad\RYAGALI Badahem for
explaining a 5 print output signal which is supplied to the head unit; and
Fig. 21 is a grapppdficatdoacNosi 86828313 0e¢GBh2210586A) rdiwided bervmen
the supply time and the tenperature in which a frequency of the print
output 10 si gnakhisi chappligpsirad t oande. (89419k3t5)s (6Bd as a A)
paranmeter. In figyres 14 andl15 the follow ng references are used: HU..

Li qui d- di schar gedi¥deed; fgomnNe BR2BA1dkfr), C. .- Carriage, 15 R .
Gui de raig, [err] Supply tubes, FC. .. Fl exi bl e cabl e,

BRIEF DESCRiPTION OF THE DRAWINGS

Figs. 1 to 13 are diagrams showing whole arrangements

of iiquid-discharge recording apparatuses, in which

the figure 11 arrangement is iﬁ accordance with the e
10 present invention, but the figure 1 to 10, 12 and 13

arrangements are not;

Fig. 14 is a perspective view showing an example of a

constitution of an ink-jet printer according to the

o/
invention; '
15 Pigs. 15A and 15B are an enlarged perspective view of
a head unit in the printers showp in Figs. 1 to 13 and
an enlarged pérspective view of a nozzle unit thereof,
respectively; | \J

Fig. 16 is a block diagram showing an example of an
20 internal circuit arrangement of the ink-jet printer

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



ST. ... « Sub-tank, CAP... . €ap nenber;'zo “P..; - - Recorded ﬁatéfial

PL. .. Platen, S... - Carriage running direction, f... Cbnveylng

direction of .the recorded material, H. .. Hone position, 25 NZ :

Nozzle unit, FP... Front plate, IR. Li quid chanber, - - 10 -

| CH. ... | nk_channel, OR ... cx|frc8 =TS . Tenperature sensor,

HTR.... External heater; 5 ET.. En1tt|ng heater, [err] Mdtors, 1
... Programmabl e peri pher al i nterface (PPI), 2..

M croproceSS|ng unit (MPU),.. 10 3... Li ne buffer RAM 4. .. Font

gener at i ng ROvan5example oﬁoatpcblﬂﬁmhaﬁy emi ttingopsotess /procedureHone

position sensor, 15 8. Cap node switch, 9. Paper sensor,

10. O ' Fbadlgnthecpﬁppgsbgs shown in Figs. 17a and 17B, '

respectively;

Fig. 20 is a waveform diagram for explaining a
5 print output signal which is supplied to the head unit;
and |
Fig. 21 is a graph of characteristic curves

showing the relation between the supply time and the

~ temperature in which a frequency of the print output
10 signal which is supplied to the head unit is used as
| a parameter.
In'%u:& % and (S .bkgﬁ(lmubc efvrecces N(Me(l
— HU... ~ Liquid-discharge recording unit (head unit),
Cevo Carriage,
15 R... Guide rail,
TBl, TBZ"' Supply tubes,
FC... Flexible cable,
2 ST... Sub-tank,

CAP... Cap member,

20 P... Recorded material,
éL... Platen,
 Se.. Carriage runhing direction,.
f... Eonveying direction of the recorded material,'
Heoo Home position, |
25 NZ... . Nozzle unit,
) FP... Front plate,

IR... " ‘Liquid chamber,



14, 147 18, 21, 22, 24... Drivers, 13...° Protective circuit, 20 15...
Tenper at ure conparing device, 16... Font switch, 17..: | nput

sel ector. DETAI LED DESCRI PT{ ON OF THE PREFERRED EMBODI MENTS 25

Figs. 1 to 13 show di agrammati cal argﬁ@genent vi ews ‘showi ng whol e
arrangenents of |iquid-discharge rec ihg apparatuses, [err] - 117- 1
'Ehe | i qui d-di scharge recordi ng apparatus of the first exanple shown in Fig.
1 conprises a liquid- discharge recording unit 100, recording unit
controlling nmeans 110, and em ssion controlling neans 5 150. The

recordi nd ufGH«1:00 hastdichannelener gy generating nmeans 102 which can al |l ow
an energy to act on the Jiquid to formflight liquid droplets in response
to the suppl%‘o'f'-an elUhficay i gnal. This recording unit-flies and emts
the liquid oplets and 10 |l ows themto be deposited on a recorded ‘o
material P t¥ereby peﬂﬁﬂﬁﬁ?i}qqﬁaﬁﬁﬂﬁﬂ%ﬁng. The controlling means 110 can

set the ele | cal si | _an upplies the electrical signal to formthe
flight 1i qui%é{ r'dpl et ?ﬁa‘&ﬁﬂ?@ M%ﬁ%n energy generating nmeans 102 15 in
responsegto e I nput gOfs .3 .l r di signal SA. The controlling neans 150
sets theselg%gffcal ngﬁéﬁufgf?%gﬁgghe flight 1iquid droplets to the

-, 1l... . Programmable peripheral interface (PPI),
| 2.0 . Microprocessing unit (MPU), ~
10 3.0 Line buffer RAM, '
4... Font geng;ating ROM, : - : .
5.e Control ROM, |
6...  Console, - . B o
Teeo Home position sensor,
15 8... Cap mode switch,
-9... Paper sensor, .
10... Head unit controller,
¥ 11, 14, 18, 21, 22, 24... Drivers, -
13... - Protective circuit,
20 15... Temperature comparing device,
16... = Font switch,
17... Inp;£ selector.

- DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 Figs. 1 to 13 show diagrammatidal arrangement

views showing whole arrahgements of liquid=discharge
recording apparatuseq.hyhmhéeh—the—ebjéets—of*theb
l - l i - X J . i i l - ; :



uni t »controlling neans 110 when the power supply is turned on, thereby
allowing the recording unit 100 to 20 fly and emt the liquid droplets.
The |iqui d-di scharge recordi ng apparatus of the second exanple shown in
Fig. 2 conprises the |iquid-discharge recording unit 100, recording unit
controlling neans 110, heatirng means 12011 amid heat 25 control ling means
140. The recording unit 100 has the em ssion energy generating neans 102
i ncfuding an el ectrothermal energy converting device which can heat - 12
- 1theliquyid to formflight liquid droplets in response to the supply of
an electrical signal. e kigwididischarge | resoxdingnapparates ofquid
droplets and allows_ themto be deposited on the recorded material P, 5

t her,eby per f or ¥y st f¥anple) showe wEIl | 1 ngompehses 18 tiguidt t he
el ectTi cal signg and sugglies_jhe electrical signal to formthe flight
liquid dropl et J¥$FRIEIS MR hARRAE gHR e XePRrdERGsundd in response to

Lhe nout of e esey o SLanel 8, A Jhe JESL ng, rean, 120,15, provi ded
and/ or st e an Bovcr ri Fefo g B £ 408 3k EHAFACS Re TR orm any
(L0 104 Kendl B fldd Q2 HELR LA 4y S50 4R LhEBePe8°addO ¢
on the liquid to form flight liquid droplets in
U response to the supply of an electrical signal. This
recording unit flies and emits the liquid droplets and
10 allows them to be deposited on a recorded material. P,

thereby performing the recording. The'controlling

means 110 can set the electrical signal and supplies

~ the electrical signél to form the flight liquid
- droplets to-the emission energy 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 flight liquid droplets to the recording
U

unit controlling means 110 when the power supply is
turned on, thereby allowing thé recording unit 100 to
20 .fly and emit the liquid droplets.
' 'The liquid-discharge recording apparatus of
the.second'example'shown in Fig. 2 comprises the
liquid~discharge recording unit 100, recording unit
controlling means 110, heating means 120, and heat
25 controlling means 140. The recording unit 100 has the
emission energy generating means 102 including an

electrothermal energy converting device which can heat



envi rohment al conditi ons when a power supply SWis turned on. The

| i qui d-di scharge recordi ng apparatus of 20 the third exanple shown in Fig.
3 conprises the |iquid-discharge recording unit 100, recording unit
controlling neans 110, heating neans_ ,_heat controlling nmeans 140,

eni ssion controlling nmeans 150, and seduence control ling means 160. The
recording unit 25 100 has the em ssion energy generating neans 102
i'ncluding an el ectrothernal energy. converting devi ce which can heat the
liquid in res nse to t he suppl y_.of an electrical signal to form
flight Ii id Lo rm HGdghty quut |dxaplkeks o txesprnse qui d

droplets and al |.Qws the to be deposited on the recorded material P,
t hereby per f & hi % PS':? &ﬁl% elggtricale Hhanaky urﬂ'lllsccﬁﬁmfhfm neans

110 can set the el trlcal pI|e he el ectri nal to e’
formthe flidf* faﬂ‘r ?t r'jr?t ‘f)r# g?é"rfi means 102
ip response Ut f or | SA The h tlng nmeans 120
[ g 10 provi dte% he* reiéeg> t‘r%‘iu% *%?o (?q:[geaq gnqt}%n'a[]q(}%d fromthe
out si de. ghe s 120 to
heat the |iqui ?Ebgog’gsets am-e ectrr clfﬂ |gnal n&ﬂan@ such as not

to formany flelagiat 11i076ath FedPlide el ddiG1ROOHidih Praxtd Wéé" ling
means 110 and thereby to heat the liquid in accordance Wi t
envi ronnent altheoedieldteitalllddgnal to form the flight liquid
droplets to the emission energy generating means-loz
in response to the input of the recording signal Sa.
10 The heating means 120 is provided in the recording
unit 100 and heats_the-iiquid from the outside. The | .
heat controlling means 140 allows the heating means
120 to heat the'liéuid and/or sets an electrical signal o/
within a range such as not to form any flight liquid |
15 droplet to the recording unit controlling means 110
and thereby to heat the liqﬁid in accordance with the
environmental conditions when a power supply SW is
turned on.. S SR : o _ o/
The-liquid—discharge recording apparatus of |
20 the third example shown in Fig. 3 comprises the
liquid-discharge recording unit 100, recording unit
controlling.means 110, heating means 120, heat
controlling means 140, emission controlling means 150,
and sequence controlling means 160. The recording unit
25 100 has the emission energy generating means 102
including an electrothermal energybconverting device

which can heat the liquid in response to the supply of



em ssion-controlling means 150 sets an electrical signal to formthe flight
liquid droplets to the controlling nmeans 110, thereby allow ng the
recording 20 unit 100 to emt the flight liquid droplets. The sequence
controlling neans 160 drives the heat controlling nmeans 140 when the power
supply SWis turned on and then drives- g, em ssion controlling means 150.

25 The |iqui d-di scharge recordi ng apparatus of the fourth exanple
shown in Fig. 4 conprises the |iquid-discharge recording unit 100,
recording unit - 14 - 1 controlling neans 110, and control means 190.

The recordi ng uant ei@etRkaealiNgigNadsie B4l Bt igHRENAY Q2 whi ch
can allow an energy to act on %ﬁe liquid to ?§?%€?|i{§%#%% gﬁ?gagr%pleps I n
response to 5 thessyeebydfhgainghkeeliesdland eidlts thid 1iGRGQr dirBpletist
flies’and enits these liquid droplets and allows themto be deposited on
the recorded natadi allBws themr €60béi depusitedobh’ @hled Aecorded 110 can set

the electrical signal and supplies the electrical signal 10 to formthe
flight liquid dmeperialt B,t bherebysperformigy thecrecordingansThe2 in
response to the input of the recording signal SA. The control neans 190
sets the el ettrreaprdiggannit tongroAding meensi ¢d0d canopkst theo t he
recording unit controlling nmeans 110 in 15 response to the input of the
recordi ng si gnaplegtricahesignal and supplies the electrical signal to
form the flight liguid droplets to the emission energy
\_ generating means 102 in response to the input of the
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 liquid and/or

\f/ 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
o emission controlling means 150 sets an electrical

signal to form the flight liquid droplets to the
controlling means 110, thereby allowing the fecording

20 unit 100 to emit the flight liquid droplets. The
sequehce controlling means 160 drives the heat
controlling means 140 when the power supply SW is
turned on and then drives the emission controlling
means 150.

25 " The liquid-discharge recording apparatus of
the fourth example shown in Fig. 4 comprises the -

liquid-discharge recording unit 100, recording unit



case where the environnmental conditions are fitted for recording, thereby
allowing the recording unit 100 to prelimnarily emt the flight.liquid
droplets, and then generates a comand signal. 20 : The

| i qui d-di scharge recordi ng apparatus of the fifth exanple shown in Fig. 5
conprises the liquid- discharge record8ng unit 100, recording unit
controlling neans 110, heating neans 120, heat controlling neans 140,

ém ssion controlling neans 150, and sequence 25 controlling neans 160. The
recording unit 100 has the em ssion energy generating neans 102 i ncl udi ng
an el dct resmeFoEl i 19 Gién € ODVE) t and - 66N tE6L Wak&hs Cago heaphéhe liquid to
‘formflight liquid droplets in response to the supply of an electrica
signal . Thi srecmadihggunint t100 i less atlile cemissidrseénerqyi gefépatehg and .
records 5 on the recorded -material P. The recording unit controlling nea
110 can set ndanse|2 rwhtiadh scamadllow anpgheéergytbe attconithe signal to
formthe flight liquid droplets to the em ssion energy generating neans 102
i 1 response Mguid droreferm | Hhkght oliquid dreplets cinrvesponsertsponse to
the input of the recording signal SA The heating neans 120 is provided in
t he recordi fhefuPRD ¢h@Ehctecthtcal gignal om This oreeerdinghe heat
controlling neans_140 al .meapns_120_to heat the liquid

y Iéww Ihe‘aggtin
and/ or s_ets_"HTF'ffLBfl’eﬁF%cﬁ’P i is g PSS THANS dreplets candsahdtWso form any
flight 11 q_UI'lgmedn{.Qi% Ei;e té)erggs%._ ¢=_-e Oérg!ﬂ'ge-ugééorded material P. The
.recording unit controlling means 110 can set the .' Y,
electrical signal and supplies the electrical signal
10 to form the flight liquid droplets to the emission
energy generating means 102 in response to the input .

of the recording sigﬁal SA. The control means 190 sets

. the electrical signél-to-form the flight liquid A
droplets to the recording unit controlling means 110 in
15 'responée to the input of the recording.sigﬁal SA . in the
case where the environmental conditions are fitted for
recording, thereby allowingifhe recording unit 100 to
o

preliminarily-emit the flight liquid droplets, and
then generates a command signal.

