- 5 APR 2004 -1 INK JET HEAD SUBSTRATE HAVI NG HEAT GENERATI NG RESI STOR AND
| NK JET HEAD AND RECORDI NG METHOD USI NG SAME FI ELD OF THE | NVENTI ON AND
RELATED ART The present invention relates to a base board, for aniJﬁ%?FﬁW{
head whi ch uses thermal energy, to eject ink droplets in response to
recording signals, to forminages on [ggprding medium It also relates to
an ink jet head, an ink jet apparatus, and an ink jet recordi ng nethod.
Presently, there have been proposed various ink jet recording methods.
Anong those ink jet recording nethods, the nai nstream net hods are those

whi ch record i mages by ejecti [ edsedyra®Pp! yi ng heat from
exothermc resistors to the ﬁm% @%ﬁﬁ?ﬁﬁg chanber in a recording head, in

accordance wth recorﬂﬂ%éim BENSRE X RS esPOR SAGH an ink et

recording nethod,,there i's the ink jet recording nethod disclosed in
Lai d- Open Japa“es%beftﬁ H¥ap HH BTG atETHOD NYs 1 GWBAHE t he
phenonmenon that application of thermal energy to ink generates bubbles in
the ink, is used to eject ink. This type of ink jet recording nethod has
beconme one of the nmainstreamnethods in the present field of ink jet
recordi ng,s RaGaWsOF AW IINVENTIDN hAND nREBRTED t ART openi ngs  (herei nafter
opening may be referred to as orifice) - 5 APR 2004 -2

The present invention relates to a base

board, for an ink jet head which uses thermal energy,
to eject ink droplets in response to recording
signals, to form images on recording medium. It also

10 relates to an ink jet head, an ink jet apparatus, and
an ink jet recording method.

Presently, there have been proposed various
ink jet recording methods. Among those ink jet
recording methods, the mainstream methods are those

15 which record images by ejecting ink droplets by
applying heat from exothermic resistors to the ink
within a chamber in a recording head, in accordance
with recording signals. As an example of such an ink
jet recording method,,tﬁere is the ink jet recording

20 method disclosed in Laid-Open Japanese Patent No.
59,936/1979, according to which the phenomenon that
application of thermal energy té ink generates bubbles
in the ink, is used to eject ink. This type of ink
jet recording method has become one of the mainstream

25 methods in the present field of ink jet recording,
because, according to this method, the openings

(hereinafter, opening may be referred to as orifice)




fromwhich ink is ejected can be easily disposed in high density. It has
been known that in a recording nethod which records images by ejecting ink

fromorifices by applying thermal energy to ink, in accordance w t.h? APR 2004
recording signals, with the use of exothermc resistors, the size of an

I nk droplet is dependent wupon the apparatus conditions such as the anmounts
of thermal energy or pressure appliedt% ink, and physical properties,
such as specific heat, thernmal conductivity, thermal expansion constant,
or viscosity, of ink. Thus, in order to consistently eject ink, many
proposal s have been nmade to control these factors. For exa Ie Lai d- Open
Japanese Pat dmom MiiciAnisdis| SHEPAS Gt dift i itly SRR

controlling the rising and falling of the voltage applied to a heat
generating ehé@nd®niid¥al so the fact that the tenperature of an

exothermc resistor cha I n.r onsetothe ch nge i dth and
pul se anplitude, and tier %r% Qﬁ%‘{) Wupbbtfhariloll urfe Igcqnsd l'Plganges I n response

to the changes .in pul SIS i oses an
ink jet rec c&b TRYHST S&n&éﬂé% s pu|i Mpsftlh lricgn pfulli,‘ée'sl anpl i t ude

Lgagj ect ik C%rﬁﬂﬁ{genﬁﬂé’rmaﬁqeen&waﬁ efhist i &5 YcArddfeeniigay ink jet

recording signals, with the use of exothermic
resistors, the size of an ink droplet is dependent
upon the apparatus conditions such as the amounts of
thermal energy or pressure applied to ink, and

10 physical properties, such as specific heat, thermal
conductivity, thermal expansion constant, or
viscosity. of ink. Thus, in order to consistently
eject ink, many proposals have been made to control
these factors. For example, Laid-Open Japanese Patent

15 No. 132,253/1980 pays attention to a method for
controlling the rising and falling of the voltage
applied to a heat generating element, and also the
fact that the temperature of an exothermic resistor
changes in response to the changes in pulse width and

20 pulse amplitude, and therefore, the bubble volume also
changes in response to the changes in pulse width and
pulse amplitude. Thus, it discloses an ink jet
recording method which controls pulse width and pulse
amplitude to eject ink consistently. The

25 characteristics of a present day ink jet head
definitely meet this technical standard. However, if

substances which change in physical properties when



definitely neet this technical standard. However, if substances which
change in physical properties when -3 heated are contained in the ink,
forei gn substances (hereinafter, this nmay be referred to as burnt -5 APR 7004
deposit) sonetines precipitate. If such foreign substances continue to
precipitate by a |large amount, they gradually precipitate on the surface
of the protective film which sonetines’results in reduction in the
efficiency with which heat is conducted to ink, and therefore,

i nconsi stency in bubble generation. Consequently, bubbles necessary for

ink ejection fail to be satisfacforjly formned, . t he, Lok fails to
be ej ected bpepk&dafFEntCItdNed 1 fh olrnx;l 1ok %l%ﬁg%&?‘% i s not

ejected at all; in _other ds, ' lihesd hEAge consistency with
whi ch i nk is(gjeé"c'f"tlé’(ffjl r§o%&fe“(':eﬂt%€e%érfs%%q§e%or d% ng head has been

drastically ﬁggé%ﬁqu%dﬂég?meéuggégfg&@g@§jiCﬁglghéﬂpf@y@ﬂgﬁn terms of

oper ati onal si‘on, and wth these i1 nprovenents, the amount of ink

ejected thr O'#:gl%saca%{ &Sl EGHiON & Vst hast beeby dect eagé ngmotassequent | y,
t he amobunt of energy ich an exothermc resistor nust apply to ink has

al so becore siRlJ fraddb S b B Bt donnentthe s faceéhef aneunt of burnt
deposit which adheres to the protective filmis relatively snmall for the

above descrigiefd@aisan, fihe, effibch ssafethreburasulieposnt redhrEhondheres to
the protective film upon the ratio

in the efficiency with which heat is conducted to ink,
and therefore, inconsistency in bubble generation.
Consequently, bubbles necessary for ink ejection fail

10 to be satisfactorily formed, and therefore, ink fails
to be ejected by the amount necessary for normal
recording, or ink is not ejected at all; in other
words, there is a decline in the consistency with
which ink is ejected. Also in recent years, a

15 recording head has been drastically reduced in size,
and also drastically improved in terms of operational
precision, and with these improvements, the amount of
ink ejected through a single ejection cycle has been
decreasing. Consequently, the amount of energy which

20 an exothermic resistor must apply to ink has also
become smaller. In such an environment in which the
amount of burnt deposit which adheres to the
protective film is relatively small for the above
described reason, the effects of the burnt deposit

25 which adheres to the protective film, upon the ratio

of the thermal energy prevented from being conducted

from a heat generating element to ink, is rather




of the thermal energy prevented from being conducted from a heat
generating elenent to ink, is rather -4 large, sonetines causing changes in
the amount by which ink is ejected, and therefore, derogatorily aff&dPR 344
the recording of highly precise imges. Thus, it has becone necessary to
strictly control the generation of burnt deposit. In the past, the above
described precipitation of burnt ink irgredients has been dealt with by
nodi fying ink in terns of ingredient. It has been known that the burnt
deposit contains both inorganic conponents such Fe and organi c conponents.
As for the inorganic conponents, it is.  thought t@pt %%%nQr% | em i nvol vi ng
the i nor gani &arg8np&REEtd Mesh P SIRY, &Y eEddith T "Eh &M g Feagent to ink
because the addition of chelating re t i ' Ay £oordinating

i nor gani ¢ coMPpdrEntSk 14 echS:"rCtteHg oaﬁjgogﬁﬁ%@rg?r?p%%ﬁerﬁfeg%q% S tyﬁought t hat
the problem.involving the organi. hS (AR alap geipl ved by the
addi ti on of @ﬁé@&?ﬂﬁ@gF géﬁ?gP%h%ﬁﬁgﬁﬁgggﬁgz'chelatind'ré%gent prevents
organi c conpgnents . _fr | dZd the Sxgtharmoaesdistayd | ayer

I n ot her wor ?P%% H%Igﬁ%gg%%£@%atIﬁ§§é¥kﬁtion of gﬂglating reagent to

I nk prevents rq%g. Senasidt ddpygaccunmul ating on the exothermc
resistantglaggﬁg Jr?ﬂer, Lal d- Open Japanese Patent Nos. 160,070/1991 and

80, 664/ 1996 al so di sclgsersdlgdd ONStHed duerepraddambed
precipitation of burnt ink ingredients has been dealt
with by modifying ink in terms of ingredient.

It has been known that the burnt deposit

10 contains both inorganic components such Fe and organic
components.

As for the inorganic components, it is
thought that the problem involving the inorganic
components can be solved by adding chelating reagent

15 +o ink, because the addition of chelating reagent
ctapilizes ink by coordinating inorganic components.

As for the organic components, it is thought that the

problem involving the crganic components can also be
solved by the addition of chelating reagent to ink,

20 bpecause chelating reagent prevents organic components
from crystallizing on the exothermic resistant layer.
In other words, it is thought that the addition of
chelating reagent to ink prevents carbonized deposit
from accumulating on the exothermic resistant layer.

25 Further, Laid-Open Japanese Patent Nos. 160,070/1991
and B80,664/1996 also disclose solutions to the problem

regarding the burnt deposit. According to the former




regardi ng the burnt deposit. According to the fornmer -5 patent, oxonium
anion is added to ink to control the precipitation of burnt ink

ingredients, and according to the latter patent, phytic acid or phyta&teppi B04
added to ink to control the precipitation of burnt ink ingredients.

SUMVARY OF THE I NVENTION In the aforenmentioned ink jet head, the surface

of the protective film on the side whiTir cones into contact with ink, is
coated with an anti- cavitation film which is nmainly formed of tantal um
(Ta). It has been known that not only is Ta highly resistant to nechani cal

shock, but also it is relatively corrosjon resistant. In consideration of
the fact thaPatR8trhpHeaiun Roigh iix/d9ed itth Mk rﬁot‘F%“"rﬁ‘gie €he

efficienc with which heat j§ conducted froma heat generating. elenent to
Tk, Cthe. ant PTESIBRAERART [Aimb i Hed Pod G e ar b (Tt aecordindi o In
recent years, the n r _ of .heat ing. el ' .re kng head
has begn | n@Pe&E‘&d&g%‘r% i é‘natcﬁ?a ‘| '%i/er{ﬁli%r [ n(g.':?%%%%?lét%gagﬁi gkness
of the anti-cavitation filumdends, {0 de; g AOUERSh Lo N, ARE € bhan 0.3 pm from

t he viempointooﬁ ener gy conservation. e provision of such a thin

anti-cavigatkggfgd-gh )n the exothermc resistant |ayer, and the usage of
the above described I nk,

SUMMARY OF THE INVENTION

In the aforementioned ink jet head, the
surface of the protective film, on the side which

10 comes into contact with ink, is coated with an anti-
cavitation film, which is mainly formed of tantalum
(Ta). It has been known that not only is Ta highly
resistant to mechanical shock, but also it is
relatively corrosion resistant.

15 in consideration of the fact that the thinner
the anti-cavitation film, the higher the efficiency
with which heat is conducted from a heat generating
element to ink, the anti-cavitation film is desired to
be as thin as possible. In recent years, the number

20 of heat generating elements in a recording head has
been increased for high quality recording. Therefore,
the thickness of the anti-cavitation film tends to be
reduced to no more than 0.3 pm from the viewpoint of
energy conservation. The provision of such a thin

25 anti-cavitation film upon the exothermic resistant
layer, and the usage of the above described ink,

result in improvement in terms of the precipitation of



result in inprovenment in terns of the precipitation of - 5 APR 2004 -6
burnt ingredients. However, it has al so beconme evident that these neasures

created new
conti nuous

It is thought that the corrosion of the

occurs through two nechanisns. One nmech@mhi smis that cracks are
at the crystal

mechani smi s

exanpl e, EDTAuint JHEerdeihk: tHRNeYSE:

problens. That is, the exam nation of Ta filmafter a

-3 APR 2004

driving of an ink jet head revealed corrosion of the Ta fil

anti-cavitation film forned of Ta

gener at ed
grain boundaries in the anti- cavity film and the other

that Ta itself chemically reacts with the chel ati ng reagent
and the Ilike contained in ink. In other wach%%If ch at| ng reagent (for

Chel ati ng

reagent is increased, the chelatin reagent  £oor éwﬁgﬁﬁbg' gWhich is used
e

as the nmatergatdent PR HEFSTHTIATON FITM por

film cau5|n
durability o
recordi ng hea
refined, or
even if the

10

15

20

25

protective

Rl PLOLEELI VL I IG, 6P £QUP1 M AL OPIRIL AR  fBGHESS the

esl ij ant ayer n parti cul ar, when a

h hi
$ 7P It Ve oThR o for LB PLEEL1 U8 Lok #osign absocheghl y

educ ness. Therefore, it is possible
sUrfacg. of 11 hes PERLESGhE VEnEt! Bhé Nc6ppdaLdn Wbt hthak is

anti-cavitation film formed of Ta occurs through two
mechanisms. One mechanism is that cracks are
generated at the crystal grain boundaries in the anti-
cavity film, and the other mechanism is that Ta itself
chemically reacts with the chelating reagent and the
like contained in ink. In other words, if chelating
reagent (for example, EDTA) is added to ink, that is,
if the amount of chelating reagent is increased, the
chelating reagent coordinates Ta, which is used as the
material for the anti-cavitation film portion of the
protective film, causing the protective film to
corrode. This sometimes reduces the durability of an
exothermic resistant layer. In particular, when a
recording head is highly refined, the protective film
is also highly refined, or highly reduced in
t+hickness. Therefore, it is possible that even if the
surface of the protective film in contact with ink is
corroded only slightly, cracks occur in the protective
film, and the cracks easily reach the exothermic
resistant 1ayer,-and damage the e#othermic resistant
layer. For this reason, the amount of cheiating

reagent to be added to the ink must be adjusted.

t hat




corroded only slightly, cracks occur in the protective film and the
cracks easily reach the exothermc resistant |ayer, and damage the
exothermc resistant layer. For this reason, the amount of chel ating§ ApR 2004
reagent to be added to the ink nust be adjusted. -7 Thus, even though the
addition of chelating reagent seens to _nmake sone degree of i nprovenent
regarding the durability of a heat geﬁé?ating el enrent and the probl em of
the burnt deposit, it does not seemto be the fundanental solution to the
above described problens. Thus, the inventors of the present invention

anal yzed in detail the factors i ch caused the above. descri pr obl ens,
that is, theTPp&ci VLRt LHRVUGP Eggntaad&a:ﬁ%ro diBHt seftlinréolrs]%él eﬁcy in ink
ejection, and redyction in the durability. Dﬁﬁt genei Ll nghe €l ement,
and the |ikeSeRES,y Pe?ﬁ%?,%qﬂgmg?é %%Eégif%ﬁgréqéﬁ there was aénet%od f or
conpr ehensi vel al,ving .t he r <ag? Mt 1shed? 44€ PASt, it has been
pr esuned thg‘f“%fa%’élélgg\%gfdgs?%apb&eg}g&o Itel-r?tga%e cel osely related to the

physi cal pro%errotbilgﬁl Qfe il viHAM R RN 0N Sioe bt heedm keo BAd _
therefore, there were no sinple solutions to them However, the studies
made by the iLRweR Qlghnhtile S18%EWn ity eftid abswgadebagibd® causes of the

precipitation of burnt ink ingredients and the destruction of the heat
generating elg@ntemgthi | € paying attention to the surface on which the
Thus, the inventors of the present invention
analyzed in detail the factors which caused the above
described problems, that is, the precipitation of

10 burnt ink ingredients, inconsistency in ink ejection,
and reduction in the durability of the heat generating
element, and the like. As a result, it was discovered
that there was a method for comprehensively seolving
these problems.

