2159465 Liquid Jet Recorder. and Recordi ng Met hod BACKGROUND OF THE

I N\VENTION 5 Field of the Invention The present invention relates to a

I¥i qui'd-~.j et recorder whi ch discharges liqguid to formdroplets aga -t
the droplets. bn a record nedi um'such asqg'baper to make a re&g @EangDre
partggularly toaliquid 10 jet recorder and a recording nethod for

i mpafting thermal energy to liquid to formdroplets. Description of the
Prior Art In a liquid jet recording nmethod, droplets of recording |iquid
formed in one of various nmethods are 15 deposited on a record nedi um such
as a paper. Anong the recorders which enploy such recordi ng nmethod, a
liquid jet recorder whighuii bezeRetRHIAS Al WEEHaify | % Ehdld goplets has a
structure suitable to a high density nulti-orifice recording head. 20

The liquid jet recorder which utilizes the heat. as the droplet discharge
energy conprises droplet formng nmeans for formng the droplets of the
recording |i quBACKGROUNDI OF THE CNVENGDIDOW |iquid to cause a rapid change in
vol une of the recordlng liquid to cause the 25 liquid to be discharged from
orifices,- and Biebdop fi theh&avensiiong an el ectro-thermal energy transducer

(heater) mhlch i s heated upon application of an electrical signal to heat
the recording |iquid. The present invention relates to a liquid jet

recorder which discharges liquid to form droplets and
. deposit the droplets on a record medium such as a paper
- to make a record, and more particularly to a liquid
10 jet recorder and a recording method for imparting
thermal energy to liquid to form droplets.

Description of the Prior Art.

In.a liquid jet recording method, droplets of
recording liquid formed in one of various methods are

15 deposited on a record medium such as a paper.

Among the recorders which employ such recordlng
method, a liquid jet recorder which utilizes heat as an
energy to form droplets has a structure suitable to a
high density multi-orifice recording head.

20 The liquid jet recorder which utilizes the heat
as the droplet discharge energy comprises droplet
forming means for forming the droplets of the recording
liquid by heating the recording liquid_ﬁo cause a rapid
change in volume of the recording liquid to cause the

25 1iquid to be discharged from orifices, and a recording
head having an electro-thermal energy transducer
(heater) which is heated upon apélication of an

electrical signal to heat the recording liquid.



-2- On the other hand, anong the recording liquids. used in the liquid jet
recorders, aqueous recording liquid is preferable from standpoints of a
recording characteristic and safety. The aqueous recording, 5’ liquid
consi sts of recording agent ingredie@ -such as pignent or dye aﬁq sol vent
i ngredi ent such as water or water and water sol uble organic solvent fong
di ssol ving or dispersing the recording agent ingredient. In the recorder
“which utilizes the heat as the 10 droplet discharge energy -and the

recorden which usesgpt BRe gtABkehahel,MandnPidRd rddrdindi tE§udlst he end
of the nozzle fromwhich the recording liquid is discharged are usually

opened to thfedt iRSEREr Bigquiar fakl yetoridedrs ceRfudud rf€spPeainge of the 15
operation of the recorder. As a result, if the non-record state lasts for a

long tinme, Ywdqeidaps préferabllecfiromlctandipaditis |ef o gpacordbhyent are

" evaporated into the atnosphere through the orifices because the recording
liquid is 2€hangotenistiid &hd safetsi.ng Thee dgquenus drecdrdingnon- vol atil e
solvent remain in the recording liquid. Thus, the viscosity of the

recordi 8g |lignidi consists bfysedordiagygagant drigrddientesuchcadsarge of the
recording liquid. As aresult, inmediately after the 25 record operation
was resunedeigmentirepl dye apd gelvendchacyedientsuch as (weteppP¥cati on of

a di scharge signal and initialugrint portion of the recorded inage i ncl udes
a | ow qual iY3t9¥F; #pd water soluble organic solventfor dissolving

or diSpetsing the recording agent ingredient. . L;
In the recorder which utilizes-the heat as the

10 dropleﬁ_discha:ge enerqgy and the recorder which usés
other droplet forming method, the orifices at the end
of the nozzle from which the recording quuid is
discharged are usually opened to the atmosphere
externally of the recorderlirrespective of the

15 operation of the recorder.

As a result,~if-the=non~record'state lasts for_

a long time, water and other solvent such as volatile
organic solvent are evaporated into the'atmosphere-
through the orifices because the recording liquid is

20 aqueous and the recording agent ingredient and
non-volatile solvent remain in the recording ligquid.
Thus, the viscosity of the recording liquid increases
beyond.a range suitable for the discharge of the
recording liquid. . As a result, immediately after the

25 record operation was resumed, the droplets are nét-
discharged in spite of the application of a discharge
signal and initial print portion: of the récorded'image'

includes a low quality print.

e



-3-. In a known recording nethod, the recording liquid is always heated by
applying to the heater 'an electrical signal of a level insufficient to
gause..the droplet's to be discharged even when the droplet 5 discharge
signal is not applied so that the teﬁbé}ature of the recording liquid is
al ways mai ntained in a predeterm ned range to assure good di scharge
cofidiYi-on of the droplets to the increase of viscosity of the recording
liquid at a | ow tenperature. 10 . For exanpl e, Japanese Patent

Appl i cation Laid-Openghoa xh87Rb4baARHe GtiRsa AU deopdinigeor der for
formng flying droplets by heating Iiquid by an el ectro-thernal " transducer

and di schar gi nggtiia d_éo-aﬂ&'_fa?st BeEted dy e rind tdCtnéagedeéLChhON MEANS
for 15 detecting an external tenperature and neans for varying a duty cycle

of .a drive si ghebtikfcalr signali oFf tahdedelctimsitRicibent resscaese the
accordance wth the output fromthe detection neans. In the . recorder of :
this type, sidrepilets2@oecbectiiischlargeghavers wipgn ithe tdropbetieat er so t hat
the recording liquid is always kept at a high tenperature during a

rel ativel y5 | odgsabargecesignad dsomopemappd igdessdhantthiegteanpenatunet he
recording liquid is easily evaporated and the droplets are not discharged
when the 25 e&cshe spepxding ddquidumsd alwaysadmpintained nk® 2he vicinity

of the heater is_always kept heated, the durability of the nenbers around
t he heater i sPERgetegmined range to assure good discharge condition

&,; of the droplets to the increase of viscosity of the

” recording liquid at a low temperature.