20 Tﬁe liguid-discharge recording apparatus of the
fifth exgmple shown in Fig. 5 comprises the liquid-
discharge recﬁrding-unit 100, recording unit controlling
means 110, heating means.lzo, heat'controlliﬁg.meaﬁs
140, emission controlling means 150, And sequence

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

emission energy generating means 102 including an



control ling nmeans 110 and thereby to heat the liquid in accordance with the™

environnental condition. The em ssion controlling neans 150 sets the
electrical 20 signal to formthe flight liquid droplets to the recording
unit controlling neans 110, thereby allowing the recording unit 100 to emt
the flight liquid droplets. The sequeneelgortrolling nmeans 160 drives the
heat! controlling nmeans 140 in response to the input 25 of the recording
signal and drives the em ssion controlling neans 150, then generates a
command signal. - - 16 - The |iquid-discharge recordi ng apparatus of ‘the

si xth exanpl b sBouetiBthetmal éaaﬁayseanbaft&hgua@vibécuﬁ&%g CaROhE a0 uni t

100 recording unit controlling neans I ng nmeans capping 5

r{g¢180 and €Ret L9GuiBaes £8om fIhghtGQQﬁdb.agd%ble%QOﬂia%e% 8nd@ Ssi on
ener generating neans 102 which can all ow an em sSion energy to act on

the liquid to feonthéi ghppliyqofdadr epeeteicalr e3gaase t ghie redbpldingl an
electrical signal. This recording unit flies 10 and emts these |liquid
dropl ets, therebpitefbidsngndnembesr ehesdeliquidr dzbpPetshandegerdicdg unit
controlling neans 110 supplies the electrical signal to formthe flight
liquid dropﬁ%tsoﬂothhergqesdednmehergglgenerahengeceadanOQnmh response to
the input of the 15 recording signal The heating neans 120 is
provi ded in thec?étﬁ?Hihgguﬁ??nioglﬁngaheaes the elgetuirpdnsippal

-and supplies the electrical signal to form the-f;ight
liquid droplets to the emission energy generating means
102 in response to a commaqd signal to start the

10 recording in response to the input of the recording
'signal SA. The heating means 120 is provided in the
recording unit 100 and heaté 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'sigﬂal within a range such as not to form
any flight liquid droplet to the recording unit
controlling meanS'iIO and thereby to heat the ligquid
in acdcordance with the environmental condition. The
emission controlling means 150 sets the electrical

20 signal to form the flight liquid droplets to the
recprdihg unit controlling means 110, thereby allowing
the recording unit 100 to emit the flight liquid-
droplets. ' The sequence controlling means 160 drives
the heat controlling means 140 in response to thé input

25 of the recording signal and drives the emission

controlling means 150, then generates a command signal.



out si de. The cappi ng neans 180 can be coupled with the recording unit 100. *
The control nmeans 200 instructs a heating process to the heating neans 120
when the 20 environnental conditions are inproper for a recording process |,
in conjunction with a single recording process by the recording unit 100.
When the next recording signal is impd6ted even after an expiration of a
set tinme after conpletion of the single recording process, 25 the control
means 200 instructs the stop of heating to. the heating nmeans 120 and at
the sane time drives the capping neans 180, thereby coupling the capping
means 180 with the renerliggigrdistl@rge recdfdinghappagditdsdbgchar ge
recordi ng apparatus of the seventh exanple shown in Elg. 7 conprises the
| i qui d- di schthgesizthrekagplei sho@fl, inePdgdi Bgcompicieest thkl i ng nmeans 110,
heati ng means 120, heat 5 controlling nmeans 140, em ssion controlling
means 150 antigeitdrediscbangeorecoydingnenié0l0U,ereeorddnggunditt 100 has
the em ssion energy. generating neans 102 including an el ectrothernal energy
converting d@%ﬁ%@Qih#%ﬁ meAnsedlOy hheptingdmeansodd0i | cgbpingqui d 10
dropletssin response to the sugpl of an electrical signal. This recording
uni t 100 °f | BR2BF L 8A7 t andeeB F?Xumeaasospet-s,Tbﬁeres9rde_eqrunhg on the

P. The recording unit controlling nmeans_110 can set th

recorded matgry al
el ectri cal sf%g?a%nﬁhﬁu%?'?%éo{‘hgnergy generating means 102 which '

can allow-anjemission'energy to act on the_;iquid to
form flight liquid droplets in response to the;subply
of an electrical signal. This recording unit . flies

10 and emits these liquid droplets, thereby recording on
the recorded material P. The recording unit controlling .
means 110 supplies the electrical signal to form the |
flight liquid'dropléts to the emission energy
generating means 102 in response to the input of the

15 recording signal SA. The heating means 120 is provided
in the recording unit 100 and heats the liquid from the
outside. The capping means 180 can be coupled with the
recording unit 100. The control means 200 instﬁucts a
heating process to the heating mean$,120 when the

20 environmental conditions are improper for a recording
process in conjunction with a single'récording,process
by the recording unit 100. When the next recording
signal is inputted even after an expiration of a set
time after completion of the single recording process,

25 the control means 200 instructs the stbp of heating to .-
the heating means - 120 and at the same time drives the
capping means 180, thereby coupliﬁg the capping means

180 with the recording unit 100.



15 @®lecttical signal to formthe flight liquid droplets to the em ssion
energy generating. neans 102 in response to the input of the recording
stgnal SA. The heating neans 120 is provided in the recording unit 100 and
heats the liquid fromthe outside. The_hgat 20 controlling nmeans 140

all ows the heating neans 120 to heat the l'iquid and/or sets an el ectrical
signal within a range such as not to formany flight liquid droplet to the
recording unit controlling nmeans 110 and thereby to heat the liquid in

accordance wth the 25 envg{on' néal conditions. . The em ssion controlling
means 150 sets the el ectPfc *qgggﬁ 1scBargenrererdinghapPpPrratig a8fopl ets to

e S S AP SRR Brorshoriens B Rk s
ConU TSl 100 reapeeded. dlluteedbeckeatafad' calkl S8qTedlso At M urgEROTSC 1°
[ | SA. Af L\ | ,

o 01l S A kot s e i1 £671 L LAY HERES, 148, BAg.cenonce

controlling neans 1 by ~a se _ en’drrves the enission
controll i ng Seadsnd 0L 1 médhe U186 5 o1 981 6RCE0ARG) 18RG' AbAs OLse0 the
ei ght h exanple shown in Fig. 8 conprises the |iquid-discharge recordlng

uni t 100, recorshdUsétfaéncdnédvtto DL NGansand01600d PRAt ree8kaPhYi Ng Means
140. The recording unit 100 has the em ssion energy :
unit 100 has the emission energy generating means 102

\/:' including an electrothermal energy converting de#ice
which can heat the liquid to form flight liquid
10 droplets in response to the supply of an electrical
signal. This recording unit 100 flies and emits these
liquid droplets, thereby recording on the recorded
— material P. The rééording 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 controlling means 110
and thereby to heat the liguid in accordance with the
25 envifonmentél conditions. The emission controlling
| means 150 sets the electrical signal to form the flight

liguid droplets to the recording unit controlling means



génerat’i ng means 102 i ncluding an el ectrothermal energy 15 converting
devi ce which can heat the liquid to formflight
y of an electrical signal. This recording unit flies and emts
P. The

to the supp

these liquid droplets, thereby recordijpg on the recorded nateri al
recording unit controlling 20 neans 110 can set a pulse width of the

el ectrical signal and supplies the electrical signal to formthe flight
liquid droplets to the enission energy generating nmeans 102 in response to

' ' | SA. The h 1] 140 25
3 SRETREY atioWts R Shactiing pke WAe ehthe |
di ' Lol i _ 110., Thi s, heat trolli t
el oot rical sthsaptiont 14ulE Bobrers. i Bedidhes corkaEin as not
oAt 11609l EOREE! Heel WBnieiRATdAl s PRy 3 i ng means
eby qui _ e environnent al

2 tol e tdndog | _ t he
“Spenae, SoeSel skl S A eI e e

di REeURhputOBE! ehlel RecoR@Ihgl Klgrnd g20at Loy Wdivithgreans. 140.

The recording unit 100 has the em ssion energy 10 generating. nmeans 102

i ncl udi ng anthecheat! kohtibleitgg heamay 44, N EhHEe \d eifa

the input; of
has pul se w

to form any
110 and ther
cpndi tions.

‘ni nt h exanpl
100, recd di

I n accor

to heat the li ance

e shown in Fig. 9 conprises arge r

liquid to formflight liquid droplets in response to the supply

10

15

20

25

controlling means 160 stands by for a set time and then

drives the emission controlling means 150.

-The liquid-discharge recording apparatus of
the eighth example shown in Fig. 8 comprises the
liquid-discharge recording unit 100, recording unit
controlling means 110,. and heat éontrolling-means 140.

The recording unit 100 has the emission energy

generating means 102 including an electrothermal energy

converting device which can heat the liquid to form
flight liquid droplets in response to the supply of an
eleétrical signal._ This recording unit flies and
emits fhese liquid dréplets,'thereby recording on the
recorded material P. The recording unit controlling
means 110 can Set;a pulse width of the electrical
signal and supplies the electrical signal to form the
flight liquid droplets to the emission energy
generating means 102 in response to the input of the
recording signal SA. The heat controlling means 140
haé pulse width setting means 142 for setting a pulse
width to the recording unit céntrolling means 110.

This heat controlling means sets an electrical signal

liquid droplets in response

eMdeh can heat the



of an electrical signal. This recording unit flies and enmits these liquid
droplets, thereby recording on 15 the recorded material P. The recording
unit controlling neans 110 can set a frequency of the electrical signal and
supplies the electrical signal to formjf¥§fJight liquid droplets to the

em ssion energy generating nmeans 102 in résponse to the input of the
recording signal 20 SA. The heat controlling neans 140 has frequency
setting neans 144 for setting a frequency to the recording unit controlling
means 110. This heat contraqlling nmeans sets an el ectrical signal which

lies within a r &g& e ¥idih W Hgmma KANge @Heh iapinPR st ERt and a

f f which ig.higher, than the f f | ectrical . si I
uéﬁﬂjEZE%rSi ng Y S0 M e L ATORISH 9 (§HRy TREGRAD WHE theroby -
20 -~to heat th h% %ig.in C ggd o Wi t he .envi rqnnent gl nditions.
The | Gl scRgnyRdidind, Resh N afd ekt ki Haat the Biid in Fi g
1OecolrrglrJ: sesI tsﬁgiggkfi gg_idtci- Q_J s%ti@agq__ ze %R}iif&m‘é'?{é 10% etr%'ogdg ng un: '? 9
control ling neans f 8 and fieat -Con ro% I'Ng. neans af'4(f nfi‘?'e ‘Bcor di ng unit

100 has the £m ssion e”QﬁQYIQﬁﬁiﬁﬁhhg%h rg@%gq¥§g¥%qﬁ?{g%ﬁﬁ(?%o Corm

el ectrothermal energy converti'ng device I ch can (
10 flight Iiquigndr ﬁEthSekamPiép%ﬂ%rif Qnl Be gSuBPlcomYridesiad ri cal

signal. This recording unit flies and emts
ligquid-discharge recording unit 100, recording unit
-controlling means 110, and heat controlling mean§.140.
‘The recording unit 100 has the emission energy
10 genefating means 102 including an electrothermal
energy converting device which can heat the liquid to
form flight liguid droplets in response to the supply
~ of an electrical signal. This recording unit flies
and emits these liquid droplets, thereby recording on
15  the recordéd material P. The recording unit controlling
means 110 can set a frequency of the electrical signal
and supplies the electrical;signal to form the flight
~ liguid droplets to the emission energy generéting means
102 in response to the input of the recording signal
20 SA. The heat controlling means 140 has frequency
septing means 144 for setting.a frequency to the
- recording unit controlling means 110. This heat
controlling means sets an electrical signal which lies
within a rénge such as not to form any flight liquid_
25 droplet and a frequency of which is higher than the
frequency of an electrical signal upon recording to

the recording unit controlling means 110 and thereby



t Rese Liquid droplets, thereby recording on the recorded material P. The
~recording unit controlling means 110 can set a voltage of the electrical
nd supplies the electrical signal to formthe flight |iquid
droplets to the em ssion energy generating neans 102 in response to the
i nput of the recording signal SA The2Reat controlling neans 140 has

vol tage setting nmeans 146 for setting a voltage to the recording unit 20
controlling neans 110. This heat controlling neans sets an el ectrical
signal of a voltage within a range such as not to formany flight

signal 15 a

l'i qui-d

— ——

dropl et tb tte heabrthegliguidcint acktbirdgnoeand thl@henénvicoamenttalheat the
liquid in accordance with the environnental 25 conditions. The

| i qui d- di scheen@itensdi ng apparatus of the el eventh exanple shown in Fi
s the - 21 - 1_Iiguidfdischarge recording unit 100, record