15 That is, in the past, it has been presumed
that the above described problems are closely related
to the physical properties of ink, driving conditions,
and the like, and therefore, there were no simple
solutions to them. However, the studies made by the

20 inventors of the present invention regarding the
causes of the precipitation of burnt ink ingredients
and the destruction of the heat generating element
while paying attention to the surface on which the
burnt ink ingredients precipitate revealed that the

25 amount by which the burnt deposit was generated was
dependent upon the highest temperature to which the

surface of the protective film in contact with ink



burnt ink ingredients precipitate revealed that the anount by which the
burnt deposit was generated was dependent upon the highest tenperature to
which the surface of the protective filmin contact with ink -8 reaeljesPR 2004
Further, the studies regarding at what |evel the highest tenperature

shoul d be set revealed the follow ng. Wien the highest tenperature was set
at 600C or 700C, that is, the tenperatthes set in the conventional

nmet hods, it was observed that burnt ink ingredients precipitated, and/or
that the wiring of the heat generating el enent broke due to the
precipitation of the burnt ink ingredients and/or the nelting of the
protective | ayssrchedonevBrrthemeriiry sHAigyHeeIaiehperat d‘fléa"br]o%\ﬁ%%d better
results; it was discovered that when a sufficient anmount t her mal
energy was supp ileidihest n‘I@W’FFIF%t‘h%ﬁ rﬁ%‘iﬂ%gbetﬁ%tt’é%%?la‘f rTe Bf the

af orenmenti oned surface at no %her t han 560C S COI‘IS{S gnt y

ej ected, wit HEQlleoWirEti piWRET o fh’t%e%*ﬁr%"?m?%ﬁaﬂhﬁ? et ents

satisfactorily controll ed, .1 n_ot her words cover t keeping
the highest t&Mper RTrtOBiCt nEahibienthti "é%emg%F g%"'sé 0 ﬁg %E%t ective

| ayer at n qurgrgﬂﬁ%rtlgf%&? P"E“‘g e(tx%mpfﬂ‘éé%v%sgp{,egn{ﬂagogﬁﬁpuigﬂ to the

control li i on of ur nt I ngredi ents, but also

contributed tp the C o Riptggthye film
making it pos’s’f‘%%d%gﬁg %%‘g{l%ir)%#%& Qﬁ%gig Eggg JE]'Egard a% i nk jet head,

?g(rjngn Ink jefnd egoLg &&&F&@% Mé@@nw%ﬁepeﬁeowﬂh@orrprehensu ve
precipitation of the burnt ink ingredients and/or the
melting of the protective layer. However, lowering

10 the highest temperature produced better results; it
was discovered that when a sufficient amount of
thermal energy was supplied to ink while maintaining
the temperature of the aforementioned surface at no
higher than 560°C, ink was consistently ejected, with

15 +the precipitation of the burnt ink ingredients
satisfactorily controlled. In other words, it was
discovered that keeping the highest temperature of the
aforementioned surface of the protective layer at no
more than a predetermined level not only contributed

20 +to the controlling of the precipitation of the burnt
ink ingredients, but also contributed to the
prevention of the corrosion of the protective film,
making it possible to provide an ink jet head base
poard, an ink jet head, and an ink jet recording

25 method, which were superior in comprehensive terms.

Further studies made by the inventors of the

present invention revealed that in order to keep the



Further studies made by the inventors of the present invention reveal ed
that in order to keep the -9 tenperature of the aforenentioned protective

| ayer surface no higher than 550C, the thicknesses and thernal 5 APR 2004
conductivities of the various |ayers of the protective film and the
voltage and width of the pulses applied to drive the exotherm c resistant

| ayer, had to be controlled; in particular, when the protective filmwas
very thin and was excellent in thermal “conductivity, controlling the width
and voltage of the driving pul ses was one of the essential solutions to

t he above described problens. Thus, the inventors of the present invention

created a ”%'ik% ?ﬁJe el goad MedSld %é%gcplvgnl%ﬁé#he hheat

generati ng head, S|nulate i nt1ng “operations i ghest
Cemper at ur es gl ! 3 @Haqn%%o&wf% SR & fgeisely
obt ai ned mhlﬁe varylng tl%r§HEV|ng pul ses. As a resu gﬁgthe pr esent

nvent i on vekyggshelBtautlich « alig AR vle @ oy eis hoRdhase board,

an ink jet hea an ink jet recordi ng nethod, assure that

the afor eﬁentplr%&%@thlv@hqatmt ETRRY alHY &oMaded iR Wtrﬂ%ﬁlﬂ#@r than 550C.
As descri bed above, the primary object of the present inventionis to

provide ars i pleljsels Apad ikb@sao mand e igdotmirdiaadregist &t | Nk | et
recordi ng met hod, which conprehensively solve the aforenentioned problens:

t he precipit atsiyer,ohadurnat benlcdmtgroadieent Sn gancoinsi sd enoyhem €hpect i on, and
shorteni ng of the
protective film was very thin and was excellent in
thermal conductivity, controlling the width and
voltage of the driving pulses was one of the essential
10 solutions to the above described problems. Thus, the
inventors of the present invention created a
mathematical model based on the structure of an actual
heat generating head, and simulated printing
operations, in which the highest temperatures which
15 the aforementioned surface reached were precisely
obtained while varying the driving pulses. As a
result, the present invention was completed, which
could provide an ink jet head base board, an ink jet
head, and an ink jet recording method, which could
20 assure that the aforementioned highest temperature
would be kept no higher than 560°C.

As described above, the primary object of the
present invention is to provide an ink jet head base
board, an ink jet head, and an ink jet recording

25 method, which comprehensively solve the aforementioned

problems: the precipitation of burnt ink ingredients,

inconsistency in ejection, and shortening of the



- 5 APR 2004 -10 length of the durability of a heat generating el enent.

According to an aspect of the present invention, there is provided an ink

jet recording nethod of ejecting ink using an ink jet head substratg ‘%P'R 2004
c

provided with a heat generating resistor which is coated with a protecting
film wherein the ink is ejected by a pressure produced by generation of a
bubbl e created by filmboiling of the i+il0-caused by application of thernal
energy to the ink through the protecting film the thermal energy being
generated by driving of said heat generating resistor, the inprovenent
residing in that there is provided a recording node in which the ink is

ej ected wit hi1angmxicfurmdeenherattiirietatof e atf apeneofating pleperting film
which is contacted to the ink not higher than 5600C. According to another
aspect of the present Adovetitn®rto tdreraspechroli thel RFeseRt| et head
conprising an ink jet head substrate including a heat generating resistor,
a protecting ifiventdiorh itiete sks Proededcierdtf nift e5F<SPEY178 coat ed,

wherein heat generated by said heat generating resistor is agﬁlied to ink
through sai d qetdtasttdh@Ie¢ne thleatel 20 wbbiek IRt tARAENRIPEhEREDY to
eject the ink by a pressure by the creatjon of the bubb t he i nprovenent

resi ding 9 nRaetidedasdthif (RePertRTE {n%.5%?*%E%roVL§5Pdlsprotecting

filmcontacted to tNg i1k, 58P0k 1in5 BN ene ink 1s

ejected by a pressure produced by generation of a
pubble created by film boiling of the ink caused by
application of thermal energy to the ink through the

10 protecting film, the thermal energy being generated by
driving of said heat generating resistor, the
improvement residing in that there is provided a
recording mode in which the ink is ejected with a
maximum temperature at the surface of said protecting

15 film which is contacted to the ink not higher than
560°C.

According to another aspect of the present
invention, there is provided an ink jet head
comprising an ink jet head substrate including a heat

20 generating resistor, a protecting film with which said
heat generating resistor is coated, wherein heat
generated by said heat generating resistor is applied
to ink through said protecting film to create a bubble
in the ink, thereby to eject the ink by a pressure by

25 the creation of the bubble, the improvement residing
in that a maximum temperature at a surface of said

protecting film contacted to the ink is not higher



-11 than 560C during driving of said heat generating resistor. According to
a further aspect of the present invention, there is provided an ink jet
apparatus which includes an ink jet head conprising an ink jet headd APR 2004
substrate including a heat generating resistor, a protecting filmwth

whi ch said heat generating resistor is coated, wherein heat generated by
said heat generating resistor is appligdto ink through said protecting
filmto create a bubble in the ink, thereby to eject the ink by a pressure
by the creation of the bubble, the inprovenent residing in that there is
provi ded driving %%ﬁgpl control_ neans for nmaking a nmaxi num tenperature at

a surface of t&ard e GUHPYI 93 th it 4 §93He 959185t 1 gher t han
560C during driving of said heat generating resistor. According to the
present inved®iSd®tathe highest tenperature which the protective film

surface is allowed to reach is set tenmperature ' n 560C,
5§%Jaé¥u h rf?%§%é¥ of“%%%ﬁﬁf%ﬁéﬁ@

not only are the inkiﬁﬁﬁ revente m pr eci pi , as burnt
deposit, on the surface t.dr | 54 AU S Sdead generating
el ement, but ANES R prioted VV%IgliméE?prevente féﬁﬁnbeing shaved away.

Ther ef or e, eygn yhen dheexoddierdl cjdesheddbohting dariderjeeduced in
and" n t her

t hi ckness Size, a efore, the anount of the thermal energy
gener ated by Jhe; exgiderfi€ 188l wiat a RedPRyai¥®dating resistor, a

protecting film with which said heat generating
resistor is coated, wherein heat generated by said
heat generating resistor is applied to ink through

10 said protecting film to create a bubble in the ink,
thereby to eject the ink by a pressure by the creation
of the bubble, the improvement residing in that there
is provided driving signal control means for making a
maximum temperature at a surface of said protecting

15 film contacted to the ink not higher than 560°C during
driving of said heat generating resistor.

According to the present invention, the
highest temperature which the protective film surface
is allowed to reach is set at a temperature no higher

20 than 560°C, not only are the ink ingredients prevented
from precipitating, as burnt deposit, on the surface
(heat transmission surface) of a heat generating
element, but also the protective film is prevented
from being shaved away. Therefore, even when the

25 exothermic resistant layer is further reduced in
thickness and size, and therefore, the amount of the

thermal energy generated by the exothermic resistant




-12 layer becones smaller, the problemthat the thermal energy is
prevented frombeing efficiently transmtted, by the accumnul ati on of BRR 2004
ink ingredients, can be controlled to make it possible to formhighly
preci se images of high quality, as well as to provide an ink jet head base
board and ink jet head, which are superjor in ejection consistency and
durability. Wth the application of thé‘ﬁ%ésent I nvention, even when

chel ating reagent was added to ink, the precipitation of burnt ink

i ngredients could be controlled and the corrosion of the protective film

could be prevented, as |ong as, the hjghest t e r o urface of
'lt he Sr o% eﬁt i \ﬂ@v\ll‘thrf rﬁetj?'%%ﬁ]t??ﬁl‘”vﬁfh tl?%kpﬁ%%fg;ﬁoﬁﬁighg?ez h%%pﬁ%gct .

nci dental ly, en addi ng chel ati . e anmount o e
chel ati ng reé’dkerﬁg%d‘o%oplg‘?%exii%%éig’g%fﬁea% erétﬁgﬁlgycrelﬁ%i n val ue, the

chelating 1 SA0cly SONEL! B SEL I ES,RepauBsn obe tBa-AR! uhk! i1y of the

chel ating rea eas s smaller than a certain value, the

chel ating reagenf  do ot . shoNe i tSnt 861 BEaSto THHRe tBepaBBuBleOfot he
chel ati ng regga%%e€%£§%§§i$ed to benno | ess than 50 ppmin weight and no

more t han 20 %r:f@h?éﬁifrﬁpédis@md@géstJaﬁnhsanpgmantyv\ehghweanda:so mor e
than 10 wt. % relative Tto the entirety of the ink. The degree of
protection offgrgdsbpaanth ink AR BEAd bdBe board and ink jet
head, which are superior in ejection consistency and
durability.

With the application of the present

10 invention, even when chelating reagent was added to
ink, the precipitation of burnt ink ingredients could
be controlled and the corrosion of the protective film
could be prevented, as long as the highest temperature
of the surface of the protective film in contact with

15 ink kept no higher than 560°C.

Incidentally, when adding chelating reagent
to ink, if the amount of the chelating reagent added
to ink is greater than a certain value, the chelating
reagent sometimes settles because of the solubility of

20 the chelating reagent, whereas if it is smaller than a
certain value, the chelating reagent does not show its
effects. Thus, the amount of the chelating reagent is
desired to be no less than 50 ppm in weight and no
more than 20 wt.%, preferably, no less than 80 ppm in

25 weight and no more than 10 wt.%, relative to the

entirety of the ink.

The degree of protection offered to anti-




cavitation filmagainst corrosion by the present invention is far greater
conpared to that offered by the conventional nethods. However, in-grﬁrmmo
further inprove the corrosion protection for the protective film that 15,
in order to protect the protective filmfroma larger variety of inks, the
af orenenti oned | ayer of the prot ective_fl'gl_m whi ch makes contact with ink,
that is, the anti-cavitation film my be fornmed of anorphous all oy
containing Ta. Further, the anorphous alloy for the anti-cavitation film
may contain no | ess than one material among Fe, Cr, and Ni, in addition to