10 | For example, Japanese Patent Application
Laid-Open No-..flr87364/1983' discloses a liquid jet recorder.
for fbrmihg flying droplets by heating liquid by an
electro-thermal transducer and discharging the droplets
to make a record. It includes detection means for

15 detecting an external temperature and means fox varying
a duty cycle of a drive signal for pre-heating the
electro-thermal transducer ih accordance with the
output from the detection means.

_ In the recorder of this type, since the -

20 electrical signal is applied to the heater so that the
recording liquid is always kept at a high temperature
during a relatively long non-record or stop period, the
sélvent_ingredient in the recording liquid is easily h
evaporated and the droplets are not discharged when the

25 record operation is resumed.. In addition, since the
vicinity of the heater is always kept heated,'the

durability of the members around the heater is short or



-4- the recording liquid stored around the heater during the non-print
period is nodified by the heat and the color of the recordlng li-qui d
changes or precipitate is generated in the recordlng liquidiand it clogs
the 5 orifices. SUWARY OF THE I NVENTI-ON It is an object of thé present
invention to provide a liquid jet recorder and a recording nethod 10 ' fgf
-adjusting a viscosity of recording liquid within a range suitable for good
dropl et di scharge condition and assuring good and stabl e dropl et discharge

Cond't'qn weRa eeeega&agoaqwﬂ@@ﬂ&é&%m@f% Readf88 8@PiRgi Nt or stop
period. I's anot her object of the present inventidn to

provide a |tﬁé| theﬁriﬁﬁob@&&e@(isi HEEF E N by RO hé L€ aRgUERBY good and
stabl e dropl et discharge condition w thout reducing durability of nenbers

around a heab&brobft her e@woddimNdl it uid uthdmses y¢flg% Pécippeatding |iquid
stored around the heater during the non-print period by an affect of heat.

It is otherisbgeneratethdnproheemeconding dnidwidrand diet aclogsii theet
recorder and a recordi ng method which use a thermal energy to formdroplets
and assg e @Biffjced.and stable droplet discharge condition by using dropl et
form ng neans as recording I|qU|d heating means to adjust viscosity of the
recordi ng |iquid. :

SUMMARY OF THE INVENTION

It is an object of the éresent invention to ;)
provide a liquid jet recorder and a recording method |

10 for adjusting é viscosity of recording liéuid within a
range suitable_for good droplet discharge condition
and assuring good and stable droplet discharge
condition when_;_record operation-is resumed after a
1ong non-print or stop period.

15 _ It is another object of the present.inventiOn
to provide a liquid jet recorder and a recording
method for securing good and stable droplet discharge
cquition without reducing durability of members
around a heater of the recorder and without modifyinq

20 recdrding ligquid stored around the heater during the

. non-print period by an affect of heat.

It is other object of the present invention to
provide a.liquid.jet recorder and a recording method
which use a thermal energy to form droplets and assure

25 good and stable drople£ discharge condition by using
drOplét forming means.as.recording-liquid'heating means

to adjust viscosity of the recording liquid.



*5- The present invention provides a liquid jet recorder having an
el.ectro-thermal energy transducer used to heat |iquid upon application of
an_electrical signal to formflying droplets, including discharge signal 5
generating means " for causing the_ glectro-thermal energy transducer to
di scharge droplets and heati ng_ﬁsi gnal generating  nmeans_ for generating

a - nhrgh frequencine BELEPRY lnvendion, nrowidas & iR ciett rvecasdasl

e?e{ﬁy dtrars?ucehavﬂhghian aelebﬁéwiﬁﬂbrmalirénéféyﬂtfﬁné¢mcdtSﬁbédgtag
o) e droplets. p nt_i QY, | op
recordi ng net hod gggtrr%glaﬁghahgé ora(?%g')}%aap c&[ rf’gf gaﬁef%it%@#%g?g{ s%géﬁ?l
to an el ectro-t@erfigFrm efdydpgls dropletmsdnatuding dischargeustignad )
i me pert ol has cfoHefeerng | meshal Aac | Siusidy B | STectiooeRbshALNCC
i peri S S i g , - frequ
el ectri cal signﬁ?grggf tr&“ﬁdiﬁﬁri:%ﬂﬁféiﬁﬁgé;QQ)QF?Rié$§ea%&dﬂ6ﬁEi¥9is
applied to the 28ignaltr geseéxading meEns g £rnalgepematingg naanshigkl EF
DESCRIPTION OF T EB@ML ' .S a ctiNe wa e ecpgd
head of a |iqui dHJEgt recggcsier@]%fc?#ed% esenq | nve#f%(i otynéj \é\%ﬁé}geaZ ?é gﬂg
partial enlarged SieftEP-fhermal ¢ @naTaw; Arangduerr  stbting AeadteNgdn
in Fig. 1,10 insufficient for discharging of the droplets.

_ The present invention also provides a liquid droplet
N recording method for making a record by applying an
electrical signal - to an electro-thermal energy
15 transducer to heat liquid to discharge a 1liquid
| drbplet;*-characterised ‘in that when a predetermined
time period has elapsed from discharge of a droplet, a
high  frequency electrical signal of a level
insufficient to discharge a droplet is applied to the
20 transducer by heating-signal-generating means.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a recording head qf a
liquid jet recorder of the present invention, S
25 S . .
L - Fig. 2 is a partial eniarged view of a vicinity of
nozzle of the recording head shown in Fig. 1,




-6- Fig. 3 shows changes in tine of tenperature of heats generated when
three different electrical signals are applied to the .el ectro-thermal

energy transducer, and 5 Figs. 4 and 5 flom/charts i'n a
mechani sm for controlling-record operation of the present recorder.
DETAI LED DESCRI PTI ON OF THE PREFERRELY EVMBODI MENTS 10 The reCosﬂ%r

of the present invention is explained with reference to a liquid jet
‘recording head which utilizes heat as-an energy to formdroplets. Fig. 1is
a perspective view of a recording head in the liquid jet recorder of the
present 115 inventi 8Agand thwszqnangquxmatlmmlqueemveeaturea vicinity

of a nozzle of the recording head shown in_Fi 1. Nuneral /1 denotes a
suppl y t ubeofhheatsograerated sthaniihres (i %ﬁ?%ttG%ﬂcFﬁbFa§homm) and a
sub-tank 20 2 for tenporarily storing therein recordjn uid in the

recordi ng h8hEnahg &xSprPRdisdh t el HeFreRTEhernat %e n tank to the
sub-tank 2, nuneral 3. denqgtes a suction tube connected to a recovery punp
(not shown) tXARRENSLTA dﬁﬁbtes a supply plpe unit for supplying the 25

recording liquid fr n1the su hanber 6
denotessa r et ai ner &9 thé §ﬁﬁ%%€ p|p aﬁﬁﬁe+%la7mﬁ$“%P%§ a nozzl e
having a  ¢5r controlling record operatzon of the present

recorder.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 . The recorder of the present invention is
explained with reference to a llquld.jet recording
head which'utilizes_heaf as:an energy_ﬁo form droplets.