11 conprise
“unit contro
recordi ng u
all ow an en

P. The rec
em ssion ti

10

15

20

25

| 1i ng neafBe 1liquidddéarbarge seserdingngppexasuss0£ The

gﬁ@

nit 100 has the em ssion energy generating nmeans 102 which can
et tenthiexample; shovnqipdFLig-.f dPnrPMPEASes §hed droplets in

he suppl f | ectrical si l... Thi di it fli
i am £ 1 AR e RR 9P ST ALR YR BcoP B ngeER=NET; BBYEded mat e a

Eh LT Ag RAAS 1167 BRRRedt cORRrBT 110G n B THG! ©

The recording unit 100 has the emission energy
generating means 102 including an electrothermal enerqy
converting device which can heat the liquid to form
flight liquid droplets in fesponse-td the supply of an
electrical signal;'-This recording unit flies and emits
these liquid droplets, thereby recording on the
recorded material P; The recording unit controlling
means 110 can set a voltage of the electrical signal
and supplies the electrical signal to form the flight
liquid dropléts_to the emission energy generating means
102 in response to the input of the recording signal
SA. The heat controlling means 140 has voltage setting
means 146 for setting a voltage to the recording unit
controlling means 110. This heat controlling means
sets an elect:ical signal of a'volfage within a range
such as not to form any flighﬁ liquid droplet to the
recording unit controlling means 110 and thereby to
heat the-liquid in accordance with the environmental
conditions. |

Thé.liquid—diséharge recording apparatus of the

eleventh example shown in Fig. 1l comprises the

u



sibna] to.formthe flight liquid droplets to the em ssion energy generating
means 102 in response to the input of the recording signal SA The enission
controlling neans 150 has tinmes of em ssion setting 15 neans 154 for
setting the nunber of emi ssion times in accordance with the environnental
conditions. This em ssion controlling oeaps_.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

h Fig, 12 CompHiaataCRBEShEESE Y O PARRECLNT L L obi ARG =HAPE TO0E ar i vi ng

TR anD anc B6RLrGOMAG! nbdls "TEG? A8 edbEsfSHOLHRIO b RdLNES | De

em ssTon energy gener at means energy to

act on the liquiggto éﬂén}éééﬂ&in¢'aﬂié #60Phal Schl ER3RGISA bReLRY SuUPPY

of an electrical signal. This recording unit flies and emts i qui d

dropl et s, there@dnéﬁ&@iﬂ@ﬂﬂe&ﬂsth@25whiéﬁoégﬁdaﬂ§6ﬁréﬁ|eﬁérg§h€0d5b¥'ng
means 210 noves the recording unit 100 in a predetermned ditection with

regard to the resotfedlpgerd € FbemheRigreniighidngarepaaes22f heats ‘the
liquid existing in the recording unit 100 when the driving neans 210 is
st opped. response to the supply of an electrical signal. This
recording unit flies and emits these liquid droplets,
N\ thereby recording on the recorded material P. The
recording unit controlling means 110 can set the
10 number'bf emission times and supplies the electrical
sighal to form the'fiight liquid droplets to the
emissioﬁ'energy geqerating_means 102 in';esponse to
the input of the recordihg signal SA. The emission
cdntrolling'means 150 has times of emission setting
15 means 154 for setting the number of emission times in-
accordance with the environmental conditions. This
emission controlling means sets the electrical signal
to fofm the flight liquid droplets to the recording
unit controlling means 110, thereby allowing the
20 redording unit 100 to preliminarily emit the flight
| liquid droplets by an amount as many as’ the number of
emission times set
| The liquid-discharéé_recording'apparatus_of
the twelfth example shown in Fig. 12 comprises the
a 25 liquid¥diécharge recording unit 100, driving.means 210,
and heat controlling means 220. The recording unit 100

has the emission energy generating means 102 for



10 .

The |i qui d-di scharge recordi ng apparatus of the thirteenth

exanpl e shown in Fig. 13 conprises the |iquid-discharge recording unit 100,

recording unit controlling nmeans 110, heat controlling neans 140, and

em ssi on con

em ssi on energy generating means 102 i2%i~udi ng an el ectrot hernal energy

converting d
i n response.

trolling nmeans 150. The recording unit 15 100 has the

evice which can heat the liquid to formflight liquid droplets

to the supply of an electrical signal. This recording unit

flies and emts these 20 . liquid droplets, thereby recording on the
recorded hat elilewiRg &ine enexegyditog awt onc dhie Aiguigl rearforid Eldaghtset the

electrical s
| iquid drop
response to

i gnal and supplies the electrical signal to formthe flight

diiguiid dropdeitssiion responseydoetdte: mpppEano£lGh i n 25

the input of the recording signal SA. ° The heat controlling

Q

means 140 seedeghrdicad: signalsi gifhisyirecordingamd s fliess anst to form any
d - 23 - 1 droplet to the recording unit controlling neans

flight Iiqui

110 and t her éBptsothese dAguidy@repletsecihexedy waaendiageen tdhaent al

conditiog;.
nmeans 144 fo
recordi ng un
the electric
a

10
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The em ssion cqntrol ling nmeans ;150 has the frequency setting:

resozded; pgterrdgfenc Ay 1% MeAN S 214 Jeyes Fhene

it trolli 110. Thi 1, SSi control li ‘set
KRBERRRS POLEoR N Arght PFEASLE THANG CLRRAen B Whari ng and

regard to the recorded paper P. The heat controlling
means 220 heats the liquid existing in the reéording
unit 100 when the driving means ZlO_is_stbppéd.

The liquid-discharge reco:ding apparatus of
the thirteenth ék;mp;e shown in Fig. i? COﬁprisés the
liquid-discharge recording uhit_loo, recording unit
controlling meané ilO, heat controlliﬁg.means 140, and
emission controlling_means_lso. The recording unit
100 has the emission energy generating means 102
including an electrothermal energy convérting device -
which can heat the liquid té form flight liquid

droplets in response to the supply of an electrical

-.signal. This recording unit flies and emits these

20

25

liquid droplets, thereby:recording on the.recq;ded
material P. The recording unit qontrolling means 110
can set the electrical signal and supplies the
electrical signal to form the flight liquid droplets
ﬁo the emission-energy genératingjmeans_lOZ in
response to the input of the recording signai SA. The
heat controlling means 140 sets an electrical signal

within a range such as not to form any flight liquid

-



ffequency”of which is below a frequency of the 10 electrical signal at the
time of the recording thereby allow ng the recording unit 100 to emt
ftight liquid droplets. The present invention will then be described in
detail hereinbelow with reference to the2 rawi ngs. 15 Fig. 14
illustrates an exanple of a constitution“df the recording units of the
Ink-jet printers to which the invention can be applied, which have been
shown in Figs. 1 to 13 as the exanples of arrangements, respectively. This
exanple is qpplied 20 to the ink-jet printer of the format in which a head
unit is nount edd¥ePket ke i the eFerdingcanit coptroblingimeansi kR tion with
regard to a recording surface. I gs. 15A apd. 15B are an enl arged di agram

of t.\gg, heat . unidnq ntl'ﬁﬂ?bnéﬂ_:%ﬁbeag:ﬁ e Jpaidi 3R agTeFdance Wiy ke it
| qui d- di schar VORmeRk L irandtA AN orfhe capFstRn contiatling (¢ s
o150 possi e LG OULl M Lt Sl oo SeLegertlag, Wi sedt) ooy 2o
conststing. of ot 2 ABdidr oA SRS ALHIED Ebagl b clyg e 1 i by
exanpl e, a beltrecording unit controlling means 110. This emission
controlling means sets the electrical signal to form
flight liquid droplets after the heating:and a |
frequency of which is below a frequency of the
10  electrical signal at the time of the recording thereby
allowing the recording unit 100 to emit flight liqgid
droplets.
The present'invention will then be described
in detail hereinbelow with reference to the drawings.
15 a Fig. 14 illustrates an example of a
constitution of the recording units of the ink-jg?
printers to which the invention can be applied, which
— ~ have been shown in Figs. 1 to 13 as the gxamples of
arrangements, respectively. This example is applied
200 to the ink-jet printer of the format in which a head
unit is mounted to a carriage which moves in a :
predetermined direction with regard to a.recording
surface. Figs. 15A and 15B are an enlarged diagram of
the heat unit in ?ig.'14 and aﬁ enlarged diagram Qf a
25 nozzle unit thereof, respectively.
In Figs. 14, 15A, and 15B, ﬁU dénotes a

liquid-discharge recording unit mounted on a carriage



or. the-like and noves in the directions indicated by arrows Sin Fig. 14 by -~

driving neans such as a notor or 10 the like. The guide rails R guide the
carriage Cso that it 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.-PRé4represents a platen to 15 formthe
recordi ng surface of the recording paper P. Nanely, the carriage C noves in
"the directions Sin the diagramby the driving nmeans along the guide rails
R, thereby making it possible to record on the recording surface of the

recordingl pager Pt 28 also possShldeget prowigdebthaniigudd-dedcharyke
carriage C, [err] is an ink supply tube for comunicating a main tank (not

shown) with téeosabnyanki€s; Hunds Tidnyysasn thek nampelry offulkee 1ot ofor _
comuni cating the sub-tank ST with a liquid chanber IR in the head unit *ﬁd
25 inks awhbichoare Odfeds aFCapndmuhtesaariﬁgsdbﬂe ftabéet he
recording unit HU at a home position H of the carriage Cin the directions
St Wen the cansigping of a get-ofssigpaledinest ko montrpdstheon, the cap

nber P can nove toward the recording unit HU by driving neans such as a
not or hee$¥§%lgﬁd°§aﬁhabhﬂkthtﬁBeeﬁ?FPFﬁgnguPP&@eHPhéPQOFheA
coIIectlng SP abuts 5 on the emtting surface of the recording unit
HU and col | et the ink and is formed of, for exanple, a

The carrlage C is fixed to, for example, a belt
or the like and moves in the directions indicated by
arrows S in Fig. 14 by driving means such as a motor or

10  the like. The guide rails R guide the carriage C so
that it moves in the directions S.

P denotes the recorded material such as a paper
‘or the like which ié-conveyed in the direction indicated b
by an arrow £ in Fig. 14. PL represenﬁs a platen to

15 form the recording surface of.the recording paper P.
Namely, the carriage C moves in the directions S in the
diagram by the driving mean; along the guide rails R,
thereby making it'péssible to record on the recording o’
surface of the recording paper P.
20 ST'déhoteé a sub-tank provided in the carriage
. is an ink supply tube for communicating a main

1
tank (not shown) with the sub-tank ST; and TB, is an

C; TB

ink suppiy 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 member arranged to
face the recording unit HU at a home position H of the

carriage C in the directions S. When the carriage C

i~



.wat er absorption porous material. In Fig. 15A, BP is a base plate on and
overiwhich the supply tube unit [err] the liquid chanber IR 10 a nozzle
unit Nz, the flexible cable FC, etc. are arranged and by which these
conponents are supported. BSH denotes -ar2®l-astic nmenber for supporting the
peripheral portion of the nozzle unit; FP is a front plate; TSis a -
t enper ature sensor such as a thermstor 15 or the like to detect a
tenperature; and HTR is a heater consisting of, for instance, an

el ectrot her mal jeneldps e\ t18le Héub 39%991@1&{ t Bt Qﬁ@f xS Ida®
thermstor or the like attached to the heat unit HU in order to heat the

i nk and keep i tcatmdvid ABWa1R WHeb irtsording\ Wit mpm?utamnada #le@niss al so
proyi ded. On one hand, in Fig. 15B, OR denotes an orifice serving as an ink

em tN4'ng hol e. sudh @8 2 ewdtad antthen Jnkad edred réanedibutnioey thle ori fices OR
are vertically arranged in the nozzle unit NZ ICHis a liquid 25 channel
for communi cat ieng. tittimgorsutifizese @GRenddt 4 had |dajlied tingnimembleR. SPEEbugsan
emtting heater serving as an em ssion energy generating device for

appl ying a ompghe Emdttding: mamfipdeyofetihss ingeardinge undit &4 @nidng in the
l'iquid channel | CH. To record_using the above-nentioned recording

appar at us, the qoddectss ithe inlpandds Famed qft FME $*8PPleom? he nain

tankthrouhthes ly tub err
g wate p %orpéio Jrous materlal.