Ta. Incidentall he . &fqremeatiered arRsRbausyakhey prasenanposed of Ta,
Fe, Cr, andcﬁﬁ?itg%é%\ﬁhgﬁqhg%%munt of Ta relative to the entirety of the

amor phous  al kg)éew_iraoﬂo 1108 ot RERa3RY% dompericghtto tinatamsfereds bal | oy was
nore effective. ere are no crystal grain boundaries in the

anti-cavitatiign fdohRref@iBRd 10meithcsisanoHoheyeral lioy ordent dini ng Ta.
Therefore, the anti-cavitation film does not sustain the cracks which

m ght ot her wiggg t@eGUN mpTwvichahe tdver srifcac @ roft ecid camdqFh ddx al | oy

ontai ning Ta becones passive by being oxidized, and this passive state
prevents tshe paritiecrawid atiilon filah ifs.orny exddhd WRTPHSHE it edi ents. For
t hese reasons given above, anti-cavitation filmformed qQf anmmrphous all oy
cont ai ni ng Tpriaedtmve riasintirnwe & daTEeT YRS 0P T At % nk, conpared

to the conventional - 5 APR 2004 -14 anti-cavitation_fil mhAcr(I:ordi ng to
the. present aforementioned layer of the protective film whicC

makes contact with ink, that is, the anti-cavitation
film, may be formed of amorphous alloy containing Ta.
10 Further, the amorphous alloy for the anti-cavitation
film may contain no less than one material among Fe,
Cr, and Ni, in addition to Ta. Incidentally. the
aforementioned amorphous alloy was composed of Ta, Fe,
Cr, and Ni, and when the amount of Ta relative to the
15 entirety of the amorphous alloy was no more than 30%
in weight, the amorphous alloy was more effective.
There are no crystal grain boundaries in the
anti-cavitation film formed of this amorphous alloy
containing Ta. Therefore, the anti-cavitation film
20 does not sustain the cracks which might otherwise
occur. Further, the surface of the amorphous alloy
containing Ta becomes passive by being oxidized, and
this passive state prevents the anti-cavitation film
from reacting with ink ingredients. For these reasons
25 given above, anti-cavitation film formed of amorphous

alloy containing Ta has more resistance to the

corrosion caused by ink, compared to the conventional




I nvention, the highest tenperature of the surface of the protective film
in contact wwth ink is kept no higher than 560C, which alone is effective
to keep the corrosion of the anti-cavitation filmunder control. HobeAPBr2004
according to the present invention, an additional nmeasure is taken, that
is, the anti- cavitation filmis formed,qgf anorphous alloy containing Ta,
and therefore, the corrosion of the anti-cavitation filmis better

controll ed because of the synergistic effects of the |ower tenperature and
usage of anorphous alloy containing Ta. The anorphous alloy as the materi al

for the anti-cavitation.film. b Qauced Witk rdLsse than one kind
of metal annﬁﬁ%ﬁeFaé?FaﬁéPnGgﬁqg%d %fgkﬁn addi tion tgg%a. Furt her, using

four kinds of,  aRtalli C Rl §liHebt idbdribrute Jf tid swtithdé @5 the

materials for'the anti’-cavitatl on film in such a ratio that Ta occupies

no nmore than t%%()/‘#rj?:t‘@tq% af; tehe renddrteiot ofidiheidi nishesbalnoy, inproves
the Ta containing alloy in terns of the above descri bed beneficial

charact eri st iyG,q@KitHad t5qu0ss] Bl dio alietd ers cafteotitdetedreesi on of the
anti-cavitation film and also to extend the service life of a heat

gener ati ng ehap@rior dds idirherf Witedsynt - drecioresi groski bl eandeext end t he
| ength of the service |life of a recording head to - 5 APR 2004 -15 a degree
that it virtusldtromat chsvevet, cceording [ thecoresert abpaeat 4en-
elimnating the need for _ _
an additional measure is taken, that is, the anti-
cavitation film is formed of amorphous alloy
containing Ta, and therefore, the corrosion of the
10 anti-cavitation film is better controlled because of
the synergistic effects of the lower temperature and
usage of amorphous alloy containing Ta.
The amorphous alloy as the material for the
anti—cavifation film may be produced using no less
15 than one kind of metal among Fe, Cr, Re, Ge, and Ni,
in addition to Ta. Further, using four kinds of
metallic materials, that is, Ta, Fe, Cr, and Ni as the
materials for the anti-cavitation film, in such a
ratio that Ta occupies no more than 30% in weight of
70 the entirety of the finished alloy, improves the Ta
containing alloy in terms of the above described
beneficial characteristic, making it possible to
better control the corrosion of the anti-cavitation
film, and also to extend the service life of a heat

25 generating element.

In other words, it becomes possible to extend

the length of the service life of a recording head to




recordi ng head replacenent. These and ot her objects, features, and

advant ages of the present invention will becone nore apparent upon

consi deration of the followi ng description of the preferred enbodi méndRR 204
the present invention, taken in conjunction with the acconpanying

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS. Figure 1 is a plan view of
the circuit configuration of the base ard of a recording head in
accordance with the present invention. Figure 2 is a sectional view of the
circuit elenents of a recording head in accordance with the present

invention. Figure 3 is a plan view of ' [ | &e S ecordi ng

head i n accord&F&FSf t E’ttge1 p‘f]elgte‘ﬁ)lll%\r}garﬁ%en. t:‘—tllagﬁre 4 iz'u-gJ s:ge(':i%i onal

vi ew of a heat eneratin e in - | £sent invention.
%ﬁé%é%ﬂQ(?%é%ggéﬁ% L AGEH AAHSE vid hddie 8

Figure 5 is & rspective view of a recording head with nultiple

heat generating heads and depi £lsmddie. general structure thereof. Figure 6
is a schematiX e"f'cgiﬁl tlllve VI ew o‘% - 5 APR 2004 -16 an enbodi nent an i nk

j et recording apparat dfe ACE e o dded hecddeseas, iavention. Figure 7
is a vertical sectional view of an

5 advantages of the present invention will become more
apparent upon consideration of the following
description of the preferred embodiments of the
present invention, taken in conjunction with the

accompanying drawings.

10
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a plan view of the circuit
configuration of the base board of a recording head in
accordance with the present invention.
15 Figure 2 is a sectional view of the circuit

elements of a recording head in accordance with the
present invention.

Figure 3 is a plan view of the circuit
elements of a recording head in accordance with the

20 present invention.

Figure 4 is a sectional view of a heat
generating head in accordance with the present
invention.

Figure 5 is a schematic perspective view of a

25 recording head with multiple heat generating heads,
and depicts the general structure thereof.

Figure 6 is a schematic perspective view of



enbodi nent of an ink cartridge in accordance with the present invention
Figure 8 is a schenmatic perspective view of an enbodi nent of a recogdi n%
unit in accordance with the present invention. Figure 9 is a schemag R 2004
perspective view of a recording head havi ng four ink cartridges. Figure 10

IS a schematic perspective view of gaél generating head and four ink
cartridges arranged on the head. Fi gur 1l is a sectional view of an

exanple of a heat generating head in accordance with the present
i nvention. Figure 12 is a schematic perspective view of a recordi ng head

in accordance wt resent. | ny € nt o) hemati c vi ew of
an ink jet P&Wﬂd"ﬁgﬁaﬁﬂ dh :tccfor arnd(:le iF‘F tf]eaf)rei:rgnt

I nventi on.

Figure 14 is a I SNS; between the ratio of the
remai ni ng pofti ﬁ%ainctehe an |-ca\}%ln§s et )‘T}lhL L

tation I'm and the hi ghest tenperature

"‘?'70*‘ the tenperature gf fhe surd age,Ofridde sudirsayi tatéwnofiam reached.

embodiment of an ink cartridge in accordance with the

5 present invention.

Figure B is a schematic perspective view of
an embodiment of a recording unit in accordance with
the present invention.

Figure 9 is a schematic perspective view of a

10 recording head having four ink cartridges.

Figure 10 is a schematic perspective view of
a heat generating head and four ink cartridges
arranged on the head.

Figure 11 is a sectional view of an example

15 of a heat generating head in accordance with the
present invention.

Figure 12 is a schematic perspective view of
a recording head in accordance with the present
invention.

20 Figure 13 is a schematic view of an ink jet
recording apparatus in accordance with the present
invention.

Figure 14 is a graph which shows the
relationship between the ratio of the remaining

25 portion of the anti-cavitation film and the highest

temperature which the temperature of the surface of

the anti-cavitation film reached.




Figure 15 is a graph which shows the head driving pulse for nodul ating the
ej ection anount in one of the enbodinents of the present invention. Figure
16 is a graph which shows the relationship between the width of the-5 ApR 2004
driving pulse shown in Figure 15, and the anount of the ejected ink.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS _ Hereinafter, the preferable

enbodi nents of the present invention wili7 be described in nore detail. The
enbodi ments of the present invention are not limted to those which wll

be described hereinafter. The application of the present i nvention to an

ink jet recording nethod in a nner represent ed f ng
enbodi nents of the pr@s‘(ﬂﬂrq rearﬁ{.é %é Cq’f ! a rea yqjséua,p%mrr or
characteristics of the ord| 0 ty
Tenper at ur e) 9&iveng tFHel"fﬁ O[dggp r{eﬁ%r}d% 1éllj\é%p &M% nt erface
bet ween t he prot |ve fi nd Nk il ration

o6 e [ o oA i e

si mul ati on c&FY§ conp et1on e present I nvention will be

descri bed. The amount_P of t t iy the exothermc

resi stant | ayer per urfi 19 %% tilkerre Ebe‘{ r%l I'es tlﬂ% #e% ow ng rrat hemat i cal

formul a: R A1 ra, Vdm yel tgeatMind 8ouRser esi stance
qﬂ%/lr 109%% B’s(t an &%& End Mind %

val ue of éxot ayer r. resistance of wring
eleCtrlcallysﬁ%ﬂﬂ?gﬂ?de§hre 15, and the amount of the ejected ink.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the preferable embodiments of
10 the present invention will be described in more
detail. The embodiments of the present invention are
not limited to those which will be described
hereinafter. The application of the present invention
to an ink jet recording method in a manner represented
15 by the following embodiments of the present invention
enhances the already superior characteristics of the
ink jet recording method.
(Upper Limit of Temperature)
First, the highest temperature reached by the
50 interface between the protective film and ink during
the printing operation simulation carried out for the
completion of the present invention will be described.
The amount P of the thermal energy released by the
exothermic resistant layer per unit of time satisfies
25 the following mathematical formula:
P = V2/(R +r}) x P, x N ... (1}

V: driving voltage [V]



exotherm c resistant layer [Q Pw. width of driving pul se [uses] N total
nunber of sub-layers in the exotherm c resistant |ayer. The resistance

val ue R of the exothernmic resistant |ayer can be cal cul ated usi ng th& APR 2004
fol |l ow ng formula: R=Ps x LHWH -(2) Ps: resistance value of exothermc
resistant layer [0O/D] LH Ilength of excit ermc resistant layer [pm VWH

width of exotherm c resistant |ayer [WH~° The maxi num val ue Wof electrical
power consuned by the exothermi c resistant |ayer per unit area and per
unit time can be expressed in the formW= P/LH WH The anount of the

thermal energy generated in the exothermc resist ayPeradj ust ed
based on the actddl ESFASEFGHE I‘Pe{ rﬁxcc’tr%es]%@ %ﬁe%%ﬁr}{: an%) the
rel ati onshi p anong the above forrmulas (1) (3). Further, the tenperature T

at the interfl#%e between the surface of the protective filmand ink - 5
APR 2004 -19 while thermal ener IS r £, PE, Ot Sh Hede BY oSOl Vi Ng
a linear equation {4) &R HG Y %fr eﬁlclgle&gaﬁeg T5he Fy

exothermic resistant layer [Q]

5 P width of driving pulse (usec]

W:

N: total number of sub-layers in the exothermic
resistant layer.

The resistance value R of the exothermic
resistant layer can be calculated using the fellowing

10 formula:
R =fs x LH/WH .. (2)
Ps: resistance value of exothermic resistant layer
[@/0]
LH: length of exothermic resistant layer [um]
15 WH: width of exothermic resistant layer [ym]

The maximum value W of electrical power
consumed by the exothermic resistant layer per unit
area and per unit time can be expressed in the form
of:

20 W = P/LH/WH ... (3)

The amount of the thermal energy generated in
the exothermic resistant layer can be adjusted based
on the actual size of the exothermic resistant layer,
and the relationship among the above formulas (1) -

25 (3).
Further, the temperature T at the interface

between the surface of the protective film and ink



PC(3T/at) = k(x)(62T/62t) + P ... (4) P: average density of protective
film[kg/ nB] C average specific heat capacity [J/(kgCO] K(x): thernma
conductivity of protective filmat point x [W(pnC) t: time (isec) ?@R 04
di stance fromreferential point (x = 0), or position of bottomsurfé JP
protective film in direction in mhich?ﬁgb-layers of protective filmare

accunul ated [pm) P: thermal energy [W e change in the tenperature T was
simulated by nunerically solving Equation (4) under a predeterm ned
initial condition. As a result, it was discovered that the tenperature T

coul d be kept no higher_ .than Y, L9 d0e e adwedivea fvymin order
to shorten tl’(‘@“ﬁe%tt}g%ﬂm}cﬁnoen S&Qrcrieé %%'mby narrow ng the driving pul se

width in Equation (1), fo . o THES &L IRt N OSISE £aFedes carri ed out
i ndependent | y'?OJi‘Fl”g%n%ilnlalﬁ%ﬁ, r ﬁno%o%fnat i o@n with additional

parameters (for e&‘f‘u@l e, driving voltage). However, thinning the protective
filmbeyond %F%%r aln thickness is not desired, because it reduces -20 the

durability of the prOth@ES['P'F H'énkff')@m,%ﬂeya&ian of the.&bdve concerns,
the thickness of the’'pro ec‘?ive filmis desired to be nade Lo be no
5 P : average density of protective film [kg/m”]
C: average specific heat capacity [J/(kg-C)]
K(x): thermal conductivity of protective film at
point x (W/(pm-C)
t: time (psec)
i0 x: distance from referential point (x = 0), or

position of bottom surface of protective film, in

direction in which sub-layers of protective film are

accumulated [pm]
P: thermal energy [W]

1% The change in the temperature T was simulated
by numerically solving Equation (4) under a
predetermined initial condition. As a result, it was
discovered that the temperature T could be kept no
higher than 560°C by thinning the protective film in

20 order to shorten the heat conduction time, or by
narrowing the driving pulse width in Equation (1), for
example.

These methods can be carried out
independently, in combination, or in combination with

25 additional parameters (for example, driving voltage).

However, thinning the protective film beyond

a certain thickness is not desired, because it raduces



|l ess than 0.1 pmand no nore than 2.0 pm preferably, no less than 0.3 pm
and no nore than 1.0 pm so that the tenperature T can be kept no hjfgﬁg
t han 5600C whil e supplying a sufficient anount of thermal energy. Fu ﬂW‘
the inventors of the present invention discovered that under a condition
that the driving voltage was within a_;zg)nge froma voltage | evel equal to

the threshold voltage for causing ink "boil, to a voltage one and a
gquarter tines the threshold voltage, a sufficient anount of thernal
energy could be supplied, while keeping the tenperature T no higher than

5600C, by making the w.dth aof the drivi ul o] re than 5 psec,
preferably, RaenBrEEPRAALY 82e$Le(ﬁéE%FﬁﬁﬁgghgggfnTth#ecording head in

t hi s enbodi nent ¢ rises: rahi heat, genglAtd MG iRads o
plurality of CPﬂElgggﬁyt?Bnﬁgc?ég %%é’ o(rgoone tosqt he heat generating heads,

and a single_or plural] ofe 5 11Nk Chamisley Q) relRdE @ IBK @t hs with
I nk. Each hEEF géﬁéggFﬁﬁﬁ Eéég égnprises: an exothermc resistant |ayer

formed on a piece,pf sybStLat Gnd@ ndi Hrdn drio/ihg, the Rxeddiey ni c
resistant |ay&f° areas one for one, and the protective film The - 5 APR