Fig. i ie e éerspective view of.a-reoording
head in the liquid jet recorder of rhe present

15 invention and'Fig.HZrista partialreolarged vieﬁ-of a
vicinity of a nozzle of the recording head shown in
Pig. 1. - BN

) Numeral 1 denotes a eupply rube which connects
a recording liquid main tank (not shown) and a sub-tank

20 2 for temporarily storing therein recording liquid in
the recording head and supplies the recording liquid
from the main tank to the sub-tank 2, numeral 3 denotes
a suction tube connected to a recovery pump (not shown);
'numeral 4 denotes a supply pipe unit for supplying the

05 recording liquid from the sub-tank 2 to a liquid

chamber 5, numeral 6 denotes a retazner for the supply

pipe unit 4, numeral 7 denotes a nozzle having a



-7-plurality of orifices 12 arranged longitudinally to discharge the
recording liquid as shown in Firg. 2, nuneral 8 denotes an electrical wring
#ni t” i'ncl'uding a fl.exible printed circm;: board (FPC) for applying an 5

el ectrical signal to a heatér 13 to appl’y a thernmal energy to the recording
liqguind i'n a liquid flow path 14 shown in Fig. 2, nuneral 9 denotes a base
pl ate on which the supply pipe unit 4, liquid chanber 5, nozzle 7, supply
pipe retainer 6 and FPC 8 are nounted, 10 nuneral 10 denotes a bushing to
support peri phetyratityieofoerifises Aeneralangedidengistudinality fate. I n

t he present enbodi nent, dropl et fonnin%_neqns for form ng droplets is
constructed bydtfeharge; ke recaxrdinge ligwicd a8 shawm HniFigwidhg a portion

t hereof 15 connected, t he orifices_12 and i.n whi,ch the heat fromthe
heater is appl?%ﬂe¥%1t§ea?ﬁegﬁﬂiﬁ5 PLEGEELcRly WirdRd) Wk idRFIRENg i s

construct ed byl breBElspdiated LRECEEE Boton AN AL NS S ST
(e recor il aelueeod schange Sb0R UEAE 34 18 TR \Prodgapre e
reans, o Qencilide e eRe Apasehial $i058H 10 8 Saieleithotald 0 O°

recorder, the 1g ik i Bithd Bs Al i sub , i qui d
Chanber & and.th?*fﬁ‘ﬂ?hﬁf% by himbedli 9 benbhesS Wy pAatd o

9 which the supply pipe unit 4, liquid chamber 5, nozzle
: 7, supply pipe retainer 6 and FPC 8 are mounted,
10 nume;al 10 denotes a bushing to support periphery of
the nézzle and numeral 1l denotes a front plate.
In the present embodiment, droplet forming
means for forming droplets is constructed by the orifices
12 and ﬁhe liquid flow path 14 having a portion thereof
15 connected to the orifices 12 and in which the heat from
the heétér is applied to the recording liquid, and
liquid heating means is constructed by the heater 13
s and the FPC 8 for applying the electrical signal to
the heater 13 as;required. While not shown in the
20_.drawin§, the ;eC°;d9r inéludes discharge signal
_generating means for generating an electrical signal
to discharge dropléts and a heating signal geherating
mgans for_generating a regording.;iquid heating
electrical signal to be described later.
25 | _Ip 6:der_to make_a record by the present
recorder, the recording_liquid is filled in to thé

sub-tank 2, the liquid chamber 5 and the liquid flow .



-8- path -14 fromthe main tank through the supply. tuhe 1 and the supply
pipe unit 4. A recording signal is applied to-the heater 13 through the

FPC 8, that is, the electrical signal fromthe droplet discﬁargq 5 Ssignal
generating neans is applied to the-héhter 13.  As a result, the heater 13
generates a heat and a thermal energy is applied to the recording |iquiv#:in
~the liquid flow path 14 in the vicinity of the heater 13 and air bubbl es
“are generated in the recording 10 liquid due to nonentary increase in

vol une qf theehetar 8kos khaUmdinMahk td)ﬁ;&@@r&a@gsh%gwdtésém stream of
the heater 13 is discharged fromthe orifices 12 and droplets of the
recordi ng | 4881 €har supplyefipelimid opl et wécdF@ingcoighay isquid are 15
deposited on a record nmedi um such as a paper fed in front of the nozzle 7
to make a rgppliled| tot bRel hgaiter a3 rvinulgt tHe tFRC P8 psewati bygntion, the
recording liquid heating signal is applied to the heater 13 in the record
oper ati on, tihhateRéctricalnsidnaflelfrdmeftire dropkdecdisclhargegnal is applied
to the heater 13 to discharge the droplets for recording. The recording
liquid Beat$ignal ggeherating meansniia applded sto vilre theatber 1Be recording
liquid 25 by the heater 13 to a tenperature which assures_a proper

vi scosity oAStaecresudtdi khel hgaten dagenerates a heat and a

thermal energy is applied to the recording liquid in
the liquid flow path 14 in the vicinity of the heater Q)
13 and air bubbles are generated in the recording

10 liquid due to momentary increase:in'volume of thé.
recording-liduid. lThus, the recofdiﬁg'liquid down-
stream of the heater 13 is discharged from the
orifices 12 and droplets of the'recording liquid arg
formed.  The droplets of the recording'liquid are

15 deposited on a record medium such as a paper feéd in
front of the nozzle 7 to make a record.

In the 1iq&id jet recorder of the presént
invention, the recording liquid heating signal is
applied to the heater 13 in the record operation, that

20 1is, immediately before the electrical signal is applied
to the_heater 13 to discharge the droplets for
recording.