In Fig. 15A, BP 1s a base plate on and over
— which the supply tube unit TB,, the liquid chamber IR,
10 a nozzle unit NZ, the flexible cable FC, etc. are
arranged and by which these componenfs are supported.
BSH denotes an elastic member for suppqrting the |
- peripheral portion of the nozzle unit; FP is a front
pléte; TS is a temperature sensor such as a thermistor
15 or the like to detect a temperatﬁre; and HTR is a
heater éonsisting 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 keeé it warm froﬁ the outside.
20 A heat cquucting plate is also prqvided.
On one hand, in Fig. 15B, OR denotes an orifice
serving as an ink emitting hole. 1In thié embodiment,
a predetermined number of 6:ifices OR are vertically
arranged in the nozile unit N?; ICH ié a iiquid
25 channel for communicating the orifices OR with thé
3 liquid chamber IR. ET is an emitting heater Sérving as

an emission energy generating device for applying a



Further, the liquid chanber IR and liquid channel I1CH are filled with the
recording liquid through the supply tube unit [err] Next, an electrical
signal is applied to the emtting heater ET through the flexible 10 cable
FC fromliquid droplet emtting siggaé generating neans which will be
expl ai ned hereinafter, thereby energi ﬁng 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 I CH near the heater ET, causing an
air bubbhe to be produced in the.recording liquid which [s_agconganied W th
an i nst ant aneREMah#RREWY | fFororniesient ke theoinkngxisging in thet

portion. The recording liguid existing in the downstream portion of the
emitting 20 HHE ?ﬁ§$§eﬂn¥?¥ed fromthe orifice OR so that the |iquid

; iquid is for o i o gy
§288'5?E feé’f ﬁ?\“? e r ot 2%#%&#2%%%9L%%ﬁ%ba%%ﬁséﬁis%%é”?ﬁééi’#iﬂg?reﬁp! n
i _ | NO.iS_ 2° Fig. 16
[fomt o UM R e Sk L e LRGeS enRoL R IR 1O
printer 6f tHe eron @QE‘méfweeéﬁfnthr5§§heéﬁgpéﬁ?p%%n%ﬁ?35§3”9d that this

control apparatus receives print data froma hos uter ahd stores the

ﬁreggt data Ghu¥ifed] NEn@NLiGQDd " ChamBeP TRTAAE 1E3018YcRafifOi " Bber of the

are filled with the recording liquid through the
supply tube unit TBé. ﬁéxi, an electrical Signal is
applied to the émitting'heater'ET through the flexible
10 cable FC from liguid df0plet:emi£ting.signal generating
means which will be explaine& heréinafter, théreby ' .
energizing the heater ET. Thus, the heater ET
generates a heat éneréy and this heat energy is applied o/
to the recording liquid existing in the liquid channel
15 ICH near the heater ET, causihg an air bubble to be
prodhced'in the recording liquid which is'aCCOmpénied
with an instantaneous increase in volume of the
recording.liquid'in that portion. The recording liquid : ;J
éxisting iﬁnihe downstream porﬁion of the emitting -
20 heater ET is emitted from the orifice OR, so that the
liquid droplet of the recording liquid is formed.
This :ecérding liquid'drbpiet is deposiﬁed on the
recbrdéa materiai P such as a paper or the like fed in
- front of the nozzle unit, so that the recording is
25 perférmed. | o

Fig. 16 shows an example of an arrangement of

g

a control apparatus of the ink-jet printer of the



5'unit HU, thereby printing. In Fig. 16, a programmabl e peri pheral
interface (hereinafter, referred to as a PPI) 1 first receives in parallel
the print data which is sent fromthe host conputer of the printer
according to the enbodinent 10 and trams@ts the print data to a

m croprocessing unit (hereinafter, referred to as an MPU) 2. The PPl 1 also
controls a console 6 and perforns an i.nputting process of a hone position
sensor 7. The MPU 2 controls each section in the printer and executes a 15

processi ng Y OCSAUERLIBAEN KL cDEnEXB) 28ed NSLELaAl SFah il 3 serves ac

a line buffer nenory for storing t pfint data recelve e PPl 1 by an -

amount of one | J:Gﬂtr&f%ﬁ&f&tﬁ#@éé&iéegePQ’iﬁ% 2aREMet-an0gngpate fonts of
print output characters, and 5 is 20 a control ROMin which processing

procedur es (Fi gsomputer 7andhsebresecthacpring BithhefVBhe21ahe shared. Those
conponents 1 to 5 ‘are connected through an address bus AB and a data bus

DB. -The consol ecéntiesls &epbimtingwhéal, bgna2bonhtigbtaeicng £l 8hp, head t he
| i ke. The honme position sensor 7 is disposed near the honme position of the
carriage C. °A camiwodé, stimerebs srimbtinghe state of the - 28 - cap
menber CAP, nanely, detects whether the cap nenber CAP is coupled with the
head unit HU or not. Alpapig.skhsor Dregrawmsblacpabiphesadf inkerfaceating
paper. (hereinafte;, réferréd to aé'aIPPI) 1 fifst receives in
parallel the'print data which is sent from the host
~ computer of the“printer.according to the embodiment
10 and transmits the ptint data to a microprocéésing unit
(hereinafter, referred.td'aé an MPU) 2. The PPI 1
also controlé a console 6_ah& performs'an inputting
W process of a home ﬁoéition Sensér 7. The MPU 2
controls each section in the printer and executes a
15 procéssinqlprocedure which will be explained
hereinlater. A RAM 3 seives'as a line buffer memory
for storing.the print data received by the PPI 1 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-(?igs. 5
to 7) which are executed by the MPU 2 are stored.
Those components 1 to 5 are connected through an
address bus AB and a data bus DB. |
The console 6 has a keyboard switch, an
25 indicating lamp, and the like. The home.pbsition
sensor 7 is disposed near the home position of the

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



A head-unit controller 10 latches the-print 5 data and print output tine
and starts the print output in response to a command fromthe MPU 2.
Nanely, in this enbodinent, the controller 10 is used as a dedi cated
integrated circuit (10, thereby realizing a high processing speed. For
exanpl e, the controller 10 disclosgdjygn_Japanese Patent Application No.
162802/ 1984 by the same applicant as th|s application may be used as the
controller 10. The print data which has once latched is outputted as it
i's, unless otherwi se a change is requested 15 Ref er ence nuner a

11 denot d t the. h HU to th troll
10, ‘15 1 & 2 SHBEPGE Chby pImEIYy dehaEke HPECHBE FReacaP, PERDES drive

BENTSEAy - ST TR LA N ttpgraérté“ 01 Sl 0 0o
temperatur e sglisor Jsdgt ¥EQePnLOhuLBaCeRY WAE! pbihelfoaphgat switch to
PHctboty ok

I nstruct the SV\A hi ng o e pri eétor to

Syi tch Signals of Chg fleybsanis eaﬂtw%tab 16 iﬁ@ché Cfen% pLbgg by 25 the

MPU 2. Nuneral 18 ‘denotes a driver to drive a.notor err novi ng t he

cap menber cagiaMiﬁarfﬁfﬁftoﬁEpﬁEetlme and st&r@ﬁa@hénbilﬂg odepakd 24 are.
drivers to drive a no [err]~for feeding the paper and a nDtor [err] for
nmoving the in response to a command from the MPU 2. Namely, in

this embodiment, the contrpller 10 is'used as a

dedicated integrated circuit (IC), thereby realizing a \~)

high processing speed. For example, the controller

10 disclosed in Japanese Patent Application No. 162802/
1984 by the same applicant as this application may be

used as the controller 10. The print data which has

once latched is outbutted as it is, unless otherwise a ~
change is requested.._ |
15 _Referende numeral 1l denotes a driver to drive
the head unit HU in response to the eohtroller 10; 13
is a protective circuit-of the head unit HU; 14 a Q/

driver to drive the heater HTR for heating the ink and
keeping it warmrwhicﬁ_is provided for the head unit

20 HU; 15 a_temperature_comparingIdevice of the ink
temperature sensor TS provided for the.heéd unit HU;
16 ; font switch to instruct the swiﬁching of the
print font; and 17 an input selectof to switch signals
of the device 15 and switch i6 and is controlled by

25 the MPU 2. | | |

Numeral 18 aenopes'a_driver.to drive a motor

M3 for moving the cap member CAP with respect to the



carriage,- respectively; and 20 and 21 are a solenoid for a valve and a
driver thereof which are used to 5 renove the air in the head unit HU,
respectively. The outline of the processes in the case of the ink-jet
printer shown in Figs. 14 to 16 according,to this enbodiment will then be
described. In this enbodi ment, when the %%mer 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 prelimnary enitting process, thereby
obtaining a good ink emtting state._ In addition, the capping to the head
unit HU is propt8ad, Wi il 22 iand odf Lake | BFLYETRI £A dnbYe Briet@Bes. |t
I's assuned that the reheatln rocess includes the execution of an
external heatiffy pﬁ‘b’g %rP?E’ﬁ’ér?’&‘ll %e’&??—‘hﬁ Wp of@E Moy ing tke case,

t heNext ernal heati n denotes ZQ:I ng egied fromthe outside:of
the head unit iTRPRIE-H %ﬁ Ad? nPEF nl SHeBRPHG denotes

_ oy Wi
Ui de wi thin & Tohde TP 0 Foiat  She €¥?€k‘9$+%¢n”$ﬁ% Beed 631 P25 ru
to the em sgl on, 393%}%6%%1?" er?q;fgee\@%g a GhPE] oyé%éc&t_%Hg gnal is

sent to the hea -unit contro every set frequency ng the

internal heating. - mifh cuifBihd Wor PERDESEE B8as 88T L4 CHE EXse LOE
the ink;jet printer shown in Figs. 14 to 16 accoxrding
to this embodiment will then be described. 1In this
embodiment, when the power supply of the printer is
1d turned on and when the printing is started, the head
unit HU is subjected to a preheating process and a
preliminary emitting procéss,-thereby obtaining a good‘
\~/ ink emitting state. In addition, the capping to the
head unit HU is properly controlled in conjunction
15 with those processes. It is assumed that the
preheating process includeé,the execution of an
external heating process ané/or an internal heating
\~f ' process.
In this cése; the external heating denotes
o0 that the ink is heated from the outside of the head
unit HU by driving the heater HTR and the internal
hea£ing 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
o5 HU to the emission energy generating device. A print
output start signal is sent to the head-unit controller

10 at every set frequency during the internal heating.



i mernal heating is perfornmed, it is desirable to apply a print output of
proper pulse width, frequency, and voltage to the head unit HU. However,
the use of the 5 head-unit controller 10 enables the sufficient processes N
to be carried out even at an ordinaryéfrocessing speed of the MPU. Nanely,
according to this enbodi nent, parangt & of respective print outputs can be
freely changed and set in accordance with the 10 necessity, so that the
head unit can be heated in the opti num manner and the software can be
sinplified and a high processing speed can be realized. On one hand, even
in the cate of perfoMineny thiee prefieatiimg ,y partsistwlaoky wethe it is
preferable to apply 15 a suitable print output having a pulse width, a
frequency, ad®terpgli hgatdadgpdsamexdfiormesi i Het Henddemixable storiapply to the
above. In this enbodi nent, those paraneters and the_ nunber of enission o/

tines are ch@n§&dntnoNEeitdefc PraRay i senWidihefEeaeentey « iand. The 20
enbodi nent can_easily cope with sugh a _case by the software and the optinmum
prelininary é’ﬁjl(;?g&n a%%ﬁewﬁ@rlaf S HU-n diRwevesy, the (998 ke nent, al |
RTINS 0 R K i S e
chanoe e, PbeBkelath, BA°HL LR IFERRAK A8 4P BERRESLS, 0 i
can be reali gedcessing speed of the MPU. Namely, according to this
embodiment, parameters of respective print outpuﬁs can
be freely changed and set in accordance with the
10 necessity, so that the head unit can be heated in the
optimum manner and the éoftWare can be simplified and
a high processing speed can be realized.
on. one hand, even in the case of performing the N
preliminary emission as well, it is preferable to apply
15 "a suitable print outpﬁt having a pulse width, a
freguency, and a voltage as parameters: to the head unit
HU similarly to the above. In this embodiment, those
parameters and the number of emission times are changed
in accordance with the environmental conditions. The
20 embodiment can easily cope with such a case by the
software and the optimum preliminary emission can be
pefformed.- In addition, in this embodiment, all dots
of the print outputs at the time of the preliminary
emission are set to "1" using the head-unit controller
25 10. Therefore, there is no need to change the print
data every time with respect to the print data in this

case, so that the software can be simplified and a high

processing speed can be realized.



-'31 ~ Prirnting state optimzing processes in this enbodinent will then be
descri bed hereinbelow. Figs. 17A and 17B show an exanple of the printing
state optim zing process procedure according 5 to the present invention.

| medi ately after the turn-on of the power supply of the printer, as an :
initializing process, the PPl 1 and head3dnrt controller 10 of the hardware
are initialized and, for the software, the line buffer 10 nenory RAM3 is
initialized and the operation of the control ROM5 is checked, and the
respective paraneters which are used for processing are initialized (step
S1). After cdonpletion obrihtihgi statezbpeinieingsprbbesbeadiaaghigtor M3 is
driven to open the head cap 15 while nonitoring the cap-node sensor 8 by
the MPU 2 (stepemﬁpdlmabh|Wr&lnghehebbodespnibédoheseﬂsbel&w.the carriage
nnto?‘Terr] is driven to return the carriage Cto the honme position H (step
' S3). Then, nonitoring thigsenkddr 8ndt h@éBcabhowpanrekamplei ofdtheen to cl ose
the 20 head cap to the head unit HU (step S4). Further, the notor M is
driven to feed PRENkIRGretate eREinbying Bﬁ%ﬂﬁﬁsoPr°ée§ureoﬁ§CPFﬁéngstep
S5). -After those processes, the head,unit HUis initialized. In the
initializing priRethe P¥RSEALNERYERELOR. process (step SH) of the head unit

HU is first started. Flg ﬂ€1%€$£§nggtgéaggéetginlgg g%egggtbggegroce35|ng

procedure for perform

supply of the printer, as an initiaiizing process, the

Y PPI 1 and head-unit controller 10 of the hardwaré are
initialized and, for the software, the line buffer

10 memory RAM 3 is initialized and the operation of the
control ROM 5 is chécked, and the respective parameters
which are.used'for'pfbcessing-are initialized (step Sl).