2004 - 21 recqrding head,ahsa GRS e andesantimgl fead base thmar d, whi ch
conprises? a pIuraﬁlty of orifices through which ink is ejected; an ink
ej ecting por%%%ntemperature T can be kept no higher than 560°C
while supplying a sufficient amount‘of thermal energy.
Further, the inventors of the present
invention discovered that under a condition that the
10 driving voltage was within a range from a voltage
level equal to the threshold voltage for causing ink
to boil, to a voltage one and a guarter times the
threshold voltage, a sufficient amount of thermal
energy could be supplied, while keeping the
15 temperature T no higher than 560°C, by making the
width of the driving pulse no more than 5 usec,
preferably, no more than 3 psec.
{ Recording Head)
The recording head in this embodiment
20 comprises: a plurality of heat generating heads; a
plurality of ink paths connected one for one to the
heat generating heads, and a single or plurality of
ink chambers for supplying ink paths with ink. Each
heat generating head comprises: an exothermic
25 resistant layer formed on a piece of substrate, a
driver for driving the exothermic resistant layer

areas one for one, and the protective film. The



having a plurality of ink paths inclusive of the heat generating heads,

that is, the areas where thernal energy acts on ink; and a plurality of

the areas of exothernmic resistant |ayer as neans for generating thegnpd 7004
energy. As for the recording head circuit, various circuits have been

devel oped. Sone of the recording head cj,rcuits are forned on a single

pi ece of substrate, and integrally conprise: a plurality of exothermc
resistant |ayer areas aligned in a predeterm ned manner; a plurality of
drivers provided one for one for the plurality of exotherm c resistant

| ayer areas in order tq drjve t | 1 d sy Heddaddawn data; a
shift regi stéte,cotr%em& &e&ijrﬁ%'so%]%vﬁ%%%q&gl s the number of the exothernic

resi stant | %y&%rréi gﬂa}}sibcrta%%q’%%@arglﬂﬁjgglw R Sofdeisegially inputted

i mage formati Ity of drivers; and a latching circuit

for tenporar itlr}/mus hord'dﬁg:ﬁ hgdata O Pted edard o tépeshidd pestséor. Figure
or

lillustrates™aT I'ng head circuit such as the one described above, on

the recordi n%gﬂ?ﬂf&; UbSI¥ At By | F@urgaths ainel esondiaf therenadt 101
desi gnat es each of” the exotherm c resistant |layer areas aligned in a

strai ght Li ne%elfélrggﬁ{@mg@ds; PR 200¢he 22reasrewlbérd Ohatrmabs for each
of the power transistors, and a referential nuneral 103 stands for a latch

circuit. A refgsentiabtous®r ahk 104ndt anplsufal ity sof fther@sedsopf and a
referential nuneral 105 stands for a

exothermic resistant layer as means for generating
thermal energy.
As for the recording head circuit, various
10 circuits have been developed. Some of the recording
head circuits are formed on a single piece of
substrate, and integrally comprise: a plurality of
exothermic resistant layer areas aligned in a
predetermined manner; & plurality of drivers provided
15 one for one for the plurality of exothermic resistant
layer areas in order to drive them according to image
formation data; a shift register, the bit count of
which equals the number of the exothermic resistant
layer areas, and which parallelly outputs the serially
20 inputted image formation data to the plurality of
drivers: and a latching circuit for temporarily
storing the data cutputted from the shift resistor.
Figure 1 illustrates a recording head circuit
such as the one described above, on the recording head
25 substrate. In Figure 1, a referential numeral 101
designates each of the exothermic resistant layer

areas aligned in a straight line. A referential



clock for activating the shift resistor 104. Referential nunerals 106 and
107 designate an inage fornmation data input portion, and a heat pul se
width input portion for externally controlling the ON-time of the p®WPR 2004
transi stor, respectively. Referential nunerals 108 and 109 stand for a

| ogi c power source and a G\D, respectively. Referential nunmerals 110 and
111 designate an exotherm c resistant I%ﬁ%ﬂ driving power source (VH), and
a power transistor (Vice), respectively. In a printing apparatus having a
head containing a recording head circuit structured as described above,

the image formation data are serjall inputted to the shifit_register 104
fromthe i magenemlngtQZrf hpds i’?fb‘htgaf:ﬁﬂ tC?%nﬂl?)é?o"ﬁ% ?ﬂ%ﬂ%%ogéat a are

tenporarily stored in the |latch circujt 3..an L are

tenmporarily 6} el TR He r?%etﬁ#fedl&_?r%?ﬁ?%é ﬁ@étgpiu sée[hwi dth i nput
portion 107. As the pulses_are input e LStQrsnhipe are
turned on, tKeEbtter thcr‘?feesﬁes'%%ln{)ylrg%réair]ehgel ag‘é%n%drni?véé)n,ht he i nk

within the |iquid paths conpectedeod o Ihendidyen exotbeasys esiatant |ayer

areas 101 is T ej ec roug e ejection orifices; in - 5 APR

2004 -23 qther, wgrd {§q PEREUSREs + Thes 8BboYIBAL Of a circuit
structure aéﬁhﬁggcﬁq Za a%@%% ﬁ%kes It possible to substantially reduce

t he driVing|¥£f§?%&f%§1 Mhehal & 106 nan@kes?i BepogRbbbeahoimagsee the
driving vol tage ITe keeping
formation data input portion, and a heat pulse width
input portion for externally controlling the ON-time
of the power transistor, respectively. Referential

10 numerals 108 and 109 stand for a logic power source
and a GND, respectively. Referential numerals 110 and
111 designate an exothermic resistant layer driving
power source (VH}, and a power transistor (Vce),
respectively.

15 in a printing apparatus having a head
containing a recording head circuit structured as
described above, the image formation data are serially
inputted to the shift register 104 from the image
formation data input portion 106. The inputted data

20 are temporarily stored in the latch circuit 103, and
while they are temporarily stored, pulses are inputted
from the heat pulse width input portion 107. As the
pulses are inputted, the power transistors 102 are
turned on, the exothermic resistant layer areas 101

25 are driven, the ink within the liquid paths connected
to the driven exothermic resistant layer areas 101 is

heated and ejected through the ejection orifices; in



the tenperature T no higher than 560C, so that the thermal energy applied
toink is kept constant. As a result, ink can be consistently ejected.
Next, an exanple of an element in which the above described circuit- 5HABR 2004
been realized will be described with reference to Figures 2 and 3. Figure
2 is a sectional view of an exanple of _a elenment in which the circuit
illustrated in Figure 1 has been realized. A referential nuneral 201
designates a P-type silicon substrate; 202, an enbedded N-type coll ector;
203, an enbedded P-type elenent isolator region; 204, an N-type epitaxial

regi on; 205, PR-t hage red Ot 406, pesaeredded P- type el ement region;
207, an enbecrl)(fl:é1 Q"'Eype 'coélglgjelg{}(lﬁ %ggl on; 208, a high density P-type base
region, 209, a high dgisidip Ro¢wder ebEn@néireel atsonucegred; a210, an
N-type emtter region; 211, an N-type collector region; 212, a collector
el ectrode; 213 sa NHASE abestnates andpassihbe eno i abbstartidlP¥4 desi gnat es
an emtter electrode. Figure 3 is a plan view of an exanple of an el enent
in which the gidwcl tthé | @sivat@dpihséigidehl whicaPR200an.- pakfgsibeen
realized. A referential numeral 301 stands for a piece of electrically
i nsul ati ve suyhsésabbe Eherabset blee cdybvpogtYohtase YhehilBskergPEng01 s
provided wth a plurality of exotherm c resistant |ayer Srgga?8302, whi ch
I's

are paral | el |yhal ignperatong Theoeclygher EhRarexBPnEr nPE F F area 302
: j .
's placed In Ehermal energy applied to ink is kept constant. As a

raesult, ink can be consistently ejected. Next, an
example of an element in which the above described

10 circuit has been realized will be described with
reference to Figures 2 and 3.

Figure 2 is a sectional view of an example of

an element in which the circuit illustrated in Figure
1 has been realized. A referential numeral 201

15 designates a P-type silicon substrate; 202, an
embedded N-type collector; 203, an embedded P-type
element isolator region; 204, an N-type epitaxial
region; 205, P-type base region; 206, an embedded P-
type element region; 207, an embedded N-type collector

20 region; 208, a high density P-type base region, 209, a
high density P-type element isolation region; 210, an
N-type emitter region; 211, an N-type collector
region; 212, a collector electrode; 213, a base
electrode: and a referential numeral 214 designates an

25 emitter electrode.

Figure 3 is a plan view of an example of an

element in which the circuit illustrated in Figure 1




liquid path, adjacent to the end, or the outlet, of the |liquid path.
Placed in the approximate center portion of the substrate 301 are power

transistors 303, as the transistors for driving the exothermc resi~<iAPR 2004
| ayer areas 302 one for one, which are placed in such a manner that their

| onger edges become parallel to each oizger, and their shorter edges becone
aligned in the direction perpendi cul ar "0 the | onger edges of the
exotherm c resistant |ayer areas 302. In this enbodi nent, the power
transistors 303 are bipolar transistors, and are characterized in that

they are aligned in a single |ayer dn.a strai.ght; ldgie.ctddhgsuch a
manner that HRE Peleﬁ‘né@ralégﬁgs béccﬁ?eaf%ﬁgrnglllaél htug}eg%clh jot her. and t heir
shorter edges becone ali d,.d : IS G QR RSPend G ate 1 0 de | onger
edges of thd®x& Wé@rﬁec%&gsﬁlﬁcgnrtlr}%al%{r qgl%gas Y305 'norder to drive the
exot herm c r%gl

sistant ]ayer areas, Jihe RARbdWHRY 1) pWrdviadsd stors as
that of the ot rﬁdg‘%lg)solrglant | ayer areas 302 are necessary; each

exot hernic resi.stant || Ay8r; @ 65 NBASHONE PAWRYi s ddraN sl Btexr .ataw@anot her
edge portion wdftsr}ﬂagpslu sa?rlat?e - 5 APR 2004 -25 301, that is, the edge

portion og thg si Qﬁ.iQHP%SEé & d a1 WEre dlhigredtdieny cchesdgant | ayer areas
302 are arranged, an S/Rcircuit 309 conprising a shift register and a
|l at ch portiongds, Alasathrid ®ngesddtonm area 302 is placed in a
liquid path, adjacent to the end, or the outlet, of
the ligquid path. Placed in the approximate center
portion of the substrate 301 are power transistors
10 303, as the transistors for driving the exothermic
resistant layer areas 302 one for one, which are
placed in such a manner that their longer edges become
parallel to each other, and their shorter edges become
aligned in the direction perpendicular to the longer
15 edges of the exothermic resistant layer areas 302. 1In
this embodiment, the power transistors 303 are bipolar
transistors, and are characterized in that they are
aligned in a single layer and in a straight line, in
such a manner that their longer edges become parallel
20 to each other, and their shorter edges become aligned
in the direction perpendicular to the longer edges of
the exothermic resistant layer areas 302. In order to
drive the exothermic resistant layer areas, the same
number of power transistors as that of the exothermic
25 resistant layer areas 302 are necessary:; each
exothermic resistant layer area needs one power

transistor. In another edge portion of the substrate



plurality of input signal pads for the S/IRcircuits 309, in the

adj acencies of the cluster of the aforenentioned power transi stors_gogp
t he signal pads being on the edge side. A referential nunmeral 311 std 2004

for a +VIl common wiring for applying a predeterm ned voltage to the

exothermc resistant |ayer areas 302, %?52 a referential nunmeral 312 stands
for a GND. At both | ongitudinal ends of 4the cluster of the power

transistors 303 in terms of the direction in which the power transistors
303 are parallelly aligned, a heater 313 for tenperature adjustnent is

provided, and in the adjacencies of ong .of the heater ;bé;b & Suls heat er
314 is provi d8d. ERAthdsS, z}hﬁaie%gc?f pc{rgﬁﬁ:?énr é)tnurtre}leesesﬁisqseng i bdes 315 are

placed in the corner portions .the sub diyig to both

| ongi t udi nal Y8RI§ & ﬁ@oﬁﬁfg&gntﬁeosﬁes?gcﬁg g‘r 0 eag(sgt Eer mc resistant
laver areas 302089 ol W& cildil SEMOMENng hesmismmer ature

sensors rea Mperature of the substrate, and the data obtained by

the tenperatuyre . ST 1SRN (52 FRAM 1 { Ui ddats] ratedy i sposed wit hin
the ink jet Fe &fsg:{éﬁrga%gparatus. 15,gg‘ter bei ng sent to the RAM

(unillustgat A ; diki difit reecpisli neadppesAtttse S/B APRRD0d - 26 t he
data are Eefgg)élrfgg&% a ter%%arature table stored in the ROM and an
opti mum pul segdgiputn ldiead faceartdiced edlf filne shhsteedoatve is transmtted

as Heat data (signal) into the ink jet head. It should be

aforementioned power transistors 303, the signal pads
being on the edge side. A referential numeral 311
stands for a +VII common wiring for applying a

10 predetermined voltage to the exothermic resistant
layer areas 302, and a referential numeral 312 stands
for a GND. At both longitudinal ends of the cluster
of the power transistors 303 in terms of the direction
in which the power transistors 303 are parallelly

15 aligned, a heater 313 for temperature adjustment is
provided, and in the adjacencies of one of the heaters
313, a sub-heater 314 is provided. Further, a pair of
temperature sensing diodes 315 are placed in the
corner portions the substrate 301, corresponding to

590 both longitudinal ends of the aforementioned cluster
of exothermic resistant layer areas 302, one for one.

In this embodiment, these temperature sensors

read the temperature of the substrate, and the data
obtained by the temperature sensors are sent to a RAM

25 {unillustrated) disposed within the ink jet recording
apparatus. After being sent to the RAM

(unillustrated) in the ink jet recording apparatus,



noted here that even if the pulse width is kept the sane, it is inpossible
to keep the highest tenperature of the heater surface at no higher than
560C if the tenperature of the substrate varies. Normally, the sub§tAPRtI604
tenperature varies within a range of 15. oC 80 0C, and therefore, the
tenperature difference a Tis 65 oC at nost. As described above, a table

for calculating the highest terrperatur"ezG('Terfp), whi ch the heater surface
reaches, in relation to the pulse input to the heater (assum ng that
voltage is constant), and based on the value (Base) read by the sensors,

Is stored within the RAM The hi ghest reached t eratur.e. (

referred to Bpe fatdr eFenttaiRASNGSSh 1% aog‘teaﬁg’i?érd'?‘etor%et a'{ab eolﬁ-q{)o\?mla%%
equation: Treal = Base + Tepp. ....(5) wherein . [ ined as T in
Equation (4) ig ‘¢ %é“ﬁarﬁ'roéjaﬁl %(nlcé)euc}séqgéé%, a‘éatlg%og g%nal (Emerg) is
i ssued fromthe RAM_and .as a /€& , y AdNStaSsdLuddom t he
recordi ng ap&&’r]?ﬂq}sedt‘o the isnileﬁ%‘gt& hveéalg% ?S?ﬁearrupt ed (Heat, Bl ock,

| data, etc.

, -. 5 AP . - tJ t e 1 )
data (Base) Jiata XARLPEadd A U HEDGeR. { N tRSiT@lge t emperat ure

€ tenperature sensor diodes once for every

pr edet er m.ned I‘ie,éwt HAE dRces t1e pul Svekid@th whé chedt eathei s no
hi gher thé&n 560 ot elc%a%a transm ssion is restarted. Incidentally, in the

same, it is impossible to keep the highest temperature
of the heater surface at no higher than 560°C if the
temperaturé of the substrate varies. Normally, the
substrate temperature varies within a range of 15 O¢ -

10 80 °C, and therefore, the temperature differencedT is
65 °C at most.

As described above, a table for calculating
the highest temperature (Temp), which the heater
surface reaches, in relation to the pulse input to the

15 heater (assuming that voltage is constant). and based
on the value (Base) read by the sensors, is stored
within the RAM.

The highest reached temperature {(Treal)
referred to by the present invention is obtained by

20 the following equation:
Treal = Base + Temp. ... (D)
wherein Temp is obtained as T in Equation (4) given
above.

1f Treal exceeds 560°C, a stop signal (Emerg)

75 is issued from the RAM, and as a result, the signal
transmission from the recording apparatus to the ink

jet head is interrupted (Heat, Block, Idata, etc.,).




case of a printer, such as a serial printer, which forns an inmage |ine by
line, even if Energ is issued, the data transm ssion is not stopped until
the line being printed is conpleted. |In such a case, the surface -5 APR 7004
tenperature of the heater sonetinmes exceeds 560C, but such incidents have
been known to have no significant effect upon the overall service life.
The substrate 301 is provided with four-2hrough holes 316 and two through
hol es 317. The four through holes 316 are | ocated one for one at the four
corners of the cluster of the second power transistors 303, and the two

t hrough hol es 317 are | ocated adjacent to the aforenentioned, diodes 315,
one for one. These thrisighh®oretbas 05 g 15URFErBFEyFEEREFBF ' Faki ng
contact with two wiring |layers_di sposed bel ow, Eiagosed OQ?ofSE one at the
| ongi t udi nal &R Fashe SeRhsTEP™ of ¢ hECBREHAEABWRPPEP AnST 8P5Fs 303 in
terms of the alignnent direction of the.p rapsi st Qr are a pair
of marks 318 RRER ¥F f%%f¥i%ﬁegﬁg?5% ?%% g%ﬁéﬁé ggsé%@?y?eﬁﬁgéfeE

of fers

a schematic Seai%ﬁgﬂL%Vi$M&8£ TféaﬁPE%§§§4higﬁegntﬁéﬂn§ggg@t ankecordi ng

head equi pped® gener ating I n"accordance with the present
| nvention, at t{;‘]e Vﬁéﬁkéﬁﬂs?bﬁ“ sWhbehadiyhdes1aReqrhtal 9, Okhf ikees into
equal Ionéltd%? %It al'ves. It also

case of a printer, such as a serial printer, which

forms an image line by line, even if Emerg is issued,

the data transmission is not stopped until the line

being printed is completed.