The recording liquid heating signal in the
present recorder serves to heat the recording liquid’

25 Dby the heater 13 to a temperature which assures a
proper viscosity of the recdrding liguid to attain

good recording liquid'diSCharge condition, to an



good recording liquid djscharge condition, to an -9- extent insufficient
for dischargi'ng of the.droplets. The signal is generated by the heating

si gndl _generating neans. The heating ti _of the recording liquid by 5 the
heater 13 heated by the application of ?ﬁe heating el ectrical signal is
prefagably as short as possible within a range in which the recording
liquid is heated to the predeternined tenperature. By heating the recording
mediumin a short 10  heating tine, the-heater 13 and the nenbers around

t he heat er 1ar @¥%ant FngRificigsnt hEonedisrbagoigat 0Lt rheddgordgtison to
extend the lifetinme of those conponents. Further, the diffusion of the heat
fromthe heat &M FiFRALelS FRAGT3Eed oY hERechepsingnisdgngdd and the 15
amount of recording |jquid to be heated is reduced, the affect of the heat
to the recordi%j‘?‘?%ﬁﬁ iTP3BRe | iquid flow path or the |iquid chamber is
elimnated and the pr '

of the recordingIi(ﬁﬁ%ﬁg?ﬁghﬁiﬁégg4$¥2€grEbéﬁgﬁggfbgsgfﬁégﬁggpPpgrsé drent.
PLoeet o o R A L d e SR BB R BT Bing L,
ot ol T AGIL T gt 'y SEOEIERT)Yed LGBV A BRGRIT © 1°
within a range in which the recording liquid is heated
to the predetermined temperature.
. By heating the recording medium in a short
10 heating time, the-heater 13 and the members ardund the
heater are less affected by the heat leading tb the
degradation to extend the lifetime of those components.
Further, the diffusion of the heat from the heater to
the periphery of the heater is minimized and the
15 amountﬁof_redording liquid to be heated is reduced,
the affect of the heat to the recording liquid in thé
ligquid flow path or the liquid chamber is eliminated a;d
(& the promotion of the evaporation of the solvent ingre-
dient of the recording liquid from the orifices by long
o0 ‘time heating is prevented. The heating time of the
recording liquid is determined depending on a
temperature characteristic of the recording liquid such
as a heat capacity, a structure of the recorder and a
temperature suitable to the recording liquid to be
95 discharged.
_ Taking the above reguirements in: to

consideration, when the heating electrical signal is



.Taki ng the above requirenents in to consideration, when the heating
el ectrical signal is - 10 - applied in the diquid jet recordér of the
present invention, voltage, frequengy and pul se wi,dth of the 'signal "are
sel ected in accordance with a condi tt®n of application of the droplet .
di scharge signal, a 5 tenperature characteristic of the recording |i Quiet
“O0sed, a tenperature characteristic of the viscosity of the recording |iquid
and a change of viscosity of the recording liquid in a non-print or stop
peri odl Thapelied iarithes Liauisigiat xegardertof thecpresental signal to
produce the heating electrical signal. 1In a nmethod which uses an
el ect ri cal i1RYQRELOBI r ¥Qiltagsoorfraauanry mradpuleervédtht g€ 8hechar ge
signal generating neans_is shared by the heating el ectrical signal
gener at i ngSH¥BRL ARG ERdeqteS dnc Accordantm Witk Fenditingr 8€ signa

o ect 11 cal SBPGRERELAT, BEathon dFoRIRh AN IRCRLIISbol Bage and pul so.
O 8 AR S RS o Y ARl BELLEPEC L 2
pulse 1t 0 8k, °a SRl B B R eP I of 8 90ebel 0t 00c
obj ect, the recording liquid and a chénge of viscosity of the
recording liquid in a non-print or stop period. ;J
There are various methods to control the
10 electrical signal to produce the heating electrical
signal. In a method which uses an electrical signal
circuit incorporated in the recorder, ‘the discharge
signal generating means is shared by the heating
electrical signalfgenerétiqg means and the electrical
15 signal from the discharge signal generating means is-
tailored in the following manner to produce the-
heating electrical signal.
) A relation between the frequency, voltage and
pulse width of the applied electrical signal and the
o0 heating temperature is shown in Fig. 3 in which -
electrical signals having voltage of 23.5 ﬁblts,-pulse
width of 5 us and frequencies of 10 KHz, 5 KHz and
:2 KHz, respectively, are applied to the heater.
In order to achieve the above object,

25 - a) the pulse width of the droplet discharge

signal is redpced and the frequency is increased,



25 - - a) the pulse width of the droplet discharge signal is reduced
and the frequency is increased, b) the voltage of the droplet discharge
gignal- is reduced and the frequency is increased, or C) the pulse wdth
and the voltage of the droplet dischargglsignal are reduced and the
frequgncy 5 "is increased. Particular values in those nmethods vary with the
properties of the recording liquid used and the characteristics of the
recorder and are not uniformy defined. 1In the nethod a), the pulse w dth

of the 10 [ heating el ri S | SePERL ek [ ks253. 1100 and nore
pr ef er abl y11/2 - 1/ 2061%)]5 tﬂgép‘t%‘ggg ed?ﬁ gﬁgt ﬁggh¥8%| éf"% |hsac aerge si gnal .

The f 1 equency salgrdie fIPAddikEd oghai £k raaabnkp BLCLAINELE], ol0O i Mes

and nore preferably 5 - 50 tinmes as high as™t ‘requency of the dropl et

di scharge signal. In tde neidogubde i@tMohhadenaf vblieageabifnanel ectrica
signal is preferably 1/1.25 - 1/10 and nore preferably 1/1.4 - 1/2.4 of the