After complétion'of the ihitializing process,

the head cap motor M. is driven to open the head cap

3
15 while moniforing the cap-mode sensor 8 by the MPU 2
(step S2). Monitoring the home position sensor 7, the
cérriage motor M, is driven to return the carriége C
to the home position H (step S3). Then,'monitoring
the sehsof 8, the cap motor M, is driven to close the
20 head éap to the head unit.HU (step S4). Further, the
mot.:_or'Ml is driven to feed £he fecordihg'papef by an
amount of, e.g., one line (step S5). After those
prqcesées, the head unit HU is initialized.
In.the'initiélizing process, the preheating
25 process (step SH) of the head unit HU is first started.
.LFig:_le shows an example of the ﬁreheating

processing procedure for performing the external



- 32- heating and internal heating;, As nentioned above, for the internal
heat;i ng, an output of.a pulse wdth, a voltage, and a high frequency within
ranges such as not to emt any ink is applied to the head unit HU fromthe"
5 controller 10, thereby allowi ng the heat to be generated in the head
unit HU. For the external heating, the heater HIR provided for the head
unit HU is used as a heating nenber d_the driver 14 is turned on by the
MPU 2, thereby heating the head unit”HU. The external 10 heating is
started in step SH1 and the head-unit controller 10 is set into the
external heating node iin step SH2. ~In the next step SH3, the print outputs

of all dot are set tp 1" internal heating is started in step SH4.

In the gaszh ‘ﬁt‘r{é:?%-liig‘ear?&%ﬁnalg‘%é%?’?wn? ¢ abaveye SR%t h, \J

vol tage, a nc f the print ou e pr ri t as will be

expl ai ned hnd‘eréelln At e a1 ﬁﬁ trlerl e%‘é‘éé)‘t‘% <5'jl"gcfat ‘gf) a%“iti%‘ een started in

t hi s manner checked to.,see if it

exceeds on v%%bée qcrgéns enfpe(*u?’J r%:ft Q} #ﬁ%ess (i’ 45 P%S t he

preheating 45 dni¥ Higd- 1n14 flé\lgppglieé& ¥ é}% s and t A x??r? gis
|

started and a check i's nade to see If a predetermne passed

after tbe sicitrdildia e taidialbyoral Twimtal thieatd W o5 trp atdd YES in
step SHG6, nanely, when the = tenperature does not exceed t'he constant

in the head unit HU. For the external heating, the

heater HTR provided for therhéad unit HU ie used as a
heating member and the driver 14 is turned on by the
"MPU 2, thereby_heating the head unit HU. The external
10 “heating is_started in step SH1 and the head-unit ' : R
_controller 10 is set intp theﬂexternal_heating mode in
step SH2. . In the next step SH3, the_print outputs of o/
all dots are set to "1". The internal heating is '
started in step SHA4. _In.the case.of performing the
15 internal heating, the pulee width, voltage,_and
frequency_of the print output are properly set as will
be explained hereinlater,_ ' W/
After the preheating of the head has been
started in thls manner, a temperature of the head unlt
b kceads on-
20 HU is checked to see 1f-tie-upper temperature—ei%4&ﬁr
head—unit-HU-exceeds—a constant temperature or not
(step SH5). If YES, the preheating is finished. If
NO, step SH6 follows and the preheating is started and
a check is made_to see if_a predetermined-time has
25 passed after the start of_the_external or internal ¢

heating (step SH6). If YES in step SH6, namely, when : ‘

- P

| PP
the upper temperature does not exceed theLeonstant



~§33-- 1 tenperature even after an explratlon of the predetern1ned tlne
step, SH7 follows. In step SH7, a command to stop the internal heating is
sent to the controller 10 to prevent the head frombeing thermally 5
broken, thereby stopping the internal heating. In the next step SH8, the
driver 14 is turned off to stop the external heating. Nanmely, in this case,
the preheating is stopped and the procegsing routine is returned to step S6
in kig. 17A. The upper constant tenperature 10 upper side denotes the
upper limt operating tenperature of the head unit HU (for exanple, [err])
It will be obvious that the sequence of the start and stop of the external

heating and i nLgk ﬂékagﬁg &emfp&cmwﬁiéi%%p%fr a‘fllljesRef erring again to .’ '

Fig. 17A, after t I Ng Was st oppe st ands by for a

pr edet er ni ned dﬁi:gseeagmm teméraégéﬁ SUPUESPIBGON | LhEoPediy it HU

| ocal |y heated 1s averaged (step S6 r an e apse 0 predetern1ned

standby tine, &8RmaAaPES! sEbPatNe eihtd ikl HOPESTRy | 5s REEA LT &0t ep SJ).
In the case where the sudden heating process was executed for the

preheating at ¢bgtibIBesl 10 UES-Prewdnt Nend W d SEXUN \beiky SHanEd)1yi ne may
be set to arelatively long tine. - In this case, it my be set to, 25

e.g., 500 rsecbréken, 1€hehely stoppimylthefinteermalk hendting. enln t they
process procedure. The em ssion condition-:
next step SH8, the driver 14 is turned off to stop the
external heating. Namely, in this case, the preheating
is stopped and the processing routine is returned to
step S6 in Fig. 17A. Thgﬁg;nstant temperature-on—ehe
10 upper—side denotes the upper limit operating
temperature of the head unit HU (for example, 42°C).
U It will be obvious that the sequence of the start'and
stop of the external heating and internal heating may
be changed. |
15 ~ Referring again to Fig. 17A, after the
preheating was stopped, £he apparatus stands by for a-
(N predetermined time and the témperature'distribution in
the heat unit HU locally heated is averaged (step S6).
After an elapse of the predetermined'sténdby time, the
20 preliminary emitting process is performed (step sJ) .
In the case where the sudden heating process was '
executed for the prehéafing at the time of turn-on of -
the power supply, the standby time may be set to a
relatively long_tlme. In this case, it may be set to,
'éi 25 .e.g., 500 msec.
| | Fig. 19 shows an example of the preliminary

emitting process procedure. The emission condition



- 34 -1 isfirst set to the head-unit controller 10 in step SJI. Then,
the print outputs of all dots are set to "1" in step SJ2. In step SJ3, the
print output is applied to the head unit HUto emt the ink. This 5
operation is repeated for a predeterm ned nunber of em ssion tines due to
the process in step SJ4. Thereafter, the processing routine is returned to
step S10 in Fig. 17A and the apparatd4 enters the print standby state.

mely, the initializing process for 10 the head unit HUis finished in
this manner. Then, the procedure is shifted to the print standby state
fromthe host conmputer. On one hand, the specified nunber of en155|on times
and the 1pariasmfisrstoéethtoeﬁhéshéadcﬁﬁﬂttt@ﬂtﬁ@l‘l@? D6 OPRT L ¥e, in ‘
accordance 15 with the environnental. conditions as will be e plalned
here|nafterSJM%enTheprlhhengrsngnahtpatsuoﬁlabﬂ dotsn ahe Se@stegonputer’ |
the standby state of a printing signal (step S10), the print data is
| at ched i ntolt hinpptep 532. anEntstepf8i3edthe phint ioetpuwt fis RAM 3. A
signal fromthe, tenperature sensor TS prOV|ded for the head unit HU is
det ect ed byal??lje’-?‘%:%% therkead ipnit iU dewi el ti Sthandink cheltkds s made to see
if the kenper at ée is, more than_a_l ower constant tenperature, e.g., 25

hi gher than RERITIR 1RireRe2ted 9T a |pregetenmined punker mfior [err] is
driven to mg% C@ﬁnéétgv.?e_%oz)the_prqcess J._n step SJ4.

Thereafter, the processing routine is returned to step
S$10 in Fig. 17A and the apparatus enters the print
standby state. Namely, the initializing érocess for
10 the head unit HU,;S finished in this manner. Then,
the procedure is shifted to the print standby state
from the host computer. On one hand, the specifiea | "
number of emission times and the parameters of the
emission condition can be properly set in accordance
15 with the environmental conditions as will be explained

hereinafter. 5

When a printing signal is supplied from the -

host computer in the standby state of a printing signal
(step S10), the print data is latched into the PPI 1

20 and trahsferred to the line buffer RAM 3. A signal
from the temperature sensor TS provided for the head
unit HU is detected by the temperature_comparing_
device 15 and a check is made to see if the tever
temperature is more than gzggnstant temperature, €.g.,.

25 higher than 20°C or not (step S11). 1If YES, the

head-cap_mptor M3_is driven to open the cap (step S12).

Then, the controller 10 is set to the ordinary printing

LEN
*

s @



Then, the controller 10 is set to the ordinary printing ° - 35 - 1 node to-
performthe prelimnary em ssion (steps SJ; refer to Fig. 19). On the
contrary, if NOin-step S11, nanely, when it is determ ned that the
temperature is |ower than the lower co gtant tenperature, the cap is 5
opened (step S13) and then the preheating process (steps SH, refer to Fig.
18) is performed After the standby state for the predetermned tine (step
S15), the em ssion condition and the nunber of emi ssion tines are further
set to thelcontéolger 10fand %ﬂe 10 Erelininar em ssion is perforned
steps SJ; re t . : 4t - ; n be set to
( SJ Fefe; orPgriosh the prelipinary; fissiolpisten® 4h b
be shorter than.the, abgve- i ongd andby,time wh he_ sudden ating
such as at thﬁef?ﬁetgfgégfggg§0n §P %&etﬁ8XF£85¥dihgq% ifniitﬁﬁtsggfforned.
The Mdwest co t ragu . }ég M ehd MLdy gPe ' -
tenperature oﬁ%ﬁgﬁegggﬁn?% ;Egg?al{‘%g r%e‘rﬂ’léfm 'S u#%&e%é%?uf% stop
the external heajbhgr(ghaR 48] condehhe Bhtgrent@ie Sl dde printing
state. Nanel g e ﬁea;rng pripcess 1's not ‘executed during the printing
oper ati on 5wh aCR5ELPIS19P hdl Ehéh tReUprékdatfRy process
(steps SH; refer to Fig. 18) is performed; After the
standby state for the predetermined time (step S15),
the emission condition and the number of emission
times are further set to the controller 10 and the
10 preliminary emission is perférmed (steps SJ; refer to
Fig. 19).
In this case, the standby time can be set to
1 be shorter than the above-mentioned standby time when
the sudden heating such as at the time of actuation of
(1g
- 15 the recording unit is not performed. Thecfonstant
temperature -en—the—lower—tomperature—side means the
lower limit operating temperature of the head unit HU.
e Next, the driver 14 is turned off to stop the
external heating (step S16) and the apparatus enters
20 the printing state. Namely, the heating process is

not executed during the printing operation when the

carriage motor M, is driven.

25

o



- 36 - In addition, the heating process can be al so per f or med Wi t hout
I nckeasing an el ectric power consunption in conjunction with the printing
process in step S20. Nanmely, during the moving 5 operation of the carriage, :
when the novirng direction is changed at both ends of the novenent range of
the carriage, the carriage C once ¥ ops at these turning points; therefore,
the heating process may be executed at this tine. 10 After the
start of the printing, when the printing of, for exanple, one line is
carried out and the carriage notor [err] stops (step S20), a check is then
made tojsee if the Id cagebitaion o tHe theatiwg prodedd) dan M e than the | ower
constant 15 tenperature or .ffot (step S21). If YES, step S22 follows. If NO
t he driver diso perfomwed ovijshdulr Mtdmeasdmy real disadtinigs (step S22) and t hen
step S23 follows. That is, a check is made to see if the tenperature of e
head unit H@Wer MIRSUMRLAD ithequiunciniton emddr dthe omimtriotg (step S23). |If
YES, the external heating is immedi ately stopped (step S25). If NO the
appar at us REARRSHAR Ftep 72l. ddameknedluy ing (they movAg® nsec) (step S24)
and thereafter the external. heating is stopped (step 25 S25). Next, as
shown i A FiqPerdtEon Rf ke catddfdfor Jhqiethe imovdng, dinestie®d t he paper
(step S30) ;¢ chanded at both ends of the movement range of '
the carriage, the carriage C once stops at these’
turning points; therefore, the heating process may W,
be executed at this time.
10 After the start of the printing, when the

printing of, for example, one line is carried out .

and the carriage motor M, stops (step S20), a

check is then made to see if the lewex temperature
of the head unit HU is more than“thgzggnstant
15 temperature or not (step S21). If YES, step S22
follows. If NO, the driver 14 is driven to perform
the egternal heating (step 322) and then step S23
follows. ' That is, a check is made to see if the
uppex temperature of the head unit HU is more than
20 th:7?gﬁstant'temperature'6r-not (step S23). If YES,
' the external heating is immediately stbpped'(step
| S25). If NO, the apparatus stands by for a pre-
determined time (e.g., 200 msec) (step S24) and
thereafter the external heating is stopped (step
05 S25).
Next, as shown in Fig. 17B, the paper

feed motor M, is driven to feed the paper (step S30)

1



-.37°- 1 and processes in steps S31 and S32 similar to those in steps S21
and S22 are executed and then step S40 follows. Nanely, the internal tiner
i-s turned on by the MPU2 and a check is nade to see if the print 5 data
Has been |l atched in the PPI 1 within a pre- determined tinme (for exanple,
within five seconds) or not (steps S403dnd S41). If YES, step S16 in Fig.
17A follows. If NO the driver 14 is turned off to stop the external
heating (step S42). The 10 carriage nmotor Mis driven to return the
carriage C ﬁo tgg hone positi.on H &%%EP 84%%# Then, the cap nmotor Mis
driven to cl os@PPhB*O55SCE S sESP 3heng &3 §imglagutiondhoser et ur ned
to step S10 in,Ei 7Aaslb In this ner, ,according taq this
errbo\:jﬂ/ni- ment , é‘Ft %rte esg cRR%: 554 ﬁlr(?cgg‘seﬁﬁg%g@é‘r‘? QuBEEP 15}42’

prelm nary emiggi pro R i_qui,d dropl ets whi.ch are not used
for the recorthgi?gséarﬁggglgﬁtEgkhdé&%?%gﬂTéegPﬁiﬁﬁ FHF@FPUSPion or 20

stop interval BGC@RRSMPERY ah@NY JRLR’GL Wade"$oC2e8 WEethe! BEsRESCOSI ty Of

the recording Iiquid remarkably increases due to the evaporation of the

sol vent Conponaakaaﬁagebbentﬂ%t%ﬁbht&%gtﬁﬂﬁ@@&!qanE%QnPEi?EEﬂg can be
optim zed. That is, the 25 portion of a high viscosity of the recording

liquid is firstebeghidedugiime {(Eorpesampllie)dwiitBinsFived seldnlagnperature
i ncreases, so that the viscosity of. _ '
or not (sggps S40 and S41). If YES, step S16 in
Fig. 17A follows. If NO, the driver 14 is turned
~ off to stop the external heating (step_s42). The

10 carriage motor M2 is driven to return the carriage
C to thg home position H (step S43). Then, the cap
motor M3 is driven to close the cap (step_$44)

N and the proceSSing foutine is returned to step
S10 in Fig. 17A.