10 In such a case, the surface temperature of
the heater sometimes exceeds 560°C, but such incidents
have been known to have no significant effect upon the
overall service life.

The substrate 301 is provided with four

15 through holes 316 and two through holes 317. The four
through holes 316 are located one for one at the four
corners of the cluster of the second power transistors
303, and the two through holes 317 are located
adjacent to the aforementioned diodes 315, one for

20 one. These through holes 316 and 317 are provided for
making contact with two wiring layers disposed below.
Disposed one for one at the longitudinal ends of the
cluster of the second power transistors 303 in terms
of the alignment direction of the power transistors

25 303 are a pair of marks 318 used for position
detection during assembly.

Figure 4 offers a schematic sectional view of



offers a sectional view thereof, at a plane A-B in the first schematic

ew. A recording head 13 is fornmed by bonding a glass, ceramc
pl ate having a plurality of grooves 14 for formng ink p?%bﬁ?%‘
to a heat generating head 15. The heat generating head 15 conprises a

| ayers of filns: an anti-gﬁgitation filmlayer 16-1 fornmed of

sectional vi
or plastic

plurality of

anor phous alloy containing Ta; a protecti¥We filmlayer

16-2 forned of

silicon oxide or silicon nitride; an alum num el ectrode |ayer containing
el ectrodes 17-1 and 17-2, a heat generating filmlayer 18 fornmed of

the like, a
alum na or t

protective

t hermal ener
t he surface
560C,

Further, i

TaN or

heat storage filmlayer. 19,. an [ 20 formed of
@Iﬁwp%p%ﬁi%rr?#ﬁéla?g X mt?%%%‘? cvﬂg%ﬂrlgﬂﬁgted in order
fromthe side which nmakes contact_\w i T tive filmlayer
conpri ses tvwﬁ%ﬁﬁﬁ??&@ﬁspe?ﬁ% l%wﬁ¥%%€%%§§ﬁi%#&qi¢$ﬁléﬁé§§€6-1 and the

l ayer 16-2. | e, - athfolpUdiv Laest on@npint  of
R S G e C A S v

e I nk

e keeping the tenperature of

fac aﬁé%éPﬁrﬁpiéegayﬁ{@té&@aii1@ﬁ§§t&dﬁﬂguthslﬁék.nOIhighso t han

order to assure the durability, the overall thickness
of the prat ec(t?ggr%iéng%@éiaﬁgf $Pew BhéPEo2D04t - 29 bend. E-Bminf bheexanpl e.
n o o nake

der

the anti-cavitation filmsufficiently resistant

to COffOSionfi%Q€ aabibmsaykt sbkenohhl mryes . f ohneecotdingohphdud 3al | oy

cont ai ni ng Ta,

10

15

20

25

or exanple, Tal8Fe57N 8Crl 7. _
is formed by bonding a glass, ceramic, or plastic

plate having a plurality of grooves 14 for forming ink
paths, to a heat generating head 15. The heat
generating head 15 comprises a plurality of layers of
films: an anti-cavitation film layer 16-1 formed of
amorphous alloy containing Ta; a protective film layer
16-2 formed of silicon oxide or gilicon nitride; an
aluminum electrode layer containing electrodes 17-1
and 17-2, a heat generating film layer 18 formed of
TaN or the like, a heat storage film layer 19, and
supporting layer 20 formed of alumina or the like
superior in heat radiation, which are listed in order
from the side which makes contact with the ink. The
protective film layer comprises two sub-layers: the
anti-cavitation film layer 16-1 and the protective
layer 16-2. In order to assure that a sufficient
amount of thermal energy was supplied to the ink while
keeping the temperature of the surface of the anti-
cavitation film 16-1 and the ink no higher than 560°C,
and also in order to assure the durability, the

overall thickness of the protective film was made to



Ink 21 reaches as far as the ejection orifices 22, formng a neniscus 23
wth a predeterm ned anount of pressure. As an electrical signal is
applied to the alum num el ectrode 17, a region n of the heat generatin

head 15 suddenly generates heat, and the portion of the ink 21 in é t&ﬁ@‘
with the region n boils, that is, generates a bubble. As a result, the
meni scus 23 is caused to protrude outwad® by the pressure fromthe bubble.
Eventually, a certain anmount of ink 21 is ejected in the formof an ink
droplet 24 by the pressure fromthe bubble, fromthe orifice toward a

pi ece of recording nedium 25, for exanple, a sheet of paper. The ejected

i nk dropl et & f.i7fequt,0 fidre exaumrld ng FEihes 25 mRFRMeFR ML t HRei mage
formation area of the recording medium 25, to forma microscopic section
of an i nage. anfiiguee iatsi ain febdiersiad £ efaplely i RS 158 b tAn exanpl e of a
mul ti-heating unit head, or a heating head jn which |tiple. heating units
are paraIIeIbprnﬂaiﬂﬂyufhﬁrﬁQﬁkﬁﬁQﬁﬂﬁﬁF%@?fﬁ%#ﬂefﬁ%sgﬁYm?ﬁv%ﬁtion. Thi's

mul ti-heating unit head is fornmed by air igg%lg bondLng a glass plate 27
havi ng nul ti pme vy can 941230 %D $HE"e%ti ng head substrate.

In the present invention, there is no restriction concerning orifice size
and the | Pke TafFea 84T e: they may be optimal |y determined for desired

mage qual ity. However wiiD'yhe ) oc £ased; SETBAGSeSgecbbaher | mage

quality in recent year

orifices 22, forming a meniscus 23 with a
predetermined amount of pressure. As an electrical
signal is applied to the aluminum electrode 17, a

10 region n of the heat generating head 15 suddenly
generates heat, and the portion of the ink 21 in
contact with the region n boils, that is, generates a
bubble. As a result, the meniscus 23 is caused to
protrude outward by the pressure from the bubble.

15 Eventually, a cerxtain amount of ink 21 is ejected in
the form of an ink droplet 24 by the pressure from the
bubble, from the orifice toward a piece of recording
medium 25, for example, a sheet of paper. The ejected
ink droplet 24 flies to the recording medium 25 and

20 adheres to the image formation area of the recording
medium 25, to form a microscopic section of an image.

Figure 5 is an external perspective view of
an example of a multi-heating unit head, or a heating
head in which multiple heating units are parallelly

25 arranged, in accordance with the present invention.
This multi-heating unit head is formed by airtightly

bonding a glass plate 27 having multiple grooves 26,



I dea of further reducing orifice size has been studied. Mre specifically,
studi es have been conducted to reduce orifice size so that the anount of
ink ejected froma single orifice per ejection becones 0.1 - 40 ~ 3 APR 2004
pico-liter, preferably, 0.1 - 30 pico-liter, nore preferably, 0.1 - 25.0
pico-liter. Wth such a trend, controLJtﬂg t he generation of burnt deposit
by keeping the tenperature at the interface between the surface of the
anti-cavitation filmand ink no higher than 560C is extrenely inportant

for ink to be consistently ejected. (Driving of Recording Head) Figure 15

Is a graph which depicts. a spli r driving a recording head. In
this draw ng,tO vVas &eﬁ:ﬁfﬁlq‘ g{r)eafies‘%gl%r%eo'vol tage level; P1, the pulse
wi dth of the first porgti %E% t&lventddr, NafrPUISH of the heat
pul se split in two pof%}g%§§ ,éﬁglﬁrﬁiﬂval time; and P3 stands for the

pul se width of t HoThPfod e dull S d hateited tletke, "amd n heat
L SRR g o

pul se"). T1, ,an represent points of time which correspond to the
w dt hs P1, Pzthh $5, ~BHey heagrbeyi digt Mmd ¥ g edd evehindP fer one of the
factors whic etermne the amount of the electrical energy necessary for

an el ectrafh ualDtinhi cowercdt agei tls |irgcreasedenerate the
Gl NE{dBY red & gei
thermal energy applied to the ink within each of the ink paths formed by
the heater bopsghmdsl fop Iblgher ofmade wezbity nie ¥REENL|YR2LEI UEDES
determ ned by the area size, resistance value, and filmstructure, of the
idea of further reducing orifice size has been
studied. More specifically, studies have been
conducted to reduce orifice size so that the amount of
10 ink ejected from a single orifice per ejection becomes
0.1 - 40 pico-liter, preferably, 0.1 - 30 pico-liter,
more preferably, 0.1 - 25.0 pico-liter. With such a
trend, controlling the generation of burnt deposit by
keeping the temperature at the interface between the
15 surface of the anti-cavitation film and ink no higher
than 560°C is extremely important for ink to be
consistently ejected.
(Driving of Recording Head)
Figure 15 is a graph which depicts a split
20 pulse for driving a recording head. In this drawing,
VOP stands for the driving voltage level; Pl, the
pulse width of the first portion (hereinafter, "pre-
heat pulse”) of the heat pulse split in two portions;
P2, an interval time; and P3 stands for the pulse

25 width of the second portion of the pulse {hereinafter,

"main heat pulse”). Tl1, T2, and T3 represent points of

time which correspond to the widths P1, P2, and P3.




el ectrothermal transducer, and the liquid path structure of the recording
head. A split pulse wdth nodulation driving nethod sequentially apgls'tﬁﬁ2
the pre-heat pulse portion with the width of PI, interval portion w 1004
the width of P2, and nmain pulse portion wth the width of P3, in this

order. The pre-heat pulse portionis a pg{iion for minly controlling the

i nk tenperature within the ink path, and " controls the anmount of the ink to
be ejected- The value of the w dth of this pre-heat pulse portion is set

so that the thermal energy generated by the application of the pre-heat

pul se portion.to {he elec r duge o] genepake bubbl es
!ﬁhfiéﬁkﬁkﬂﬂ #é#&gﬁgnfévei fopdycepndoss oAk

I n the ink. S provided as an interval for preventing

the pre-heat pul se and, i PrbsRt bEophinbesberiBglWehbragch ot her,
and al so for“ﬁﬁ%ﬁ%g Lwﬁ%%#é%t e tenperature distribution throughout the

i nk within ”}Feé{é%dé’xfa& hg o7 Ngn NBi Bcheatnpuhs® tsaheducgenetat whgcbubbl es no
that ink is e ecte romthe - 5 APR 2004 -32 ejection orifice, and its

width P3 is sgl;@acgerdingpboietihetar ganerate toei shameelvaheegyand film
structure, of the electrothermal transducer, and the ink path structure
of the recor digish he@dto | théhenkesbtlingebehdofnthii dnknipedibgeder™ef t he
pre-heat pulse width P1 is varied within a given range under a condition
i n which the siyivhagheateagboavdPand Xopvpleyvepof xpe IBEOEREMFai n heat
pul se wi dth . .
head. 1Its value is determined by the area size,
resistance value, and film structure, of the
electrothermal transducer, and the ligquid path
10 structure of the recording head. A split pulse width
modulation driving method sequentially applies the
pre-heat pulse portion with the width of Pl, interval
portion with the width of P2, and main pulse portion
with the width of P3, in this order. The pre-heat
15 pulse portion is a portion for mainly controlling the
ink temperature within the ink path, and controls the
amount of the ink to be ejected. The value of the
width of this pre-heat pulse portion is set so that
the thermal energy generated by the application of the
20 pre-heat pulse portion to the electrothermal
transducer does not generate bubbles in the ink.
The interval time is provided as an interval
for preventing the pre-heat pulse and main heat pulse
from interfering with each other, and also for making

25 uniform the temperature distribution throughout the

ink within the ink path. The main heat pulse is for

generating bubbles so that ink is ejected from the




P3 is Y (psec) (P3 =Y), thereis a relationship as shown in Figure 16

bet ween the anount Vd by which ink is ejected, and the pre-heat puI_Sﬁ PR 7004
width P. Figure 16 is a graph which shows that the anount by which i ﬁﬁ@
ej ected i s dependent upon the pre-heat pulse. In the graph, VO stands for

t he amount of ink ejected when P1 = 0 (WC). As is indicated by a curved

line a in Figure 16, the anmount Vd by ch ink is ejected linearly

increases within a pulse width P1 range of zero to P1LMI. However, as the
pul se wdth Pl is increased beyond P1LMI, the anount Vd by which ink is

ej ected reaches its maxi pum when. the_pul L dth Pl Qs MaxG &S

evi dent fromqwtdﬂ?)‘Q/eo’a’g%c‘f?pt?rb%,lfﬁemgﬁ?&gwbsdt%et’ Erlgt%lge i%f\sv&]i ch the
variation in the anmount Vd b ' | | Se €] ed;1reLathveute, the

vari ation in e PEISHWF Ut hr%"iy%#ég?%%aﬁ%'eaﬁéygl}é geflflect ive as a

range in which. the a heD LPknshSceiechsd €A bekepsthy control | ed
by varying tk%f-tr}?A%.%‘ggﬁgy}}%g&%EI se I\}\A'Sdt(r:] P1. In the pulse wdth Pl range

in which P1 i I ok hane P rat he parant Vd by which ink is ejected
is smaller th %r'%f\ﬁ%gﬁl%s i% for the ?ollowi ng reason. That is, as a

pre-heat pulse with a jgulge wedbhavhghhaatihenabnye debodimedtianfe is
applied, @& mcroscopic bubble is generated on the el ectrothermal
transducer (cppditi@DnbEveghatel ¥idth P1 is varied within a given

range under a condition in which the driving voltage

VOP is X (V) (VOP = X), and the main heat pulse width

P3 is Y (usec) (P3 = Y), there is a relationship as

10 shown in Figure 16 between the amount Vd by which ink

is ejected, and the pre-heat pulse width P.

Figure 16 is a graph which shows that the
amount by which ink is ejected is dependent upon the
pre-heat pulse. In the graph, VO stands for the

15 amount of ink ejected when Pl = 0 (psec). As is
indicated by a curved line a in Figure 16, the amount
vd by which ink is ejected linearly increases within a
pulse width Pl range of zero to P1LMT. However, as
the pulse width Pl is increased beyond P1LMT, the

20 amount Vd by which ink is ejected reaches its maximum
when the pulse width Pl is PIMAX.