vol tage of thdrdpl@tetdil drdwggesbygabl arendetilicelr agdetthy Eregenegat i ng
el ectrical 20 signal is preferably 2 - 100 tinmes and nore preferably 5 - 50
times as hg ghiss iMoxdassfiency of the droplet discharge' signal. In the
met hod c), the voltage of the heating electrical signal is preferably
1/1.25 - 1/ 10 and nor @Partieukit yvdlded inltRodeomethedsoiaxyewdftht he 25
dropl et discharge signal, the pulse width of the _ -
the properties of the recording liquid used and the
w characteristics of the recorder and are not unifdrmly
defined. . 'In the method a), the pulse width of the
10 heating electrical signal is preferably 1/1.25 - 1/100
and more preferably 1/2 - 1/20 of the pulse width of'.
the droplet discharge signal. The frequency of the
' heating electrical signal is preferably 2 - 100 times
and more preferably 5 - 50 times as high as the
15 frequency of the droplet discharge signal. In the
method b), the voltage of the heating electrical signal
is preferably 1/1.25 - 1/10 and more preferably
1[}.4 ='1/2.4 of the voltage of the droplet dischargg
signal, and the frequency of the heating electrical
o0 Signal is preferably 2 - 100 times and more preferably
5 - 50 times as high“aS'the“frequenéy'bf the droplet’
:-discharge‘siénél.' In the method c), the voltage of the
heating electrical signal is preferably 1/1.25 - 1/10
and more preferably 1/1.4 - 1/2.4 of the voltage of the
25 droplet discharge signal, the pulse width of ‘the
heating“electrical signal is preferably 1/1.25 - 1/100
-and more preferably 1/2 - 1/20 of the pulse width of



. : )
heating electrical signal is preferably 1/1.25 - 1/100 and nore preferably
1/2 - 1/20 of the pulse wi dth of -12 the dreplet discharge si.gnal, and
the frequency of the heating electrical signal is preferably 2 - 100 times *
and rmore preferably 5 - 50 tinmes as. ¥4 gh as the frequency of the dropl et
di scharge signal. 5 The dropl et discharge signal generating haams
and the heating electrical signal generating nmeans may be independently and
separately provided. The heating electrical signal may be applied

i medi atel yehefdreplée digphakrgdl sdagials Hrghathd Sfdéquéndyi 668 tRet he
heater, or may be applied i mediately before the droplet discharge signal

i s applied daeing helaeohrpealt spenadd s tgreéferalebyr2er b0 nimesered on or
stop period with the recorder being powered off. If the viscosity of the
recordi ng landiimbye pHefensblyqbi ¢ Pllovkipeesh as hpbglsi & ythet within the

sui tabl e range under the environnent of use of the recorder such as

t enper at ur efreqrencyt Pfigthredropdat digehange signab. i medi ately before
the droplet discharge signal is applied to the heater so that the 20

vi scosi 6y of the rcE@ediRgPLe§uldsphange Signak grrReFaFHRd | BeaBPusted to a

proper val ue. en the yiscosity qQf the recarding liquid is kept in the
D oper T angtidites RABEIRG| PORFEFACHT SO [GRTeEALING RERRR BAY

temperatur g, Uty S Ae8he 15 OBhE! sepa1¥eely® Piviled.
The heating electrical signal may be applied \)

immediately befqre the droplet discharée signal is

10 applied to the heater, or may be applied immediately
before_the_droplét discharge signal is applied after
the non-print period with the recorder being powered
on or stop period with the recorder being powered off.

If the viscosity of the recording liquid in

15 the liquid flow path is possibly not within the
suitable range under_the environmentkof-use of the -
recorder such as temperature, the heating electrical
signal is applied immediately before the droplet
discharge signal is applied to thé heater so that the

99 Viscosity of the recording liquid at the:.time of
discharge is adjusted io_a proper value. When the
viscosity of the recording.iiquid is kept in the proper
range under the environment of use of the recorder such
as temperature but the next droplet is not discharged

95 for a predeterminéd_period (noneprint_mode) or the;
recorder is in a stop mode, the viscosity of the

recording liquid may.incrgase by the evaporation of the



L

25 for a predeterm ned peri.od (non-print node) or the- recorder is in a
stop node, the viscosity of the recording liquid may increase by the
evapor at i'on. of the., - -13- solvent into the atnosphere. Thus, the
non-print or stop period is counted andl3f=the record operation is resumed
aftenjmore than the predeternined | ength of non-print or stop period, the
heating electrical 5 signal is applied to the heater. The above
predeterm ned | ength of the non-print or stop period, that is, the tine
period i n whi sblveatviatosithe eftnidspheatdr dimgus | qthé hontPeihtayid flow
path, particularly around the orifices o goes beyond the preferable range
depends on thetopaperied isi counftedhanddaf deie tdcopdoppetrationfighe
recording: liquid and the environnent conditions such as tenperature and
humi dity of tKeskmedt afteat maprec lthamne ther pristetermined! Lengticodr di ngl y,
it is 15 determned_ in accordance with a particular recorder and the

oper ati on con8PBIrBELRkePEOStOpPn perdodacdierheating elestnicahventi on
after the heating electrical si%PaI was applied to the heater, non-print
dr opl et cﬁ%chi%gga§ibﬁaﬁpﬁiyege 90 thgpheate®n- t he heater and then the print

dropl et di scharge signal be applied to the heater. In the recorder of
t he present invention?thggﬁgﬁ#B ereteEingd diangth Rf sk@al causes the

dropl et non-priht or stop period, that is, the time period in
W - Which the viscosity of the recording liquid in the

liquid flow path, particularly around the orifices

10 goes beyond the préferable-range depends on the
characte:istics of the recorder, the properties of the
recording: liquid and the environment conditions such
'as temperature and humidity of the location at which
the recorder is installed. Accordingly, it is

15 determined in accordance with a particular recorder -
and the operation condition thereof.

. In the recorder of the present invention,
after the heating electrical signal was applied to the
heater, non-print droplet discharge signal may be

20 - applied to the heater and then the print droplet
discharge signal may be applied to the heater.'~

.. In the recorder of the present invention, the
non-print droplet discharge signal causes the droplet
to be discha:ged but the droplet is recovered by the -

25 recorder and not used for printing on the record

medium.



to be-discharged but the droplet is recovered by the 25 recorder and not
used for printing on the record nmedi um -14- By applying the non-print
dropl et discharge signal to the heater after the heating eléctr[cal 5i gnal
was applied to the heater, even if 4Bt nen-print period or the stop period
i's very long and 5 the viscosity of the recording liquid increases by tle
evaporation of the solvent, the heater is heated by the heating el ectrical
signal and the high viscosity recording liquid is heated and the

temperafure ther cof gyl $p1yAhgR 45 Udn-g it a£GBLEY @l sERarpeCOrding 10
liquid is |owered to“an éxfent” to enabl e discharging of the droplet

al though thgighad! ¢o ithlemdatdr MAtdie €0 thedbEng atetheidagpl et di scharge
signal is applied to the heater, the recording |liquid near the heater is

di scharged ghignal Wag bipplied ltavuhd heaeed ev&a L€cendi ng |iquid having
the viscosity which is within the suitable range for discharging is
suppl i ed t onbhepriathiperickd ore theatstop herpoddisli sebar §engoaddt i on of the
recording liquid is thereafter naintained. 20 The non-print