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

\u/ droplets which are not used for the recording is
carried out. Thus, the recording interruption or
90 Stop interval_bgcomes very_long and even in the case
" where the viscosity of the recording liquid
rema?kably increases due to the evaporation of the
solvent 'component as well, the emitting operation
upon printing can be optimized. That is, the
o5 portion of a high viscosity of the récording liquid
= | is first heated due_to_the preheating process and

its temperature increases, so that the viscosity of



- 38 -+1 the recording liquid is reduced to a value such that the liquid
droplets can be emtted. By subsequently performng the prelimnary
emtting process in this state, the recording liquid in this portion is.5
drained to the outside of the Iiquid channel ICH so that the recording
liquid a viscosity of which |ies mit?fn_a range suitable to emt is
supplied to the portion near the emTting heater ET and thereafter the good
emtting state of the recording 10 liquid is derived. To confirmstability:
of this emtting state, the applicant of this application has perfornmed the
fol | owi ngl exphe i recdsdihgxpeguianisugeddckle tembodainet kuthethak-j et

printer according to this 15 enbodi nent having the recording head unit as
shown i n Fi gthd 5Bigaidudedplétswbanhbeveniytéaur 8k tubgeghandigneter of
each orifice is 50 x 40 [err]) are vertically arranged in a line at reg r
i nterval s of pérfaumimgi the hpredimidany amittingt probessZ@nr ehdsdi ng
apparatus was filled with the recording liquid containing the follow ng
conposi ti onsStare. t ke reecarding Llhquidcéndthgsapoetien éspirati on of the
recording interruption period of twelve hours under circunstances at [err]
and 30 %+, RR1ReY &P eptaide| pfgthesliayidachansel f@lh so[err] and a

frequency 10.K4F YRS 200or&fngC1148:18 ™" Vi08o0s8y%0s which
lies within a range suitable td emif is sﬁpplied
to the portion near'thé'ehiftiné heater ET and ' W/
thereafter the*gdod emitting state of the recbrding
10 liquid is derived. To confirm stability 6f this
emitting state, the applicant of this application

has performed the follbwing experiments.

[Experiment using the embodiment ] A
Thg ink-jet printer according to this
15 embodiment having the recording head.unit as shown
in Fig. 15B was used, in.which twenty-four orifices
(a diémefer of each orifice is 50 x 40 pm) are _
o/

;fVertically arrangéd in a line at regular intervals
of 0.141 mm in the recording head unit. This

20 recordiﬁg apparatus was filled with the recording -
liquid containing the following compOsitions{ At
the.resta:t of'fﬁé'recording after an expiration of
the recording interruption period éf'twelve hours
under ciréumstanbeé'at 25°C and 30 $RH, the signal

95 of a voitége'23;5 vV, a puise width'supsec, and a
frequendY'lO kHz was applied to the emitting heater

ET when the preheating was performed. Next, the



ET when the preheating was performed. Next, the - 39 - 1 signal of a
voltage 23.5 V, a pulse width 10 [err] and a frequency 2 kHz was applied to
t-he emtting heater ET by an amount of a hundred pul ses, thereby emtting
tthe 1iquid droplets which are not used for 5 recording. The recording
apparatus regarding the defective enrs$Porr after the recording interruption
was eval uated by neasuring the nunber of |iquid droplets which were not
emtted in response to the recording signal until the quuid dropl et s of

the 10 reco d| qU| for se | cord| enltted from al
of twenty- f{)ur‘s ]1 %1}{" cgulei ositions
of the recordl I f I f 0 C 1
di rect bl ack . é %%&é éﬁ ?&a}g _et %eedg ¢ tClH él}éltt]{hg 30 wei ght
par t\Yat er ter ET by an C?mov]rpc V¥ Hihtded BXPELddTE héi:%t%g the
conpari son exanp ﬁ The recor di ng apparatus having a constitu- 20 tion

sim/lar to tm%m%ﬁ%%ﬂq“ﬁﬁéfﬂﬂﬁdih\Mﬂdﬂlé¥33hﬁibﬁﬂé¥érﬂdﬁﬂuéé&ﬂkﬂrto em t
ets

recording liquid droj for use inTrecording is applied to the emtting
heatser uporg r&@adi*dig:gmas e e cOY @I P EPPHAD WP PindFin®Hd | 1 ed with

t he above- 25 nentioned recording |IC]UId At the restart of the
defective emission after the recording interruption
was evaluated by measuring the number of liquid
droplets which were not emitted in response to thé
recording signal until the.iiquid droplets of the

10 recbrding liquid for use in the recording have
been emitted from all of twenty-four orifices.

The result is shown in Table 1.
\_/ The compositions of the recording liquid
used for recording are as follows.
15 C.I. direct black 19 };;.. 2 weight part
Diethylene glycol  ..... 30 weight part
Water *eeo. 70 weight part
W ~ [Experiment using the comparison example]
The recording apparatus having a constitu-
o0 ‘tion similar to the embodiment and in which only
an electrical signal to emit recording ;iquid
dropiets for use in recording is appiied to the
emitfihg heater upon recording ﬁaé used.-.This
recording apparatus was filled with the above-

25 mentioned recording liquid.. At the restart of the

1

% recording after an expiration of the recording

interruption period of twelve hours under



recording after an expiration of the recording interruption period of

twel ve hours under - 40 - 1 circunstances at [err] and 30 %RH, only the
el ectrical signal of a voltage 23.5 V, a pulse width 10 psec, and a
frequency 2 kHz to emt liquid droplets was applied to the emtting heater
5 and the recording was perforned: 49t recordi ng apparatus after the
recording interruption with regard to the defective em ssion was eval uat ed
in a manner simlar to the experinent using the enbodiment. The result is

hown in  Table 1. 10 Table e _nunber of _|.i qui d dropl et Recordin
ahich ;rb ndi TR ?ﬁﬁi?g'gygc ggaté?r%ﬁgigﬁégyiﬁﬂgd dfoplets areI )

emtted tion.1l . . rom al| 24 oriftiges_- - period tine
Enbodi - rn”“éieé%rlcal 81gna{ 8?16_vof£age 95.& 9, a pgisao Conpa- Tg;?

l'i quid dropl risg ' r f_24 .
exanpl e oriff%ézﬁw¥§3é§§?'b%8€n e?g%é%%g?¥0%1 a%?ggleﬁﬁgp 25 even at the
restart ngf gl £ Wb it €4 hs L 8Fp P8R SE Ofns UeRiBL PRG héataE | v | ong
5 and the recording was performed. The recording
‘apparatus after the recording interruption with

regard to the defective emission was evaluated in

a manner similar to the experiment using the

o/
embodiment. The result is shown in Table 1.
10
Table 1
: The_number“of liquid droplets Recording o/
which are not emitted until interrup-
the liquid droplets are emitted | tion
15 'frbm'all of 24 orifices period
time
Embodi- . "/
ment o 0 ' 12
20 Compa- |The liquid droplets were not
rison |emitted from two of 24 12
example|orifices.

v

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

interruption or stop period, the good and stable



interruption or stop period, the good and stable -

41 -

1

emtting state

of liquid droplets can be al ways obtai ned. Next, explanation will be nade
with respect to the setting of the parameters of the pulse width, 5
f'requency, voltage, etc. of the print output in the preheating process and
prelimnary emtting process. The degretl of deviation of the viscosity of

| CH, particularly,
near the orifices OR fromthe proper range due to the recording inter-

i i od individual |y ditfers in depend
Char act ot st o B gared (o huhle ShdeldeFTEE 68

record- 15 in Aéé&&éﬁ the environnental conditions such as tenperature,
[

the recording liquid existing in the liquid 10 channel

hum dity, and the

;he
Q%roperty of the

e of . the location where the apparatus is installed and

used—and the like. Thysee ! ey pPLRURISh Sy i1 D6 MRAE! wokhPHspdct he

preheating process, particularly, 20 in-the 1nternal heating process are
suitably sel ectgd {1l a6&O¢ g COs Whd paLahdeters dypl tREPpuBsYSesdEm t heir
use conditions. On one hand, ‘the signal which is supplied to the enmtting

heater ET i8 therdq@dndy NaryleRge i étéNdopr eReSprintapptped imder the.

condi ti ons

the preheating process qu preliminary emitting

process.

of the rechding_liquid existing in the liquid

" The degree of deviation of the viscosity

10 channel ICH, particularly, near the orifices OR

from the proper range due to the recording inter-

ruption or stop period individually differs in

N\, dependence on the characte:istic of the apparatus

which is used, the_physical property Qf the record-

15 ing liquid, the environmental conditions,suqh as

temperature, humidity, and the like of the

location where the apparatué is installed and

N\ used, and the like. Thus, the parameters of the

print output in the,prehgqt;ng p:ocess,_particularly,

o0 in the internal heating process are suitably

selected in accordance with the individual

apparatuses and their:usg conditions.

> On one hand, the“signal which is supplied

to the emitting heater ET in thelprelimipary

25 emitting process is applied under the conditions

such that the recording liquid whose viscosity is

out of a range suitable to emit the liquid



stich that the recording liquid whose viscosity is out of a range suitable
to emt the liquid - 42 - droplets upon recording can be emtted and
renoved to the outside of the liquid channel |1CH Further, the nunber of
em ssion times in the prelimnary emtting process can be varied in 5
accordance with the environnental-cpnditions at that tine, thereby enabling
the process to be efficiently executed. Fig. 20 shows an el ectrical signal
which is applied to the emtting heater ET. In this 10 diagram [err]
denotes a voltage and [err] is a pulse width. Wen the signal is supplied
to the et tropletst apoRT recoxiddny aerntbienenpitimes and fremdyeldes are
produced due to the heating, there mght have occurred the case where the
subsequent &@i $beopusside qf(?hﬁjkﬁQQﬂdHQhanaﬂiniﬁﬁwwtable or no droplgiz
is emtted in the worst case. Therefore, the el ectrical signal which is
applied to the eni t FUE§hEEZat &heEPumRer mlemissienmidmes dnyi thin a range
such as not to roduce a bubble on the emtting 20 heater, ET. On the

ot her hand, *8fn Eel]'HB‘é'é‘aﬁ%’ R D RFQSESS e R&vamied tife power suppl y

of the ngin gz;,ga#gep;g&gle@%g LRSI S e

that time, thereby enabling the process to be
efficiently executed.
Fig. 20 shows an electrical signal which <
is applied to the emitting heater ET. In this
10 diagram, Vo'déﬁofes a voltage and w, is a pulse
width. ﬁhen the signal is supplied to the emitting

heater ET in the preheating process, if bubbles are

produced due to'the.héating, there might have o
occurred the case where the subseqﬁent emission of
15 liquid dropiets becomes unstable or no droplet is
| emitted in the worst case. Therefore, the
electrical signal which is applied to the emitting

heater ET upon preheating must lie within a range
such as not to produce any bubble on the emitting
20 heater ET. |
On the other hand, since those preheating
processes are set when;the'power'supply of the
printer'is'tufned on and when the printing is
started, the preheating is fairly frequently
25 executed. Therefore, the deterioration in
durability of the emitting heater ET due to those

preheating prbcesSes must be avoided. The inventors



25 executed. Therefore, the deterioration in durability of the emtting
heater ET due to those preheating processes nust be avoided. The inventors
- 43 - of this application have studied the durability of the emtting
Heat er ET when an electric power (W which is applied to the enmitting
heater ET was kept constant and the pulgg width [err] and applied 5

voltage [err] in the preheating processes using the emtting heater ET were
changed. Thus, it was confirmed that the durability of the heater ET is

i nproved as the pulse width [err] and applied voltage [err] are small. 10
On the other hand, thie appiicefibnetiave Btadiede theadusainiliyy @ga desired
tenperature is determned by the electric power (W which is applied to the
enm tting heater the. emdubing, hastekeETcwhah per Baerrade glowelre (wgcor di ng
appardtus, 15 it is desirable that the tinme needed until the printing is
started, namel ywhigk &ai appyiedntoi thesemidtings heaserbET was spite of such
a purpose, it is undesira- ble to thoughtlessly increase the voltage which
is 20 applied tb®PheCeRPtenhg2Adathe BWlen widkb wi Bhd dppidbeHity of the
heat er as ntioned above., Further, since the production of a bubble on the
emtting hedterVET-38dnVorthethengrehgatingnprocesses using the

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

voltage Vo are small. .

10 On the other.hand, the time required to
‘'heat the head unit HU to a'desired temperafﬁre is
determined by the electric power.(W) which is

N/ applied to'the'emitfing_heater ET. Howéver, as
the actual performance of the recordiﬁg apparatus,

15 it is desirable that the time needed until the
printing is started, namely, the waiting time.is
as short as possible.