As is evident from the above description, the
pulse width P range in which the variation in the
amount Vd by which ink is ejected, relative to the

25 variation in the pulse width Pl displays linearity, 1s

effective as a range in which the amount by which ink

is ejected can be easily controlled by varying the



before filmboiling begins), and does not disappear before the main heat
pulse is applied. As a result, the process in which a bubble is generated
by a main heat pulse is disturbed by this mcroscopic bubble, beinyd APR 2004
reduced in the anount by which ink is ejected. This pulse width Pl range

Is called a pre-bubble generation range,_in which it is difficult to

control the anount by which ink is ejec%%d by way of pre-heat pul se.
Defining the inclination of the straight line representing the

rel ati onship between the ejection amount and pul se width within the pul se
width range in _which Pl = 0 /-- PLLMI (psec) as the coefficient of

pr e- heat pul§@lﬁﬁbéﬁH§ﬁQyP there is the following relationship:

coefficient of pre-heat pul se d nde KP)_= ( V / ) i
[ng/psecdot] Th|s coe*?lgp%n?u %% ﬁ%tpéep%% & ugg% ﬁgﬁ%erature and

instead is endentFﬁgon%ﬂggg Séﬁgc%HéﬁntdﬁaVb99wﬁ9Eﬂ'ghﬂnas'”k

properties, THE | clrve Ines b and’ c Figure 16

represent other rdin t hat  a¢h Ege0kdbng head is
di fferent fro%??%ggg ﬁ%rgmgﬁﬁggjE@??ggﬁgfopertfés an thi's enbodi ment, the

condi tionJn %Qif&”fn recQLghng PRad 19, aggondangenvhthphilgepiasenta
I nvention |s FTven 1 e nor mal prlntlng node is that pre-heat pulse P

= Pa (psec), whid “@i&bht@?th?heﬁhéoabéﬂéuﬂés&élb@dOHEﬁgEa1when driving
vol tage VOP = ? , and main heat pulse width P3 =Y (psec).
applied, a microscopic bubble is generated on the
electrothermal transducer (condition immediately
before film boiling begins), and does not disappear
10 before the main heét pulse is applied. As a result,
the process in which a bubble is generated by a main
heat pulsé is disturbed by this microscopic bubble,
being reduced in the amount by which ink is ejected.
Thié pulse width Pl range is called a pre-bubble
15 generation range, in which it is difficult to control
the amount by which ink is ejected, by way of pre-heat
pulse.
Defining the inclination of the straight line
representing the relationship between the ejection
20 amount and pulse width within the pulse width range in
which Pl = 0 ~~ P1LMT (psec) as the coefficient of
pre-heat pulse dependency, there is the following
relationship: coefficient of pre-heat pulse dependency
(KP} = (4VdaP)/(4Pl) {ng/psec-dot]. This coefficient
25 KP is not dependent upon temperature, and instead is
dependent upon head structure, driving condition, ink

properties, and the like. The curved lines b and c in



Under this driving condition, the highest tenperature of the recording
head does not reach 560C while ink is ejected. In the above descri bed
case, the pulse width nodulation driving control using double splitﬂ&AHhmm
was enpl oyed. However, a nulti-split pulse such as a triple split pulse or
a pulse with a larger nunber of splits may be enployed. Further, a pul se
wi dth nodul ation driving nmethod in whitda non-split pulse is enployed
and the main pulse width is nodul ated nmay be enployed. In other words, any
pul se width nodulation driving nmethod may be enployed as |long as the

hi ghest tenperature which the recording head  reaches can be_ kept no higher
than 560C. | Figveecdde P resseiathey i FREMF HRAEINCITT. THAMHPE, when | arge
recordi ng dots are necessary, dot size cap_be increased q¥ igcreasing t he
pre-heat pul ddatnieah FedRRGmE PEIdety b TRErnt Hbr A eb?2F R R%BENt -35 in
Figure 16 is nmade greater than Va. During this kind of special node, the
hi ghest t enpdraedac At PTIBRF Y edr di ng head reaches someti mes exceeds

560*C. However, what is essential . here.is e hi ghest rdi ng head
t enperat ure shoul d rew&ﬂrFTﬁﬁcﬁV%ﬁﬁﬁT?g% tﬁga% Adee Phgne Wngﬁ g

dur i e nornal " recordi ng node.

[ncl dentally 4B o000 Bl o6p" dLAg. RRMe. et anmdeeobppr (han varlous

m used, are used only when selected for
speci fic purposes,. for exapple,,a; fode.i Oyﬂgghp%bgt{ggOﬁgg@gigead S
driven in a YPeciatOhehfe? because o§ tﬁe ifference in recording
that pre-heat pulse Pl = Pa (psec), with which the
ejection amount Vd becomes Va when driving voltage VOP
= X (Vv), and main heat pulse width P3 = Y (usec).

10 Under this driving condition, the highest temperature
of the recording head does not reach 560°C while ink
is ejected.

In the above described case, the pulse width
modulation driving control using double split pulse

15 was employed. However, a multi-split pulse such as a
triple split pulse or & pulse with a larger number of
splits may be employed. Further, a pulse width
modulation driving method in which a non-split pulse
is employed and the main pulse width is modulated may

20 be employed. In other words, any pulse width
modulation driving method may be employed as long as
the highest temperature which the recording head
reaches can be kept no higher than 560°C.

In the case of a special printing mode, for

25 example, when large recording dots are necessary, dot
size can be increased by increasing the pre-heat pulse

width Pl beyond Pa (psec) so that the ejection amount



medi um or a super high resolution node. In sone ink jet heads, tone is
controlled by varying the volunme by which ink is ejected from each

orifice. In these ink jet heads, two or nore heaters are placed instbéPR 2004
each nozzl e, and each heater is connected to its own electrode (wiring) so
that a specific pulse with specific driving voltage can be applied to

each heater. Wen such control is carrietPout, the hi ghest tenperature on
the surface of each heater becomes different fromthat of the other

heater. Further, there are occasions when the value of the pul se inputted

for printing in large dots is jncreased tq nore precisel ontrol tone to
achi eve a spddl Fimfrectd i BRI TRE oﬁ&n t‘ﬁae’ hi dhrelsqa/ 1;tchelgperat ure

ot nes eucesds SS0-C.fiveely i 965l (B ARdWS the
gﬁ[: ?gabrsa??%}r;a}qqngﬁjfm%sﬁg\%% ;%]?e%?%%%@é%g&beﬁ%@ 0 Ea%@r:%{aa; 2? i s not
corroded tr ol 1he L1 ocher col. [ pncidrp Lelueen e prigesey: Lat) on
Cavi ot ] o VST Bl SR T o Geny A 4 L e apses and

di sappears, 4 e P2S8Grmb DKré&brd fidde JeNEk & @edt HUDP| et hx108 -
3x109 tines %ugfl(a)éé chtg;1 Igelf"'{l/}flcerl ife %ﬁ%i res. The present

normal recording mode means a mode other than various
special modes which are seldom used, and are used only
when selected for specific purposes, for example, a
10 mode in which the recording head is driven in a
special manner because of the difference in recording
medium, or a super high resolution mode.
In some ink jet heads, tone is controlled by
varying the volume Dby which ink is ejected from each
15 orifice. In these ink jet heads, two or more heaters
are placed inside each nozzle, and each heater is
connected to its own electrode (wiring) so that a
specific pulse with specific driving voltaée can be
applied to each heater. When such control is carried
20 out, the highest temperature on the surface of each
heater becomes different from that of the other
heater. Further, there are occasions when the wvalue
of the pulse inputted for printing in large dots is
increased to more precisely control tone to achieve a
25 special effect. On these occasions, the highest
temperature sometimes exceeds 560°C. However, it does

not matter as long as the highest temperature the



I nvention makes it possible for an exothermc resistant |ayer to generate
a bubble as many tines as the nunber of tinmes given above, even if
chelating agent or the like is contained in ink, assuring that a hQ?hFQEm‘
based ink jet head remains reliable for a long period. The ink used 1n e
present invention may contain coloring material, water-soluble organic
solvent, water and/or the like, as desi+g88- T coloring material my be

wat er -sol ubl e or not. The water-soluble coloring naterial nay be

wat er -sol ubl e anionic dye, direct dye, acid dye, reactive dye or another
wat er - sol ubl e dye. Particularly, auriferous dye conprising TaN or cobalt
has been |i nmdwedfaceisefl eaohtheatecordanheheddrisgnghehaornal nmpodener gy
because -37 of the problem of the burnt deposit, but according to the
present interis om bigyenrthasabb@’Gith stability. The non-water-sol uble
coloring material may be pignent, dispersed dye or the like. In the case of
t he non-wat er - sol ubl e &A8$@ring h%%ér%&lFh?taﬁéy“céﬁhFQFhoa ditdPer si on
material inmage it is dispersed. The ink_used with the present invention may

cont ai n wat ervisifyprest yhntes sbPGehPPat2desi PEde2Eh hgéFﬁﬁ £Re P51 | owi ng
mater;sol%ble organi ¢ soLvent, ﬁhe gggsolﬁbitét¥ of theocogg%ngnts_
consti t ut isng FPRL 9RA T BRIN HPG LB TRRGNERACOT! s EBBLLY CRa Y HECERsi | y
A o o hoiny gt SR8 26028, SnoghyeRhe LRGLYYEngTRGRAR! BY @l cohols
the like contained in ink, the length of the service
life of a heater based ink jet head is determined only
by the cavitation which occurs when a bubble generated
10 by a heater collapses and disappears, a heater based
ink jet head can generate a bubble leo8 - 3x109 times
before its service life expires. The present
invention makes it possible for an exothermic
resistant layer to generate a bubble as many times as
15 the number of times given above, even if chelating
agent or the like is contained in ink, assuring that a
heater based ink jet head remains reliable for a long
period.
The ink used in the present invention may
70 contain coloring material, water-soluble organic
solvent, water and/or the like, as desired. T
coloring material may be water-soluble or not. The
water-soluble coloring material may be water-soluble
anionic dye, direct dye, acid dye, reactive dye or
25 another water-soluble dye. Particularly, auriferous

dye comprising TaN or cobalt has been limitedly used

in the recording head using the thermal energy because



| sopropyl al cohol; ketone orketone al coholics such as acetone or

di acet oneal coholic; ethers such as tetrahydrofuran, diosane; oxyethyl ene

or oxypropyl ene addition polyners such as diethylene glycol, - 3 APR 2004
triethyl eneglycol, tetraethyl eneglycol, dipropyl eneglycol,
tripropyl enegl ycol, polyethylene glycol_or polypropyl ene glycol;

al kyl enegl ycol s having ~al kyl ene group tdhtai ning 2-6 carbon atons such as
et hyl ene glycol, propylene glycol, trinethylene glycol, butylene glycol or
hexyl ene glycol; triols such as 1,2,6-hexane triol; thiodiglycol;

gl yceline; lower alkyl ethers_of polyatom c al cohal such as..

et hyl enegl ycothorsmeR ¥oplenrobt )b’gf%tép%lel’%ﬁ h&?‘éﬁe@?ﬁ%ﬁﬁl%%o%%t hyl (or

t hyl th -38 triethyl I t hyl thyl o |
i a k1 et her SheroRRASAT onttoat eao “atengs 17Ot Tt B oot retmyl (or
t hyl ther,  tet t hyl | dj m ; | f ol :
e TG S
content of the wate -sglﬁgég g&gé?éco§okﬂgniiké_prgﬁefgglgaggtokess t han
“than 30 we ght

wei ght % and Fo?™ Yot % on the basis of the total weight

of the in S I aQh ¥p180tot 888nghaatdr el ghi+ Y%mand not nore than
25 meightK§6a€€?hX§ﬂi£§€£?he vari ous prope%ties of the ink is better. In

order to provigdgrsennrkabkgeebiogt nabbrii® ipagsent isvenspensetihe water
added to the ink 1s
The ink used with the present invention may

contain water-soluble organic solvent as desired. By
using the following water-soluble organic solvent, the

10 dissolubility of the components constituting the ink
may be improved, and the viscosity may be easily
adjusted. Such water-soluble organic solvents include
monovalent alcohols such as methanol, ethanol or
isopropyl alcohol; ketone orketone alcoholics such as

15 acetone or diacetonealcoholic: ethers such as
tetrahydrofuran, diosane; oxyethylene or oxypropylene
addition polymers such as diethylene glycol,
triethyleneglycol, tetraethyleneglycol,
dipropyleneglycol, tripropyleneglycol, polyethylene

20 glycol or polypropylene glycol; alkyleneglycols having
alkylene group containing 2-6 carbon atoms such as
ethylene glycol, propylene glycol, trimethylene
glycol, butylene glycol or hexylene glycol; triols
such as 1,2,6-hexane triol; thiodiglycol; glyceline;

25 lower alkyl ethers of polyatomic alcohol such as
ethyleneglycolmonomethyl (or ethyl)} ether,

diethyleneglycolmonomethyl (or ethyl) ether or




preferably ion exchange water. Wen they use is made wth the ion exchange
water, the coloring of the coloring material is not be influenced by the
ions, so that color tone of the ink is stabilized. The percentage ofd ARRe2004
water in the total weight of the ink is preferably not | ess than 20 wei ght

% and not nore than 95 weight % even _p:rhgj erably not less than 40 weight

% and not nore than 95 weight % and eve farther preferably not |ess than
60 wei ght % and not nore than 95 weight % The ink used in this invention
may be added w th chel ate agent as desired. The chel ate agent nmay be any

if it has coordinating ahilit an erapl Y ¢ 2P04y sa@rphosphat e
type, car boxﬁ‘ilc?qt}f]oeq"t %qflmoanrﬁ%%@{af{)o{(@fi%t%%lis()jpgﬁg)e. "The pﬁosphate
type chelate _agent. i S,4rd ,p(?.pﬁgh {65hE€1 Buch-as

hydr oxyet hyl iddeaﬁlg(-}fl, eTt?Aae%o%%t#o%% HEDP) , am notlrni:rre?hyl enephosphoni ¢

(ATMP), or th‘fri:#ﬁ{ﬁ%ge%lfﬂf?ﬁﬁ‘ﬁeﬁwi ephr dbgycrarbexytic acid type of

chel ate agen c acid or the like and salt thereof. The

am nocar boxyld g "?#,,ty@&egﬂ%@i@m@ﬂmﬂ i o¢| g6Rg1 ¢t Byheredi ami ne 4 acetate
(EDTA), hydroxyethyl enedi amne 3 acetate (HEDTA), glycol etherdi am ne 4

acetate (GEDTA);fdldne, -afetiey B-2{Dif#)11idyde pxgnirnol 2davet atle 3(-Hl DA) ,
hydr oxyet hyl gl ycin (DHEG, diethylenetriamne 5 acetate (DTPA),
triethyl enetrdareigl 62acei @hec(didner the |ike and salt thereof. Fromthe

st andpoi nt of _

The content of the water-soluble organic
solvent is preferably not less than 1 weight % and not
more than 30 weight % on the basis of the total weight

10 of the ink, and even preferably, not less than 1
weight % and not more than 25 weight %. With this,
the various properties of the ink is better.

in order to provide remarkable effects of the
present invention, the water added to the ink is

15 preferably ion exchange water. When they use is made
with the ion exchange water, the coloring of the
coloring material is not be influenced by the ions, sO
that color tone of the ink is stabilized. The
percentage of the water in the total weight of the ink

20 is preferably not less than 20 weight % and not more
than 95 weight %, even preferably not less than 40
weight % and not more than 95 weight %, and even
farther preferably not less than 60 weight % and not
more than 95 weight %.

25 The ink used in this invention may be added

with chelate agent as desired. The chelate agent may

be any if it has coordinating ability, and preferably




coordinating ability, the phosphate type and the am nocarboxylic acid type
are preferable to the carboxylic acid type. (Ink Jet Recordi ng Apparat us)

Figure 6 shows an exanple of an ink jet recording apparatus equippermpRmm4
a recording head in accordance with the' present invention. In the

drawing, a referential numeral 61 standsjfor a blade as a w ping nenber,
whi ch is supported by a bl ade supporting nenber in the formof a
cantilever; it is attached to the supporting nenber by one of its edges.
The bl ade 61 is placed at a position next to the - 5 APR 2004 -40 recording

range of the recordi ead. L S1 i 5n§9§ bt 1s supported in a
nmanner tc)[N(RWQﬁﬁPa€%t€Y$%é %%5$€%§%5§HQg? t he ?ecording head. A

referential nuner nds £ o8 ap, BRLNgheLpREde atypeebhelatehe hone
position whic m%%éé ?é%%%?ygoa%ﬁe @%%sition 0? the bl ade 61. The cap 62 is

structured so, . that;jtL) RyesSttpdlepHbspRboa geigenticular to the noving
directi on of $he recordi ng head to nake contact wth the ejection orifice

equi pped surf@§§rgiyéggyigggﬁaLmglheaﬁhoéphehaten(HaDPmuneraI 63 stands for
an absorbent nenber” pl aced next to the blade 61. Like the blade 61, it is

supported 5§ N gn{®EPLLimbenplehepdesphoboct 8THBYI ngrpabf dtkehanfecor di ng
head. The above described bl ade 61, cap 62, and absorbent nenber 36 nake
up an ej ecti oph&esaver yhpoebifon Bhe whrbhxyéisyvesidhsvrsi SfuFbelagst
agent includes citric acid or the like and salt
thereof. The aminocarboxylic acid type chelate agent
includes ethylenediamine 4 acetate (EDTA),

10 hydroxyethylenediamine 3 acetate {HEDTA),
glycoletherdianine 4 acetate (GEDTA), nitro 3 acetate
(NTA), hydroxyimino 2 acetate (HIDA),
hydroxyethylglycin (DHEG), diethylenetriamine 5
acetate (DTPA), triethylenetriamine 6 acetate {TTHA)

15 or the like and salt thereof. From the standpoint of
coordinating ability, the phosphate type and the
aminocarboxylic acid type are preferable to the
carboxylic acid type.