B dr opl et 5di sther yéssogidy iof dhe inatamtiarg t hisgebddincveaskat bytigheecor di ng

l'iquid having the viscosity which is beyond the suitable range for
di schar gi ngeveparatianged Fpe ifelysnt ctherheater is heated by

the heatiné-electrical signal and the high viscosity

recording liquid is heated and the temperature thereof o

rises. As a result, the viscosityadf the recording
10 liquid is lowered to an extent to enable discharging
of the droplet although the droplet formed may“hot be
good. Then, as the droplet discharge signal is
applied to the heater, the recording liquid near the
heater is discharged out of the liquid flow path and
15 the recbrding'liquid-having the viscosity which is
within the suitable range for discharging is supplied

to the vicinity of the heater. The good discharge

-/
condition of the recording liquid is thereafter
maintaihed.
20 .- The non-print droplet discharge signal is

applied under the condition that the recording liquid
having-the.viscosity-which is beyond the suitable
range for discharging is discharged by the application
of the-heating-electrical signal to the heater and the

25 discharged droplet is removed from the liquid flow -
path.

£



of the heating electrical signal to the heater and the 25 discharged
droplet is renoved fromthe liquid flow path. -15- Figs. 4 and 5 show
ﬁlow'éharts.ip a control unit for the recorder of the present invention. In
Figs. 4 and 5, t indicates an upper |inil® 6f the non-print tine in which
-pre-Pgating is not required, 5 that is, the operation to apply the heating
el éctrical signal to heat the recording liquid to the extent that the
recording liquid is not discharged is not required, and T indicates an
upper limtl of the nonFpgEnt 4t and Bnshbiwcif lpwe cheattisnd.ni s reantred. After
the tinme 10 period T, the pre-heating and pre-discharging are required. The
pre- di schar gi ngpkEafert Keenzsacprdsr @fophet paesemdr dinwentiion he Tront r ol

unit shown in Fjig. 4, when_a ant.si%naI or the print droplet discharge
signal is 15 b ey a'fltieﬁrpgmutdbﬁ,a eRecapr uppeR LAgidn @R the

pre-di schargi are_conducted,in this order before the print droplet is
discharged.;'ﬁhﬂfp¥hﬁgdgéﬂﬁaFﬂew§F aPrgzhenrsingg ife e Jemtiaieds t he

Lo record g ITiAfate 1 1 SR coBerEioR 2B aeBlyc Bapchesting madisanl o
O ect ot aind $oddf BOMRELENEnd! HECSEAERT®115ul B e TP Ll lh e Whdd
the recording liquid is not discharged is not required,
and T indicates an upper limit of the non-print time
| in which pre-heating is required. After the time
10 period T, the pre-heating and pre-discharging are
required. The pre-discharging means the non-print
droplet discharginé.
.. -In the control unit shown in Fig. 4, when a
print_signal.or the print droplet discharge signal is
15 applied.after power-on, the pre-heating and the
pre-discharging are conducted in this order before the
print droplet is discharged. - Then, the discharge
N signal'gene;ating means generates the dischérge
electrical signal which is applied to the heater to-

20 dischargg to recording liguid. If the non-print time
excgedslt, the pre-heating is effected, and if the
non-print time exceeds T, the pre-heating and the
pre-discharging are effected. ..

.In.the control unit shown in Fig. 5, when the

25 power is turned on, the pre-heating and the pre-
discharging are effected, and if the printing is not -

effected after the power-on, the non-print time is



In the control unit showmn in Fig. 5 when the 25 .power is turned on, the
pre-heating and the pre- discharging are effected, and if the printing is
not- effected after the power-on, the non-print tine is 16 - 1 counted
and if it exceeds t, the pre-heatimrglies—effected. |If it exceeds T, the.
pre-heating and the pre-discharging are effected. The control for the w
‘non-print period after printing is simlar to that of 5 Fig. 4. In the
recorder of the present invention described above, the thermal energy is
utilizeq tocd@itedhandr 0Bl €t andebls @,SEhY PrLMIMfENES ati ng means
(heater) is shared by the neans for heating the 10 recording liquid to the
extent thateffetGedpt UESghaecgededihase thiRApra e e Rai@t@ley and’

i ndependent|y provided or where the heat is not used.to formthe droplet,
recordi ng |preHdidehargiingeape efifectedd ha@hlecicoimmrdie fowuviied to carry
out the 15 control described above. In the liquid jet recorder of the
present i nven+printsperibed alftee, priatiagodd sirilar ddattatngpsi gnal and,
i f necessary, the non-print droplet discharge electrical signal are applied
to the Beat®B¥g20%. 13 i rmedi atel'y -before the droplet discharge electrical

signal is applied so that the viscosity of the recording |iquid to be
di scharged i's adj usfRdthe zecorder of the present invention

described above, the thermal energy is utilized to

.

form the droplet and the discharge ‘energy generating A

means (heater) is shared by the means for heating the

10 recording liquid to the éxtent that it is not
discharged. These means may be separately and
independently provided or where the heat is not used
to form the droplet, recording liquid heating means
such as a heater may be provided to carry out the

15 control. described above. |

In the liquid jet recorder of the present

invention described above, the recording liquid heating
signal and, if necessary, the non-print droplet’
discharge eiectrical signal are applied to thé:heaﬁer

o0 13 immediately before the droplet discharge electrical
signal is applied so that the viscosity of the
recording liquidftd be'dischérged'is adjusted to a
range suitable to obtain good'drpplet'discharge° o
condition. Thus, even if the record operation is

95 resumed after a long non-print or stop periOdi:the
good and stable droplet*discharge COhdition'is’élwayél

attained.