" In spite of such a purpose, it is uﬁdesira—'
ble to thoughtlessly increase the voltage which is

20 applied to the emitting heater ET in terms of the
durability of the heater as mentioned above.
Further, since the production of a bubble on the
emitting heater ET upon preﬁeating:causes the
subsequent defective printing state or non-

25 emission, it is difficult to increase the pulée
width as well. |

- Therefore, to raise the temperature of the



subsequent defective printing state or non- 25 emission, it is difficult
to increase the pulse width as well. Therefore, to raise the tenperature of
t he - 44 - heat unit to a desired tenperature for a short tine and
within a range such that the preheating processes do not influence the
durability of the emtting heater £T44nd no bubble i s produced on the
heater, 5 it is effective to increase the frequency of the el ectrical
signal which is supplied to the emtting heater ET." Fig. 21 shows an

exanpl e of he .rel atiqn bet en nut % and head. t enperat ure
10 [err]! tr\ﬁﬁ cAe ¥ &4 86 lfe‘*]e‘ﬁ%pep’?%%‘éa?l s g?\{:}t Fv\,h?c i s applied

to the eri 1) 1o, wIERLA" aFTahBe V350, 2EnaePREATELA e&tgn[dﬁ oA, e

appl i ed voltage err was set to 5

\_/
psec, and the %?5& The head
temperature was S:et ect e(?“?%%t e terrperlla%ue sensor ﬁ@&r appl i cant of
this appliCela@arNafr Rl Q{J%ﬂtﬁ% T | e d\Sed 4o XI5 | REd e by changi ng

the voltage pul se wi dth, and frequency fromthe 20 vi ewpoi nt's nenti oned
above. (Exanqpl sl FEHaR iR jto) iRidrdale ANDEidGudicy GE the
electrical signél which is supplied to the emitting
heater ET. |
_Fig.;Zl.shows an example of the relation
between the tiﬁe.(minuté) and the head temperature
10 (°C), in which the frequency of the preheating .
signal which islapélied to the emitting heater ET . .
is used as a pafamete:. In this exaﬁple,.the
applied voltage Vo ﬁ;s set to 24 V., the pulse widtb o/
w, was set td 5 psec, and the frequency was set to
15 10 kHz, SkHz,.and ZkHz. The head temperature was
detected by tﬁe temperature sensor TS.
The appiiéant of thi§ application has
performed the following two experiments by changing o/
thé qutage, pulse width, and frequency from the
20 vieﬁpoints ﬁentiohed above.
(Example 1)
| The iﬁk-jet printer according to the
embodiment havinglthe_pozzle unit N2Z ﬁs_shown ;n
Fig. 15B in which twenty-four orifices (a diameter
o5 Of each q;ificé is 50 x 40 um) are vertically
arranged in a iiné at regular intervals of 0.141 mm

was used. The recording apparatus was filled with



enbodi ment having the nozzle unit NZ as shown in Fig. 15B in which
twenty-four orifices (a dianeter 25 of each orifice is 50 x 40 pm are
vertically .arranged in a line at regular intervals of 0.141 mm was used.
The recording apparatus was filled with - 45 - 1 the recording liquid
havi ng conpositions simlar to the abo¥®.~The electrical signal was
supplied to the emtting heater ET under the conditions as shown in Table 2
and t'he preheating was performed. 5 Presence and absence of

producti on of PHQbi'é’é%FEEEgC??&{SEH hxvszhaeexﬁ\glss@eiwe Q,e.am,éus_bng an

optical mcroscope. The resu I's shown T'n Table 2. Table 2 10
Appl yi ng condi the@ngbsbe reRer€L86t¥2Lha08ignhleNd8NepplReaseow dth 24 V

2 kHz\_ 10 [err] 15 Applying conditions when preheating Vol - Frequen-
Pul se Appl yi nghe Rsmilt€ingnhe€at&éf0ET undey the cvhdibionst ase bubbl es
on the heater 26V 3.7 kHz 5.0[err] 15s Bubbl es were produced

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. _
Table 2
10 Applying conditions
when recording
Voltage Frequency | Pulse
. : width
24 V 2 kHz 10 us
15
Applying conditions when preheating
. Vol- | Frequen- | Pulse | Applying | Production of|
KJ’ tage cy width time bubbles on
- ' - ) : . the heater
; X Bubbles were
26V 3.7 kHz |5.0us | 15s produced
20
24v | 2.7 kHz [7.5us 15s Bubbles were
S produced
24v | 10 kHz |2.0us 15s No bubble
15V 5.0 kHz 10uns 15s No bubble_
10V |11.6 kHz | lous | 15s No bubble
25 (These conditions are determined by setting

the electric power consumption constant.)



2Q 24V,
2. 0 Jerr]

No bubbl'e 10V 11.6 kHz

constant.)

2.7 kHz 7.

15s

- 46 - 1

Bubbl es were produced 24V "
|0 [err]

5[err] 15s
No bubble .15V
10[ err] 15s

(Exampl e 2)

5.0 kHz

No bubbl e 25
conditions are determ ned by setting the electric power -consunption

15s

10 kHz

(These .

4ghe-ink-jet prirnter simlar to (Exanple

1) was used and the recording apparatus was filled with the recording

liquid containing the foregoing 5

the emtting heater

ET.

The result

petition connec-
was used and the recording apparatus was filled

10

15

20

25

with the recordlng 11qu1d contalnlng the foreg01ng

composit

conp03|t|ons

The signa

ET under the conditions as shown in Table 3.
preheating AIERGREIRS 2eT € repeated to exanmine the durability of the heater

ions.

- times

The 51gna1 was applled to the

emitting heater ET under the condltlons as shown o

in Table 3. The preheatlng processes were repeated
to examine the durability of the heater ET. The
result is shown in Table 3.
- Table 3.
. Preheating
Voltage | Freguency|Pulse|Applying|Number Number
' width time of re- of dis-~
' petition|connec-
times tion
of the
heater
24v 10 kHz | 2.0ps|15 sec. | 10° Nil
15V 5.0 kHz | 1lous|ditto  |ditto Nil
1oV 11.6 kHz 1Qusfditto ditto Nil

It will be understood from Table 3 that'the

pulse width of the electrical signal which is

supplied to the emitting heater ET in the pre-.

heating processes is preferahly set to be smaller

than that of the electrical signal upon recording.

As the result of further detailed experiments by

was applied to

The

I's showmn in Table 3. 10 Table 3 Preheating Vol tage

Frequency Pul se ApMmhduiﬂﬂHﬂEr privydersinmiltdr té i (Example rke)
tion of. the heater

of disL‘}S



24V 10
[err] ditto
ditt

kHz 2.0[err] 15 sec [err] Ni | 15V 5.0 kHz 10

ditto

Ni'l 20 | Ov 11.6 kHz 10 [err] ditto

Nil It will be understood from Table 3 that the pul se width of

t°he el ectrical signal
pre-.. 25 heating processes’'is preferddbly set to be smaller than that of
the el ectrical signal
by - 47 - 1 the present applicant, it has been found that it

experiments
is desired

of the puls
appreci at ed

el ectrical sig

o set the

which is supplied to the emtting heater ET in the
upon recording. As the result of further detailed

pulse width to be a width within a range of 1 to 1/20

thFhPESSE“FeEBP&FLHQDtS it has bepn fowind ghati dtwillsl be

t hat

Bapinac kol Befyt

eferaBIe tQo set ,the applied valtage of the

£ BHLES VﬁétBnFPtPﬁgahgaﬁép ET in the

refedtin rog e to be equal an_t he olta e upon
Pecordlhgg 20 witRiR P§838? 1b§ sgpﬁbnagtﬁgefp 5 @935 tre elegtrica

signal in the p
the'tine requir

nunber of
nmenti oned a

o/
10
N\
15
o/
20
25

ggg?gghﬁg processes to be higher than that upon recording,
ed Tof

€ating can be reduced. Those paraneters and the

| ses 15 c3f BAaYEi¥nSask! %138 bBY aPBlEE:bRE4CRALEC ST 10 as

ove.

is preferable to set the applied voltage of the

electrical signal which is supplied to the emitting

heater ET in the preheating processes to be equal

or lower than the applied voltage upon recording.

Moreover, by setting the 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 pﬁlses

can be very easily set by using the controller 10

as mentioned above.

The emission condition in the preliminary

emitting processes will then be explained.

- In the case where the recording has been

interrupted or stopped for 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

viscosity'of the residual ink can be reduced due

to the above-mentioned preheating processes, its

viscosity is higher than the ink fitted for



The eni'ssion condition in the prelimnary emitting processes will then be

expl ai ned.

n the case where the recordi ng *has* been 20 interrupted or

stopped for a long tine, the viscosi- ty of the ink remaining in and near
the orifices OR increases due to the evaporation of the water and val atile
organi ¢ solvent and the like, so that8t+he ink is less likely to be emtted.
Al t hough the 25 viscosity of the residual ink can be reduced due to the
above-nmenti oned preheating processes, its viscosity is higher than the ink

fitted for

48 - 1 r&cording
liquid drloplRRLTH P Eratdthei 81788 cBRPeF Tk #Rdithto

Ther ef or e,

and the sizes, _speeds,. and_the like of the
§§¥3f8f recor di ng.

_ _ res P oBLFS T BF recor di
subsequent 1004 nbEeF iR PRI, SRR o BhYs RofRaffn ok cces! the"iik
[ t al ) | : th | pul [ | whi

5 orL 2 vt e e BRRSE 0ot Porkighonk] SEy oLy ibe o oncl v
the energy dmibeumbiba! chProl ehlahop amesd 85k ol an-ibg eneroy of the

signal upon printi-rng and

emtting time 1 n accordance with

the envi onmRN aduksEEhdnONeo tHE prdReseiyred for the prelimnary
~em ssion can be reduced and a high 15 efficient emnission can be realized

10

15

20

25

~Upon preliminary emitting processes, the
ink is not always emitted in response to the first
pulse of the signal which ié applied to the emitting
heater ET at that.time. Therefore, by increasing
the energy of the signal upon preliminary emissioﬁ
than the energy of the signal upon printing and by .
varying the emitting time inlaccordance with the
environmental condifions, the time required for \uf
the preliminary emission can be reduced and a high
efficient emission can be realized.
The increase in the energy of the signal

upon preliminary emission may be accomplished by

practically increasing the voltage and/or pulse o’

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 usec, the voltage and/
or pulse width of the signal upon preliminary
emission may be set to be larger than those values.
According to the experiments by the preéent
applicant, the good result was obtained when the

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

<
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The increase in-the energy of the signal upon prelimnary em ssion may be
acconpl i shed by practically increasing the voltage and/or pul se w dth than
tthose upon recordi ng. Nanely, assum ng 20 that the voltage and pul se width
df the signal which is applied to the emtting heater ET upon printing-are
respect.ively ‘24 V. and 10 psec, the vofPage and or pulse width of the si-gnal
upgn prelimnary em ssion may be set to be larger than those val ues. 25
According to the experinents by the present applicant, the good result was

obt ai ned en I {ﬁgﬁ ' fi i " rably,” -
49 - one \_tMci) t\/\%'n'tgier/r(gs&?cgretger ?\%ﬂréﬁ%@&q‘uﬁgﬁ;%’% r}{p:ég'g&’arn{g&tlﬁ% %Eﬂﬁse_ wi dt h
was |ikew se sie Igulife ALK Wda/ O ikdWise Wt Y e ond &0 FikdO L1 MBS

| arger than that upon printing. 5 Wth respect to the emtting

tinBy—it is dasined) PricEeribiye JHERY Qo Viinkd AArideRethanamel y, the
nunber of pulses in accordance wth the environnmental conditions.

Accordi ng to tttmatexjpon Primtingt he present applicant, in the pre- 10
limnary em ssion (steps SJ subsequent to step S6 in Fig. 17A) before the
start of the printing Wiftthe redpedturto dheofentilts imgerimeypplty iswhen 100 to
150 pul ses were applied to the emtting heater ET, a good printing quality
coul d be deri ¥esiyzahdie to set the number of emission times,
namely, the number of pulses in accordance’ with the
environmsntal conditions. According to the
experiments by the present applicant, in the pre-
10 liminary emission (steps SJ subsequenf to step S6
in Fig. 17A) before the start of the printing
after the turn-on of the power supply, when 100
" to 150 pulses were applied to the emitting heater
ET, a good printing quality could be derived affer _
15 that. After the start of the printing, the
viscosity of the ink is high at low temperatures
and the emission is more difficult to become
W, stable as compared with the case at'high_tempe:a-
'tures;'therefore, it is preferable to properly
90 set the number of ink emission times. According
to the experimsnts.by'the present applicant, in
the preliminary emission when the &ew&s :
téﬁperatuge is more than theL?onstant temperature
(e.g., 20°C) (when YES in step Sll in Fig. 17a), it
25 has been confirmed that the stable emission was

T obtained when 20 to_§0 pulses were applied to the

“ emitting heater ET. On the contrary, in the



15 that. After the start of the printing, the.viscosity of theink is
high at | ow tenperatures and the em ssion irs nmore difficult to becone
stabl e as conpared with the case at high tenpera- tures; therefore, it is:
preferable to properly 20. set-the nunber of ink em ssion tines. According
‘to the experinents by the _present- gggld cant, in the prelimnary enission
when the tenperature Is nore than the | ower constant tenperature (e.g.
[err]) (when YES in step SII in Fig. 17A), it 25 has been confirned that
t he stabl e em ssion was obtained when 20 to 50 pul ses were applied to the
emtting h&mediminany, emiesion whep the thearer tempergtawreniifary eni ssion
when t he | qwer tenperatukeﬂrs | ower than the Iomer constant tenperature