(Ink Jet Recording Apparatus)

20 Figure 6 shows an example of an ink jet
recording apparatus equipped with a recording head in
accordance with the present invention. In the
drawing, a referential numeral 61 stands for a blade
as a wiping member, which is supported by a blade

25 supporting member in the form of a cantilever; it is

attached to the supporting member by one of its edges.

The blade 61 is placed at a position next to the




and the like fromthe ejection orifice equipped surface by the blade 61 and
absorbent nenber 63. A referential nuneral 65 stands for a recording head

whi ch has a nmeans for generating thermal energy necessary for ink eLﬁfhﬁOF
while keeping the surface tenperature of the heat generating elene o004
hi gher than 560C, and records inages on ;p_sheet of recordi ng nmedi um faci ng
the recording head surface equipped with ejection orifices, by ejecting
ink onto the sheet of recording nmedium A referential nuneral 66 stands

for a carriage on which the recording head 65 is nounted to be noved. The

- 5 APR 2004 -41 carri age 66 i lid i th i de shaft 67,
and a portionf¥i°% %a‘%?ﬁ%%eoégﬁ?% %‘%&ngnlé(g{&gggﬁ%%% I I{ngt ?g%gd) with a belt
69 which is driven b t ' t hi, S, ah L AREeNElt prbbevaarri age 66
can be noved e&?%%%lq%%égu{%epéh%%p%%{;%n ot her words, it  can be moved

t hrough t he rfﬁ%gcgﬁg) 5¢@ﬁbogagﬁeofr@g@rgéagragﬂg hR&adandat he adj acenci es
thereof. A referential nuneral 51 stands for a sheet feeding portion for

inserting a spepl Qi+ sheetsnefal e6Dr gtagapaper, aaodpa befageplaaednuner al
52 stands for & sheet conveying roller which is driven by an unillustrated

motor. Wth thejpedvt stonteé hbee apoybtsonushichl isaadaagemento &heheet of
recordi ng paper i1s conveyed to a position at which the sheet of recording

paper faces tpgseieshi on ohefbtadeqbl ppelhsurhrcbofist RETHEEYIGINGO head.
Wth the progress of recording, the sheet of )
that it moves in the direction perpendicular to the

moving direction of the recording head to make contact
with the ejection orifice equipped surface of the

10 recording head. A referential numeral 63 stands for
an absorbent member placed next to the blade 61. Like
the blade 61, it is supported in a manner to protrude
into the moving path of the recording head. The above
described blade 61, cap 62, and absorbent member 36

15 make up an ejection recovery portion 64, which removes
the moisture, dust, and the like from the ejection
orifice equipped surface by the blade 61 and absorbent
member 63. A referential numeral 65 stands for a
recording head which has a means for generating

20 thermal energy necessary for ink ejection while
keeping the surface temperature of the heat generating
element no higher than 560°C, and records images on a
sheet of recording medium facing the recording head
surface equipped with ejection orifices, by ejecting

25 ink onto the sheet of recording medium. A referential
numeral 66 stands for a carriage on which the

recording head 65 is mounted to be moved. The




recordi ng paper is conveyed further, and eventually is discharged into a
delivery portion equi pped with a sheet di scharging roller 53. Wile the
recording head 65 returns to the hone position after the conplet|on'5ﬂp&2m4
given recording operation, the blade 61 is protruding into the noving
path of the recording head, although the,,cap 62 is kept out of the noving
path of the recording head 65. Therefore, “the ejection orifice equipped
surface of the recording head is wiped. In order to cap the recordi ng head
65, that is, in order to cone -42 into contact with the ejection orifice

equi pped surface pf the re a C 2 [ pner to
protrude into C3het %%%lﬁ% p%t%ﬂi€g?gg QngBQSgIQPt eggaﬁgﬁgng?ﬁgtpgcordlng

head 65 noves rdingnst abtcpeskt E@Nikr eshhbetbame position, the
cap 62 and bladg %hg%féfgﬁ ?tegggngépgsiﬁlons ;s they are during the

wi pi ng of the ﬁﬁf?{@éﬂﬂa@ééﬂ wipRr 8f peet bbewRjeat igndeiivknceyequi pped
surface of the recording head 65 is wped also during this novenent. The

above describgdehetgsni ngioh thes aeeandemgnbeadhbochirs ilagee sposian on
occurs not only imrediately after the conpletion of a given recording

oper ati on,s orpéonotBe &€1664i dher gadder gheftr &7i oap beber abgdsocddrs with
predeterm ned intervals during which the recording head noves to the next
recordi ng poi 8an be moved through the recording range of the

recording head 65, and the adjacencies thereof. A

referential numeral 51 stands for a sheet feeding

portion for inserting a sheet or sheets of recording

10 paper, and a referential numeral 52 stands for a sheet
conveying roller which is driven by an unillustrated
motor. With the prdvision of the above structural
arrangement, a sheet of recording paper is conveyed to
a position at which the sheet of recording paper faces

15 the ejection orifice equipped surface of the recording
head. With the progress of recording, the sheet of
recording paper is conveyed further, and eventually is
discharged into a delivery portion equipped with a
sheet discharging roller 53.

20 While the recording head 65 returns to the
home position after the completion of a given
recording operation, the blade 61 is protruding into
the moving path of the recording head, although the
cap 62 is kept out of the moving path of the recording

25 head 65. Therefore, the ejection orifice equipped

surface of the recording head is wiped. In order to

cap the recording head 65, that is, in order to come




across its recording range, and also during this novenent of the recording
head to the hone position adjacent to the recording range of the recording
head, the aforenentioned w ping of the recording head occurs. (lnk“ﬁAPRZMM
Cartridge) Figure 7 shows an ink cartridge which contains the ink to be
supplied to a recording head through an ink supplying nenber, for exanple,
a tube. in Figure 7, a referential nunmer4#-40 stands for an ink st or age
portion, for exanple, an ink pouch, which -43 holds the ink to be supplied
to a recording head. The end of the ink pouch 40 is provided with a rubber

lu 42. The ink within the in ouch 40 is supplied to a .recordi ng head
By ?nserting %P?Rxﬁﬁ%???ﬁﬂ?+t@t{%.e%%e?ﬁfgntﬂﬁlfgﬁepﬁﬁﬁﬁpaﬁdthrough ?his

I 402. A f tial 4 st f b . whi ch
Cai chos and dBool e (6 et Eoineaind FER8, | BheReB B2 BERLSTRIVE 1€

pouch, in which tQP ég{égﬁgr%%é;fgﬁgogﬁé &ﬁgggggggg togﬁ%ﬂeink is formed of

pol yol ef i ne, T?P?mutlc ethylene, Is rabl e or the present

i nventi on. Thgeégiggﬂ%oHegg.recording heads and ink cartridges to be used
with ink jet "Tecording apparatuses in accordance with the present

i nvention glo not need §ReRethéNté€6raonghneaadescnbbed aboyae which are
I ndependent from each other. In other words, recording heads integral with

an ink cartriggsraifgabsertspbtetnbhhftbm thk hemerposidiog, apparatuses
i n accordance with the present invention,

cap 62 and blade 61 are at the same positions as they
are during the wiping of the recording head.
Therefore, the ejection orifice equipped surface of

10 the recording head 65 is wiped also during this
movement. The above described returning of the
recording head to its home position occurs not only
immediately after the completion of a given recording
operation, or for the ejection recovery operation, but

15 also occurs with predetermined intervals during which
the recording head moves to the next recording point
across its recording range, and also during this
movement of the recording head to the home position
adjacent to the recording range of the recording head,

20 +the aforementioned wiping of the recording head
oCccurs.
(Ink Cartridge}

Figure 7 shows an ink cartridge which

contains the ink to be supplied to a recording head

25 through an ink supplying member, for example, a tube.
In Figure 7, a referential numeral 40 stands for an

ink storage portion, for example, an ink pouch, which



with desirable results. (Recording Unit) Referring to Figure 8, a

referential numeral 70 stands for a recording unit, which is structured so
that an ink storage portion, for exanple, an ink absorbent nenber, giAP 2004
stored therein, and the ink within the ink absorbent nenber is eJecte $
the form of an ink droplet fromthe head_portion 71 equipped wth a
plurality of orifices. As to the materiaf3for -44 the ink absorbent nenber,
pol yuret hane. is desirable for the present invention. Areferential

nuneral 72 stands for an air vent for allow ng the internal space of the

recording unit 70 to becone connected to . the atnDs her e. Thlé ggrdlng
unit 70 can beol@edthe iRk tﬁlﬁ%eSBPP%hﬁdrEEO?dFﬁﬁ R8489 PPAStr atB8 in

Figure 4, and is renovabl® nnun% gbe on_the. arrla ction)

K S
The present i%&%n@?oﬁh?sie nBaEFBI mi?hpfﬂﬁé egfwé 5 80F8%£2FOP anple

yel | ow, magenta, cyan, .r ree | ggk . LN nks may be
i ndi vi dual I'y tleed tBF 1 ggl P8n? HE pnaﬁgbga 38 §UP§E§a§o#blnatlon of

Lo or more | ksaohifyf hensnby gﬂggithﬁgr tﬁseh%mh@gmfst@ac&@dqr i mage.

Further, two BYCRbre™Pn are the sane 1 n color different in

col oring mgte ﬁ@$ PRY bAKUSBHchNa0CeARbLOAR @RikOphagMuan .i Mage superior in
gradati on. formng an imge using two or nore inks different in

col or or 'nkerféPéﬁ%QBl'ﬁuﬁ@k@ﬂl@g gebAEakora ahe@dEdirbgnappaimiats such as
the one illustrated in
which catches and absorbs the waste ink. As for the
ink storage portion, a pouch, in which the surface
which comes into contact with ink is formed of
10 polyolefine, in particular, polyethylene, is desirable
for the present invention. The selection of recording
heads and ink cartridges to be used with ink jet
recording apparatuses in accordance with the present
invention do not need to be limited to those described
15 above, which are independent from each other. In
other words, recording heads integral with an ink
cartridge are also usable with the ink jet recording
apparatuses in accordance with the present invention,

with desirable results.

(Recording Unit)

Referring to Figure 8, a referential numeral
70 stands for a recording unit, which is structured so
that an ink storage portion, for example, an ink
absorbent member, is stored therein, and the ink
within the ink absorbent member is ejected in the form
of an ink droplet from the head portion 71 equipped

with a plurality of orifices. As to the material for



Figure 9, in which four recording heads are aligned on the carriage,
be enpl oyed.

for recording heads for ejecting yellow, magenta, cyan, and bl ack inR§APR2mu
correspondi ngly. Each of these recording heads disposed within the
recording apparatus ejects ink in response to recording signals. 5 APR

2004 -45 Although Figure 9 shows a case-4%which four recording
used, the application of the present

In Figure 9, referential nunerals 86, 87, 88, and 89 stand

to this configuration. For exanple, the present invention is also

applicable to a recording head configuration illustrated in Figure 10,
whi ch the af dresmeimik oxtesbrivent Members t PP HyeEe HRaRe  LHt Ie S Tk
conbined with a single head in which ink Eathf are ggouped tg ;an1a col or
i mge. (Enbodigmerthd peeeembfieYenthe pre e

I n nore detai

ol or

ehet ¢ hoRAt

n"WiETe

may

are

met hod in adﬁﬁﬁgagcég%féﬁngﬁﬁFg?%geﬁsgP%€£%§$oﬂ?épén%%géf%§£e£§885ding

oted here

that th [ i ti ft t [ ' [ L [ d th
(hat e applicalion. ol Lhe,BrSaentyo | XCRLLORe SoRbobbd Leduha (he
LS Batet el shereo! Hheebosorplabcufl sl v Lalk beluseadsinctei

10

15

20

25

sur enen

ead Int enbodi nent was produced by
place of the recording head illustrated in Figure 4,

and is removably mountable on the carriage 66.
(Ink Selection)

The present invention is compatible with inks
of any color, for example, yellow, magenta, cyan, red,
green, blue, Or black ink. These inks may be
individually used for image formation, or may be used
in a combination of two or more inks of different
color, for the formation of a color image. Further,
two or more inks which are the same in color but
different in coloring material may be used in
combination to form an image superior in gradation.
Wwhen forming an image using two or more inks different
in color or inks different in coloring material, a
recording apparatus such as the one illustrated in
Figure 9, in which four recording heads are aligned on
the carriage, may be employed. In Figure 9,
referential numerals 86, 87, 88, and 89 stand for
recording heads for ejecting vellow, magenta, cyan,
and black inks, correspondingly. Each of these
recording heads disposed within the recording

apparatus ejects ink in response to recording signals.

heads are
i nventi on does not need to be limted

in

descri bed



bondi ng a piece of glass plate wwth grooves for formng ink paths to the
ink jet base plate. The ink jet base plate conprised a plurality of film

| ayers: a 0.2 lun thick anti-cavitation |ayer 10 formed of Ta; a 0.2

thick protective layer 11 forned of silicon nitride; an insulative | %@E‘i 2004
8; an alum num el ectrode |ayer conprising electrodes 3 and 4; an
exothermc -46 resistant |ayer 7 forned-48-TaN or the |ike; a heat storage
| ayer 6, and a supporting layer 20 forned of alumna or the |like superior
in heat radiation, which were listed in order fromthe side which makes
contact with ink. As for the tenperature at the interface between the

anti - cavi t at i ngHdudh 150 quice t heshowks 2 heaseuird ackioh fperane¢oEdingati on
film which came into contact with ink, was neasured using a Therno Vi ewer
(product of Niggaim dﬁwéamska(dOotl,leL@m)imti@naoﬁe‘éheg@ﬁ%#‘:‘aﬂgng el ement was
driven with no ink on the surface of the heat generating element. This is
due to the fiactentioen adeeateot mepdckothe Limited techPiPature of the
protective filmis at its highest Ilevel is also a state in which a bubble
i s bei ng for nechbiguhat beot eckereekprpd @ur FAR ePTERENEhERERBFECR tfe surface
tenperature of the protective filmin this state can be agﬁroxi mat ed by

measuri ng 5t heakse faprl i ¢apber &P uR eTBFCTALPS BERC FORIEEERAW PR no i nk on

the protective filmsurface, Wen driving. vl e_of 25 whigh was one
and hal f ti rre%l%%t%”ﬁF%@thdF%z%PF‘aggonez‘:lésggf' gt%ggcgg Eef“ﬁ&{ttlo ﬁgi |, and

had a pul se m%gﬁp gﬂkzégrggggges different in ink color are

combined with a single head in which ink paths are
grouped to form a color image.