range suitable to obtain good droplet discharge' condition. Thus, even if
the record operation is 25 resuned after a |long non-print or stop period,
the good'and stable droplet discharge condition is always attained. -17-
Since-the recording liquid is not frequédttry heated by the recording |iquid
heati\ng signal and the heating time is very short, the durability of the
mefiber around the heater of the recorder is not 5 |owered by the affect of
the heat and the recording liquid stored in the vicinity of the heater
during thelnon-print Rincs tise npécovdihgelliuiihéshaet #mdqgueatdgod and

stabl e dropl et discharge condition is attained. 10 In the present .
recorder whi cthegted hy the recordingntiguidohéstingheignepl end tthe
recording liquid heating means for primarily adjusting the viscosity of the

recordi ng |i qlieptingHemel 15 Yery dshprt: thendngahibdnty pfcsheingly, no
separate 15 recording liquid heating means is required_ and the good and
stabl e dropl emefRsh AT ihe ihgater pfafResrearrdar ERafpte 1 In the

a0 L ele St Pl I S8Ry 20! IueTkLoh Dol 1gt hecosgating head
| : liguid stored in the vicinity of the heater during the
non-print period is not modified by the heat and the
good and stable droplet discharge condition is
attained.
10 ' In the present recorder which utilizes the -
thermal énergy to form the droplet, the recording
--liguid heating means for primarily adjusting the
viscosity of the recording liquid is shared by the
droplet forming means. Accordingly, no separate
15 recording liquid heating means is required and the-
good and stable droplet discharge conditibn is always‘
attained..
A% Example 1
In the liquid jet recorder of the present:

20 invention having the recording head as shown in Fig. 1
in which 24 orifices (having size of 50 x 40 um are_
arranged in a-vertica1 line at-a pitch of 0.141 mm, -
the recording liquid having the following composition
is filled, and after l-hour non-print period under

25 25 °C _and 30% RH, the print operation is resumed by -
applying a heating electrical signal having a voltage

of 23.5 V, a pulse width of 5 us and a frequency of



arranged in a vertical line at a pitch of 0.141 nm the recording liquid
havi ng the foll owi ng conposition is filled, and after 1-hour non-print
period under 25 25 [err]and 30% RH, the print operation is'résgned'by
applying a heating electrical signal %ﬁvrng a voltage of 23.5 V, a pulse
width of 5 ps and a frequency of 10 KHZ to the heater inmmediately bafore
a dropl et discharge electrical signal having a voltage of 23.5 V, a pul se
wi dth of 10 us and a frequency of 2 KHz is applied. The nunber of

non- di schar §&d Kiizocetthe hedimed ipmediatelpabefosecaudroglentil all of the
24 orifices discharge the print droplets to evaluate the recorder for the
non- di- schar diisghairgehele e iral asignal hhavbngpai nolpageodf - 2Bhé Vasult is
shown in Table 1. The conposition of the recording liquid used 10 is shown
bel ow. [ ConmpoPudisen wifdtiheof ck®ris nandi qufypauencyppfedt KBEZadR 19

2 wei ght parts _Diethyl ene gl ycol : ) 30 weight parts \Water

70 wei ght paPPiied.cofhe Aumkerefpnenidigchargedr dePPhgiengoathe
construction simlagr tq that of the_ Exapple but, oply_the print droplet
oot r i chl Brinh sionals (i cpttiee eRFLL alhcokoEhelzoSrEEirasused | n

L1 SAaTDL© bl e 340 P06 Phed B8 By REfaR Bhel FiBovady 25 [er)
for the non-discharging of the droplets after the
non-print period. The result is shdwn in Table 1. U
The composition of the recording liquid used
10 is shown below..

[Composition of the recording liquid}]

C.I. Direct black 19 : 2 weight parts
Diethylene glycol "~ 30 weight parts .
Water . . ' 70 weight parts

15 Comparative Example 1
In a recorder having a construction similar to

that of the Example.i but only the print droplet
e;gctrical signal is applied to.the heater, the
recording liquid used in the Example 1 is filled, and

90 after 1-hour non-print time under 25 °C and 30% RH,
the record operation is resumed by applyigg the
droplet discharge electrical signal having a voltage
of 23.5 V, a pulse width of 10 us and a frequency of
2 KHz to the heater. The recorder is evaluatéd"fér

25 the non-discharging after the non-print period as was

done in the Example 1. The result is shown in Table 1.



dropl et discharge electrical signal having a voltage of 23.5 V, a pul se
width of 10 Us and a frequency-of 2 KHz to the heater. The recorder is
eval-uated for 25 the non-discharging after the non-print period as was
done in the Exanple 1. The resul't is Shd®n7in Table 1. -19- 1 Exanple 2
The.rigcorder used in the Exanple 1 is used. The non-print period is 12
hours. After the heating electrical signal was applied, the droplet
discharge 5 electrical signal conprising 100 pulses. is applied to the
heater to di scB#amplehd non-print droplets. Then, the print droplet
di scharge electrical signal is applied to the heater. The other steps are
equal to those of the Th@npeeorderhusedcindithe Exgmpdeudeds msed. t he
Exanple 1 is used and the recorder is evaluated in the sane manner as the
Exanpl e 1. ThefieAMM-PEinkReried 48| 221hougspar Afites - thenleatingicept for
t he non-print tjne of %f hours, the 15 recqrd is nmade_in the same manner as.
t he conpar at i Shigtal SigRAl HEa2aPRdieen theqdxeoprlet ddsehazIfanner as
the Exanple 1. .The result is shown in, Table Table 1 Nunber, of
non- di sc'hagge(f]ﬂfetnca ‘Signa G‘F%‘b?’éﬁlﬂguﬁ?’gdpﬁiﬁﬁﬁ 8 ﬁgﬁi&fefinfmti me all
of 24 orifice}ne heater to (df¥¥Harge the non-print droplets. Then,

the print droplet discharge electrical signal ‘is

, applied to the heater. The other steps are equal to

N

those of the Example 1. The recording liquid used in

10 the Example 1 is used and the recorder is evaluated in
the same manner as the Example 1. The result is shown
in Table 1.
Comparative Example 2

Except for the non-print time of 12 hours, the

15 record is made in the same manner as the comparative
Example 1 and the evaluation is done in the same manner
as the Example 1. The result is shown in Table 1.