(when NO i toMed, ten theyconspant é&ﬁ“@ﬁrﬁ‘%ﬁ&s (¥den, &9 dRen 50 to 100 -
| t he .h di t
Phose pre- e%%”#ﬁ&-e%q : %éfei °&u’f’at§e darweiayﬂeys'é&” by usi ng. the.

controller rQGeSR es . C operly executed at a
hi gh speed WI t]h rl"im?"ncre:lviell:[n% %3: %’E E@I On the
ot her hand, if the I5 r di to thIS enbodi nent is
used |sglln1ted an |s pre E#ﬁarl%?ﬁbn cIeaQ%%sg mn, t he nunber of

em ssi on tiNeSinedy kit e Pratbses can be also easily set
by using the cohtrol;er'10'up0n'prGCéssing. The
processes can be properly executéd at a high speed
without increasing. the burden of the MPU-2.
10 - On the other hand, if the region where the
printer according to this embodiment is used is >
limited and is preliminarily and clearly known,
the number of emission times can be also changed
for every region. For example, in the region at
15 @ high temperature and at a low humidity, the
temperature is always high and the ink is remarkably
dried. Therefore, an amount of preliminary emission
on the upper temperature side is increased than
that.on the lower temperaturé side to stabilize the
op emission of the ink. Also, by changing the above-
mentioned numeric values of the number of[émiséion
times, fhe stable ink emission cén be derived.
Although the ink-jet printer of the pre
in which .the head unit, is mounted on the carriage
25 has been described in this embodiment, the present
invention is not limited to this but may be

apparently applied to the ink-jet'prihter of what



for every region. For exanple, in the region -at -15 a high tenperature and-
at a low hum dity, the tenperature:is always high and the ink is remar kabl y
dried. Therefore, an-anmobunt of prelimnary em ssion on the upper
t'enperature side is increased than that on the | ower tenperature side to
stabilize the 20 em ssion of the ink. Al so, by.changing the above-
mentioned nuneric’values of the nunbeblof enission tines, the stable ink
emrssi on can be derived. Although the ink-jet printer of the type in which
t he head unitis nDunted on the carriage 25 has been described in this
enbodinent S i hed f IS _hut m
apparent |y app |e %’Qi I NK- épl’l r o ‘%ﬁn h%tpri fg'ltti’ caIIed a

full-multi t I f d th
ul'l -mul ti y%thofﬁ&eo dg}aaq herd g4 ?u%e o2 ,3geRd in the

di r es¥i on of e recordi g paper. In a tion, the respective

parameters 5 Jd tHe ddBildd Papercesses and the respective paranmeters and
the nunber of emssion tinmes I'n the prelimnary emtting processes have

been set in accordancanivaddaition,cram addspetdnd pagamatedBnt i oned in the
enbodi nent. However, the 10 inventionis not limted to this method but

can be al sg apm|théIprdﬂuatmﬁguptddesmebyanbomhex&&pbectﬁhese par anet ers
and the nunber of em ssion tines
parameters and the number of emission times in
the preliminary emitting processes have been set
L in accordance with the temperature condition as
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
conditions such as humidify, pressure, or the like.
15 Moreover, although the electrothermal
energy converting device was used as the emission
O energy generating means in this embodiment, for

example, a piezoelectric element may be used.

As described above, ascording-to-the.
90 Present—inveation, before the start of the printing

after the turn-on of the power supply, the proper
emission condition is set to the head-unit
controller and thé 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 éimplified and the printing state



are set in accordance with the environnmental conditions such as hunmidity,
-pressure, or the like. 15 ) Mor eover; al't hough the el ectrothermal
energy converting device was used as-the em ssion energy generating neans . -
in this enbodi nent, for exanple, a piezoelectric elenment may be used. As y
- descri bed above, 20 -before"the start .of the printing after the turn-on

of the power supply, the proper eni$2i-en condition is set to the head-unit
controller and the prelimnary emtting processes are performed. Therefore,
there is .an effect 25 such that it is possible to realize a |iquid-
di schar ge recordln%nnp paratus in which the software can be sinplified and
the prifhti fGFse Promptdy and easidy enddmizedand easily optimzed. In
addition, the apparatu also ha anqéﬂﬁdﬁt.such t hat .the em ssion conditiaon
can be easily chand®2 %g also has an o/

effect such that the emission condition can be

easily changed.

5
\/
10
15
\.)
20
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-53- CLAIMS 1. A | i qui d-di scharge ~ recording’ appar at us,
conprising: 5 a liquid-di-scharge recording unit havi ng em ssion
ener gy generating neans responsive to an electrical drive signal to inpart
eénergy to a recording liquid to forma f]ying liquid droplet which is
emtted fromthe recording uri't; 10 Tecording unit controlling neans
for_.causing such a drive signal to be supplied to the recording unit in
response to input of a recording signal to cause a droplet to be enmtted
for deposition on a recording material”™ i & normal recording operation; 15
pre-em ssion controlling means for Y4g"9 such a drive signal to be
supplied to the recording unit to causéﬁgFogﬁet em ssion in a pre-em ssion
.mode before a normal recording operation and for adjusting the drive signal
such~hat a pre-enission condition thereof 20 is adjusted

according to a ciycunmstgnce g qu | SCOYcbrdingne I & g@@@dyﬁs,
liquid in the recording unit. 1111 1111 1 11111111711171T1112 - 54 -

An apparatus as ddnpriEsingsn claim 1, wherein such a pre-emssion
condition is adjusted according to
5 ‘a liquid-discharge recording unit having emission

energy generating means responsive to an electrical

drive signal to impart energy to a recording liquid to

AL form a flying liquid droplet which is emitted from the
recording unit;

10 - recording unit controlling .means for causing such a
drive signal to be suppliedzto.the recording unit in
response to input of a recording signal to cause a
droplet to be emitted for debosition on a iecording
material in a normal recording operation;

15 pre~-emission conprolling' means -for causing such a
drive signal to be supplied to the recording unit to
cause droplet emission in a pre-emission mode before
a normal recording operation and for adjusting the
drive signal such that a pre-emission conditionyhyq

_20' thexaby is. adjusted according to -a circumstance

affecting the viscosity of the recording liquid in the

recording unit.

* c L M S *



an environnmental condition. 5 3. An appar at us as clained in
claim 2, wherein such a pre-em ssion condition:is adjusted_according to
tenperature. 4. An apparatus as claimed in claim 3, wherein such 10

a pre-em ssion condition is adjusted according to the tenperature of the
recording unit. 5. An apparatus as claimed in. any of clainms 2 to 4,
wherei n such a ‘pre-em ssion condition is adjustéd 15 according to
pressure and/or humdity. 6. An apparatus according to any preceding
claim wherein such a pre-emssi-o®4 condition is adjusted according to
whet her the succeedi ng normal recording 20 operation is an initial
recordi ng oper @4 on Alyr appaRatarfe@s neledmedecdndi edadper dt,i ethergin An
apparatus as clained in any preceding claim wherein the pre-emssion
control | i ng mearfiGh & RFensmisgion conditdionsds, adjmwssed,rcs@rsdangotto haws
drive signal. -55- 8. An _.apparatys as clainmed in any preceding
claim mhereirthﬁaﬁﬂ%¥5ﬂﬂQ§ﬂ (ééﬂdiﬁ OMtg neans is operable to adjust a
pul se width of pulses of the drive signal. 5 9. An . apparatus as cl ai med
in any preceding claim wherein the pre-em ssion controlling neans is

operablego adj upt a Mrauepa dedsh® U Ve131iH3A in claim 2, wherein
such a pre-emission condition is adjusted according to

temperature.

4. An apparatus as claimed in claim 3, wherein such
10 a pre-emission condition is adjusted according to the

temperature of the recording unit.

5. An apparatus as claimed in any of claims 2.to 4,

.wherein such a pre-emission condition _is adjusted
15 "according to pressure and/of humidity.

6.  An apparatus according to any preceding claim,

wherein such a pre-emission condition is adjusted

according'tO'whether'the sudéeeding normal recording
20 operation is an initiél recording operation or a

subsequent normal recording operation.

7. An apﬁaratus as claimed in any preceding claim,
wherein the pre-emission controlling'means is operable

25 to adjust a number of pulses of the drive signal.

Y



10 10. An apparatus as clained in any preceding claim wherein the
pre-emni ssion controlling nmeans is operable to adjust a voltage of the drive
signal. 11. A liquid-discharge recording apparatus according 15 = to

any preceding claim wherein the pre-emssion controlling neans is
operable in a node in which the pul se-form of the drive signal for
prelimnary emission is different to that for a normal recording
opération. 20 12. An apparatus as clained in claim1l, wherein the

pul se-form of the drive signal =fBb =prelimnary emnission has a
different pulse width to that for a normal _recording operation, - 56-
13.  An apparatu$+ asAnc| sppagatpg  @apaFhpimedyinian WHE?%Fﬂanhﬁlalm'

I f f I h
di f Pevent 11 Z;UErnﬁyheagﬁhéﬁ?o%iﬁgméérieéeceﬁrg&%iﬁg “Roqne 118 Sferapre

PR 5, 1, SRS B, et SRR B, T O e

clainms 11 to 13, nary em ssi on has
different voltage {4 ggh gt for a nornal recordlng 10 operation. 15 An
apparatus as claine n any preceding claim further conprising
processi ng gheans for setting the

9. An apparatus as claimed in any preceding claim,
wherein the pre-emission controlling means is operable

LJ; to adjust a frequency of the drive signal.

10 10. An apparatus as claimed in any preceding claim,
wherein the pre-emission controlling means is operable

to adjust a voltage of the drive signal.

11. A liquid-discharge recording apparatus according
15 . to any preceding-_claim wherein the pre-emission
. controlling means is operable in a mode in which the
pulse-form of the drive signal for preliminary
emission is different to that for a normal. recording
operation.
20 _
12. An apparatus as claimed in claim 11, wherein the
pulse-form of the drive signal for preliminary
emission has a different pulse width to that for
a normal recording operation.

25

" 4
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drive signal for pre-emission and a. control nenory 15 associ at ed
with the processing neans for supplying data used by the processing
means and determning the setting of the drive signal, the processing
means bei ng operable to set the drive signal for each pre-eni ssion

. operation prior to the beginning of that 20 . ‘pre-em ssion operation. 16.°

An apparatus as clained in any preceding claim wherein said eni ssion
energy generating nmeans includes an electro-thermal conversion elenent for
generating 25 heat energy accordggd.to said electrical drive signal

-- 57 - to forma bubble for droplet emssion, the drive signal caused by

sai d pre-emn ssi ob3.conanol appgratesnsadei dbaimedpl iwd cifimsaid or 12,
el ectro-thermal conversion, elenent to forma bubble for droplet em ssion

inthe 5 preheneisni otheodpuldéd-form Afor e himinasy dmiseibn iany v’/
preceding claim further conprising pre-heating nmeans for heating the.
recording |iquferieprief pulseprhavingsa oiiffsrenth£x@uency dowrihaly
liquid. 18. An_apparatus as clained in claim 17, wherein the pre-heating
means i s provi defPBy 2heSeFiQE®| RE PRIIFS geherdrt | MPIRAIns, nexordimg
apparatus. as clained, in claim 17 or 18, 20 wherein the pre-heating

means is Provi dePPBYAELPRat er which is distinct fromthe energy enission
gener at.i ng neans, . ; S .

14, An appératﬁsi as claimed in any of claims 11 to
13, wherein the pulse-form for preliminary emission S
has a different voltage to that for a normal récording

10 operation.

15. An apparatus as claimed in any preceding claim, \;)

further comprising processing meané for sétting the
- drive signal for pre-emission and' a control memory
15 ‘associated with the processing means for supplying

data used by the processing means and determining the

setting "of the drive signal, the processing means J

being operable to set the <drive signal for each
pre-emission operation prior to the beginning of that

20 pre-emission operation.

16. An apparatus as claimed in any preceding claim,
wherein said emission energy generating means includes
an electro-thermal conversion element'for generating

25  heat energy according to said electrical drive signal

* ¢ L M 0§ x



-58- 20. An apparatus substantially as described with reference to -

figure 11 and figures 14 to 21 of +the drawings. 5 . 21. A net hod of

operation of an apparatus as.clainmed in any preceding claim and including

tthe step of adjusting the drive signal for prelimnary em ssion in
accordance w,th the location vihere the apparatus is to be used.

{
- 57 =

to. form a bubble for droplet emission, the drive
— : signal caused by said pre-emission controlling means
"being applied to said electro-thermal conversion

element to form a bubble for droplet emission in the

5 pre-emission mode.
17. An apparatus as claimed in any preceding claim,
) further comprising pre-heating means for heating the

recording liquid prior to pre-emission of the
10 recording liquid.

e pretaibly pipws o pavided by

18. An apparatus as claimed in claim 17, whereinlphe

emission energy generating means, is—eoperable—toheat
tl i s ; L] '} i i l s l ] l l > ;
15 . hi ; £ {xzad £} .

generating-—means—for——pre-heating——the ———xrecording
Tieraid

19. @ An apparatus as claimed in ‘claim 17 or 18,
uwer, He me-haably meows i punviled b

20 3 a heater which is distinct from the
enerqgy emission generating means, ‘the—pxre-heating
-means—being—operable—to—aectivate—said—heater—Eor

heati £l 1 Liensid.

* c L M 13 *



- 58 -
20. An apparatus substantially as ‘described with

reference to figure 11 and figures 14 to 21 of the \J

drawings.

21. A method of operation of an apparatus as claimed
in any preCeding claim, and including the step of
adjﬁsting the drive signal for'preliminary emission in
accordance with the location where the apparatus is to \;/

be used.

* c L M S *