~ ) Table 1
|Number of non-discharged |
20 droplets counted until Non-print time
all of 24 orifices (hour)
discharge droplets

Example 1 | o 1 1
Example 2 _ o _ .12

25 Comparat;ye 1000 _ SRR |
Example 1
Comparative|Two of 24 orifices do 12
Example 2 |not discharge droplets




i arge droplets Exanple 1 0 - 1 Exanpl e

mum 12 25 CEonparative | : 1000
! \“‘\u\ rative Two of 24 orifices do 12 Exanple’2
di sehadt gé€ droplets -20- CLAIVEO 1= A'liquid jet recorder having an

el ectro- thermal energy transducer used to heat |iquid upon appl i cat i onwdf
‘an electrical signal to forma flying 5 droplet, conprising: discharge
signal generating nmeans for causing said electro-thernal energy transducer
to di schargeLADMSeropl et; and heating signal generating neans for
generating a 10 high frequency electrical signal to be applied to said

el ectro-thernmal &oergn Ligndidugat Wddorder reagtndg nanfélecend-f or
di scharging of the droplet. 2. Aliquid jet recorder according to Caiml

15 wherei n shérmdlseherge tiransidupmienaied gtordeest ahilgsiddupent i ng si gna
generating nmeans are conmon. 3. Aliquid jet recorder according to Caim
1 wherei n sapglilcathangofsiagnallephrdrcal rsignahstanfo20 aafhyhegtlng si gna

generatlng means are separate from each ot her.
. droplet, comprlslng--

discharge signal genefating means for causing
said electro-thermal energy ﬁransducer to discharge |
the droplet; and S ' W,
héating-signal generating means for generating a
10 high frequency electrical signal to be applied to said '
electro-thermal energy transducer within a range

insufficient for discharging of the droplet.

2. A liquid jet recorder according to Claim 1
15 wherein said discharge signal generating means and

said heating signal generating means are common.

3. A liqﬁid jet recorder according to Claim 1
wherein said discharge signal generating means and
o9 Said heating signal géneratinq means are separate from

each other.

4. A ligquid jet recorder accofding to Claim 1
wherein a pulse width of said high frequency electrical
95 -signal is.1/1.25 tq 1/100 of a pulse width'bf"fhe '

droplet discharge signal.



N

4. Aliquid jet recorder according to Claim1l where

R N LR LT

recor der acbordlng to claim” 1 whergin_a voltage of sald hi gh frequency
elecijlcal Slgnal is 1/1.25 to 1/10 of“a vol tage of the droplet discharge
signdl. 56.  Aeliduidiquid riebr qeecordesr dapgorddngc| Fom clwdar eiln a

L reﬂuency ]9f sai @h@r&]‘}r{ L wgw? decéfl§aid5hﬂ§ﬁ| frsgaeheylﬁﬁebw&%aas
i as a frequen e i Si
drgplet recorgin (ﬁ/ rEPaf?gédgg §9f agsppé.ngﬁ %roplet

el ectrical S|gndﬁsdharga1sﬂgnalo thermal energy transducer to heat |iquid
to dischagge a liquid droplet, characterised in that when 15 a
predetermned tine.periiod has.el apsed from di.scharge of ‘a droplet, hi gh
frequency el ectrBcal siPgndiBid |I8%| ?%S%¥¢?€|eﬂFcPSdﬂPSChﬁpgecéaéﬂb&<ﬂ

is applied to whereil anFhefiendy oficeaidthighubbquénsy’ abllegtiteas 20
E sohar potor ! N9 oIghAd0 0PIl '¥hd u£héh"hd HEGH°RA 4 Egeqaa'nat eoRhg
droplet discharge signal.
10 .
7. - A liquid droplet recording method for making a
record by applying an electrical signal to an
—/ electro-thermal energy transducer to heat 1liquid to
discharge a liquid droplet, characterised in that when
15 a predetermined time period has elapsed from discharge
of a droplet, a high frequency electrical signal of a
level insufficient to discharge a droplet is applied

to the transducer by heating signal generating
means.
20 _
' 8. A recording method according to claim 7 wherein a
non-print droplet discharge signal is applied to the
transducer to discharge a non-print droplet after said
high frequency electrical signal has been applied.
25 :
N\ 9. A recording method according to claim 8 wherein
said non-print droplet is discharged a predetermined
time after said predetermined time period.



+

—rraﬁ§ﬁﬁE€?—?6—aT§EBarge a non-print droplet after said high frequency

a“EWﬂl has been applied. 25 9. A- recording net hod according ;
i“‘%“ “ n said non-print droplet is discharged a predet.er m hed

|mecafter sal d *predet ermi ned ti ne pet? ou. -22 10. A recording nethod
accordlng to Caim7 wherein said discharge signal generating nmeans ance:
“sai d heating signal generating neans are conmon. 5 11. A recording

met hod according to Caim7 wherein said discharge signal generating nmeans
and sai d heatinglfi.gnal rgecaddmg ettt aceosdingate Claimedach other. 10
12. A recording nmethod .according to Caim1 wherein a pulse width of said
hi gh frequewbgreincsridaldisshgrge isignal Zenerdtiy wéanspahde wi dth of
the droplet discharge signal. 15 13. A recording nethod according to
Cd aim 7 whesaid heaﬁnnagélanadagfnﬂqﬁtanxmg#mq areceemman.si gnal is
1/1.25 to 1/ 10 of a voltage of the droplet discharge signal. 20 14..
A recording nethod according to Clain17 wherein a frequency-of sai d high
frequenc electrlcal SI nal | 00 tlnes s high a - fre uency of the

wherein said dlscharge signal generatlng means and
said heating 51gnal generating means are separate from

each other. B | i | _ | §~j

10 12. A recording method accbrding”to Claim 1
wherein a pulse w1dth of sald hlgh frequency electrical
_SLgnal is 1/1.25 to 1/100 of a'pulse width of the

droplet discharge szgnal.

15" 13. A recording method according to Claim 7
. wherein a voltage of said'high_frequency electrical
_signal is 1/1.25 to 1/10 of a voltage of the droplet

discharge signal.

20 14. A recording method according to Claim 7
wherein a frequency of said high frequency electrical
signal is 2 to 100 times as high as a frequency of the

droplet discharge signal.

25



N .
#15. A: recording nethod - substantially as herein descrl bm m uﬂ“\
eference torthe acconpanylng drawings. 16. Aliquid jet r ‘&““
\Bubsfantlally as "herein described with reference to the ac 1nq s
dramnngs

—F | - Pe)

15. A recording method substantially as herein

described with reference to the accompanying drawings.

16. A liquid jet recording device substantially as

herein described with reference to the accompanying

drawings.