10 [Embodiments]

Hereinafter, the present invention will be
described in more detail with reference to an
embodiment of an ink jet recording method in
accordance with the present invention. It should be

15 noted here that the application of the present
invention is not limited to the following embodiment.
(Actual Measurement of Highest temperature)

Figure 11 is a sectional view of the base

plate of the ink jet head in this embodiment. The

20 recording head in this embodiment was produced by
bonding a piece of glass plate with grooves for
forming ink paths to the ink jet base plate. The ink
jet base plate comprised a plurality of film layers: a
0.2 pm thick anti-cavitation layer 10 formed of Ta; a

25 0.2 pm thick protective layer 11 formed of silicon
nitride: an insulative layer 8; an aluminum electrode

layer comprising electrodes 3 and 4; an exothermic



and a frequency of 6 kHz, was applied to the heat generating head shown in

Fi gure

11,

I nk boi |l ed desirably,

and the highest tenperature the prot
filmsurface reached was 545C. On the other hand, the resistance valu

(T) -47 of the anti-cavitation film210 is a function of

AR T

tenperature T, and

can be expanded with respect to tenperature T. Therefore, ignoring the
terns greater in power than three, a gquddratic equation in which R (T) is

the constant term can be obtained for the tenperature T. Thus, the

resistance value R (T) of the anti-cavitation filmwas actually neasured

when the tenperature T was at a give level, and the aforenmentioned
Equati on (4) rddiaitdrs, laypmadt dtdomedqiatTah omddes ol WeRF 1y ekt tuting

t he neasured I
t enper at ur e Btolwgd Hayabti s theHRRITRI 1Y

resi stance val ue into Equation (49 to giéc |l ate.th

W Yh

?ﬁﬁﬁﬁa?gre reached

by the protective film surface was 540*C, whi ch was. substant i equal to
the actual | y aieasiredhitrestikep®atife A%y WAL %°’gr o‘f’@%ﬁ{ve film
surface. Incidentally, in solving Equatjon (4 nt il i LI begi ns,
physi cal propeste Visted bt okt FLPR Wl?)u%%%%l,w h%r’arfl%]é‘lrlg}%gfﬁlc%ggl i ng

begi ns,

hysi cal t | fai ; f ,
neat | nsUBAT e Tkt o 1R et cronbp Rate phE (HBE 1 AEC-FICE 01

act ual

situation, progducing a sliohtly,soplhefovahtCenéExnRri grat 1)

10

15

20

25

t he

becomes 1ess than in the

surface of the anti-cavitation film, which came into
contact with ink, was measured using a Thermo Viewer
{(product of Nippon Avionix Co., Ltd.) while a heat
generating element was driven with no ink on the
surface of the heat generating element. This is due
to the fact that a state in which the surface
temperature of the protective film is at its highest
level is also a state in which a bubble is being
formed on the protective film surface, and therefore,
the surface temperature of the protective film in this
state can be approximated by measuring the surface
temperature of the protective film with no ink on the
protective film surface.

when a driving voltage of 25 V, which was one
and half times the threshold voltage necessary to
cause ink to boil, and had a pulse width of 2.0 usec
and a frequency of 6 kHz, was applied to the heat
generating head shown in Figure 11, ink boiled
desirably, and the highest temperature the protective
film surface reached was 545°C.

On the other hand, the resistance value R (T)



Ink 1 was fornulated by the follow ng nethod. After the follow ng

i ngredients (the ingredients |isted below) were m xed, and were stirred no
less - 5 APR 2004 -48 than two hours, the mixture was adjusted to 6 irh PR 2004
usi ng 10% wat er sol ution of sodi um hydroxi de. Then, the m xture was
filtered wwith a nmenbrane filmwith a pore dianeter of 0.2 pm obtaining

ink 1. C 1. direct blue 3 wt. % Diethyf®heglycol 10 wt. % Thi odi gl ycol 10
w. % CGitric acid 0.35 wt. % Water 76.65 wt. % The thus obtained ink 1

was ejected 6x10 8 times fromthe aforenentioned recording head structured

so that the anopunt of ink ejected fr$n1e3£$ _oriféce er e%ﬁction became 50
pico-liter, iaf ddrh ati1eaviERELOMITH el i drEPRAEIPR The driving

condition in terns of the highest_tenperatur eached gh.t he
af or ement i ondePRIAA B FHNT - n%*th eex?%%g%é %}ggiﬁ?%g%?gnggf burnt i nk

anti <cavi t ot (GRSTHTHES o el T RERE OTRe Faner 10osHO" EOThRaRbatER . | o
to the state of the buynt d Lt, .e r gi hgad; wasnhdkpagsenbl ed
after 6x108 t¥HeC®Er {%%neﬁggé%bn? gﬁad{ gggn§??g53§?agionhfiIn1surface

whi ch hadénadFTfoféafﬁew£6ﬂs{gﬁt“@érﬁlSéﬁhlMeeﬁﬁﬁhﬂﬁgd By rapnepti cal
M Cr oscope.

temperature T. Thus, the resistance value R (T) of
the anti-cavitation film was actually measured when
the temperature T was at a give level, and the
aforementioned Egquation (4), that is, a quadratic

10 equation, was solved by substituting the measured
resistance value into Equation (4) to calculate the
temperature T. The thus obtained theoretically
highest temperature reached by the protective film
surface was 540°C, which was substantially equal to

15 +the actually measured highest temperature reached by
the protective film surface.

Incidentally, in solving Equation (4). until
film boiling begins, physical property values of water
are inputted, and after film boiling begins, physical

20 property values of air (gas) are inputted. Therefore,
the heat insulation effect at the heater surface
becomes less than in the actual situation, producing a
slightly smaller value.

(Experiment 1)

25 Ink 1 was formulated by the following method.

After the following ingredients (the ingredients

ljisted below) were mixed, and were stirred no less



As to the consistency of ejection amobunt, an average anmount of ink ejected
per nozzle after the - 5 APR 2004 -49 6xl1 08 tines of ink ejection was
obtained, and this value was conpared with the innitial performnce w3 §RPBINM
of each head to evaluate the head performance in the follow ng three
grades. 5 G no less than 90% conpared to the initial anount F. no |ess

t han 80% but no nore than 90% conpared -4®-the initial amunt N no nore
than 80% conpared to the initial 10 amount 15 As to the degree of
corrosion of anti- cavitation film a nunerical value was obtained as the
ratio of the remaining anti-cavitation filmafter the aforenentioned tines
of ink ejectifgan Mk& hswesj f thal hixthed ovas aadjusted toebatndrBHenti oned
times of ink ejection, the elenental conposition of the center portion of
the anti-caviieingni 6%l watas sabhatjerdobysadi mnebydsnxpiebe FNBRo Anal yzer
(product of Shimazu Corp.), flowng a current of 40 nA _to 20 calculate
the ratio of tiwe mexennengaanfiltevedavibh af PeRPrEa8efLdR YAEDr&tio of the
strength of the signal traceable to Ta within the anti-cavitation film
prior to thepaferéiemetencdft PrdskBi PRk2LPEREI AKX felative to that after

the aforenentioned tines of ink 25 ejection. As_a gurgent of 40 nA was
flowed, ndt only C-1. direct blue 3 wt.

Diethyleneglycol 10 wt. %
Thiodiglycol 10 wt. %
Citric acid 0.35 wt. %
Water 76.65 wt. %
10 The thus obtained ink 1 was ejected 6x108

times from the aforementioned recording head
structured so that the amount of ink ejected from each
orifice per ejection became 50 pico-liter, in each of
the tests which were different in the driving

15 condition in terms of the highest temperature reached
through the aforementioned simulation. During these
tests, precipitation of burnt ink ingredients,
consistency in ejection amount, and corrosion of the
anti-cavitation film were examined. The results are

20 given in Table 1.

As to the state of the burnt deposit, each
recording head was disassembled after 6x108 times of
ink ejection, and the anti-cavitation film surface
which had made contact with ink was visually examined

25 by an optical microscope.
As to the consistency of ejection amount, an

average amount of ink ejected per nozzle after the



the el enmental conposition of the anti-cavitation film but also the
presence of Si in the protective layer - 5 APR 2004 -50 bel ow t he PR 2004
anti-cavitation |ayer, were detected. Thus, the ratio of the remnui ni dq
anti-cavitation film (survival rate) could be measured by conparing the
strength of the signals fromthe constituent elenents 5 in each |ayer prior
to the aforementioned times of ink ejecti%n, with those thereafter. <Table
1> Burnt Ejection Dis- Survival 10Exp. Max. tenp. depositstabilityconnec-

rate tion substan- 1541(C)tially GNol00 (% nothing 2556GN0o100 15 11GNol100
3560 4570FNo85 5%9111FN032 . ‘ . . .
6x10° times of ink ejection was obtained, and this

value was compared with the initial performance values
of each head to evaluate the head performance in the
following three grades.

5 G: no less than 90% compared to the initial
amount

F: no less than 80% but no more than 90% compared
to the initial amount
N: no more than 80% compared to the initial
10 amount
As to the degree of corrosion of anti-

cavitation film, a numerical value was obtained as the
ratio of the remaining anti-cavitation film after the
aforementioned times of ink ejection. More

15 specifically, before and after the aforementioned
times of ink ejection, the elemental composition of
the center portion of the anti-cavitation film was
analyzed by an Electron Probe Micro Analyzer {product
of Shimazu Corp.), flowing a current of 40 na, to

20 calculate the ratio of the remaining anti-cavitation
film, based on the ratio of the strength of the signal
traceable to Ta within the anti-cavitation film prior
to the aforementioned times of ink ejection, relative
+to that after the aforementioned times of ink

25 ejection. As a current of 40 nA was flowed, not only
the elemental composition of the anti-cavitation film,

but also the presence of Si in the protective layer




11F*1non- 6607detect- able 20 non- 7623(C) HF*2detect- able 25 *1: Cccurred

at 3.3x108 ejections *2: Cccurred at 6.7x108 ejections G Good F:Fair - 5
APR 2004 -51 Further, the relationship between the ratio of the remabrAPRJON
anti-cavitation filmand the highest reached tenperature is plotted in
Figure 14. Anong these test data, the first to third enbodi nents of the
present invention correspond to the fiT¥" to third test data one for one.
As is evident from Table 1 and Figure 14, when the highest reached
tenperature was no higher than 560C (in other words, in the cases of the

first to third enbodi nents), the anti-c vitaiiéﬁkgiéé%%ﬁﬁédnotrﬁ@groded at
all. As descoeda¥ dgwy At d@r g Tedlas Wy TH-Thi's experi nent were
hi ghly reduced in sjze, d therefore tgf' _gg;'- vitatigp filnms were
very thin. THRE FHRAT oD I HE Dro 1{e{ctlvehﬁ&?lms Was seen in tests 4
- 7. In teSt%é%rvival rate) could be measured by comparing the
strength of the signals from the constituent elements
5 in each layer prior to the aforementioned times of ink

ejection, with those thereafter.

<Table 1>
10 Exp. Max. temp. Burnt Ejection Dis- Survival
deposit stability connec- rate
tion
1 541 (°C) substan- G No 100 (%)
tially
nothing
2 556 " G No 100
P 3 560 " G No 100
4 570 " F No 85
5 591 " F No 32
" F *1 non-
® 007 detect-
able
20
© " F %2 non-
C
’ 623 (°C) detect-
able
8 - .
x1: Occurred at 3.3x10° ejections
*2: Occurred at 6.7x108 ejections
25 G: Good

F: Fair




and 7 in which the highest reached tenperatures were 607C and 623C,
respectively, wring breakage, which seened to be traceable to the
anti-cavitation film corrosion, was seen. Regarding the burnt deposh} PR 7004
none was seen in any of these tests. It was thought that the chelatiné
reagent havi ng been added to ink was responsible for this. As described
above, through these tests, it became@kdent that if the tenperature at
the interface between the surface of the anti-cavitation filmand ink was
kept no hi gher than 560C, the -52 precipitation of burnt ink ingredients

and corrosion of anti-cavitation fil.mcould be_.c ntrqll d 5S¢ %Qat i nk
coul d be consi stent |y Fajrédedd. thfeded afio lﬂlﬂé&%?e- FRers ot nul ated in

|10 belonprate meren i WS A AL M et e,
Corut on o1 SomeninpeRA ey BRER AR Rt p SO0
menbrane filmwth a pore dianetern Qe QA LMendddl N [ #Hksrd - 8. - 5
APR 1004 -53

5 embodiments of the present invention correspond to the
first to third test data one for one.

As is evident from Table 1 and Figure 14,
when the highest reached temperature was no higher
than 560°C (in other words, in the cases of the first

10 to third embodiments), the anti-cavitation film was
not corroded at all. As described above, the
recording heads used in this experiment were highly
reduced in size, and therefore their anti-cavitation
films were very thin. Thus, the corrosion of the

15 protective films was seen in tests 4 - 7. In tests 6
and 7 in which the highest reached temperatures were
607°C and 623°C, respectively, wiring breakage, which
seemed to be traceable to the anti-cavitation film
corrosion, was seel.

20 Regarding the burnt deposit, none was seen in
any of these tests. It was thought that the chelating
reagent having been added to ink was responsible for
this.

As described above, through these tests, it

25 became evident that if the temperature at the

interface between the surface of the anti-cavitation

film and ink was kept no higher than 560°C, the




<Table 2> 5 10 15 20 25 Col orant Chel ating Sol vent |nk(w.% agent (w.

WpH (W\t. %9 2C 1. DirectEDTPO (2)Di ethylene-5 Yellow 86 (2)glycol (15)

| sopropyl - alcohol (4) Wter (77) 3C. |I. FoodEDTA (3)Di et hyl ene-8 BquwR%mM
(3)glycol (20) Water (74) 4C. 1. DirectEDTPO (1) Tri et hyl ene-9 Bl ack

199¢gl ycol (10) (2.5) water (86.5) 5C. I. EirectTripon-Thiodi-4 Bl ack 154
phosphori c mo2-

precipitation of burnt ink ingredients and corrosion
of anti-cavitation film could be controlled, so that
ink could be consistently ejected.

(Tests 4 - 10)

5 inks 2 - 8 were formulated in the following
manner. After the following ingredients (the
ingredients listed below) were mixed, and were stirred
no less than two hours, and the mixtures were adjusted
to predetermined pH levels, using 10% water solution

10 of sodium hydroxide. Then, the mixtures were filtered

with a membrane film with a pore diameter of 0.2 pm,

obtaining inks 2 - 8.




glycol (15) (2)acid (5 Water (78) 6C |1 AcidCtricUrea (5)10 Black 52:1

acid (0.1) (3) (chrone-Water (91.9) containing dye) 7C

Aci dHEDTATri met hyl ol 7 Vi ol et 90(0.5) propane (5) (2) (chrome- Water (93¢?m2m4
containing dye) -54 C .| Direct EDTAD et hyl ene-7 Bl ue 86(0.01) gl ycol (10
(2.5)Water (87.49) 5 Each of the thus obtained inks was ejected 6x108

times fromthe aforenentioned recording'ﬁ%ﬁd whi ch was provided with a 0.2
lamthick anti-cavitation filmformed of Ta and a 0.5 pmthick protective
film formed of silicon nitride, and which was structured so 10 that the
anount of ink ejected fromeach orifice per ejection becane 50 Pico-liter,
whi | e keeM|nfT§Rget%%perature at the interface between the anti -

Ink Colorant Chelating Solvent pH
agent
{wt.%) (wt. %) {wt. %)
5 -
2 C.I. Direct EDTPO (2) Diethylene- 5
Yellow 86 (2) glycol (15)
Isopropyl-
alcohol (4)
Water (77)
10 3 C.I. Food EDTA (3) Diethylene- 8
Block 2 (3) glycol (20)
Water (74)
4 C.I. Direct EDTPO (1) Triethylene- 9
Black 199 glycol (10)
(2.5)
Water (86.5)
15
5 C.I1. Direct Tripoly- Thiodi- 4
Black 154 phosphoric alycol (15)
(2) acid (5)
Water (78)
6 C.1 Acid Citric Urea (5) 10
20 Black 52:1 acid (0.1)
(3)
(chrome- Water (91.9)
containing
dye)
7 C.I Acid HEDTA Trimethylol 7
Violet 90 (0.5) propane (5)
(2)
25 (chrome-
containing Water (92.5)

dye)



cavitation filmsurface and the ink no nore than 541C Thereafter, the
recordi ng heads were neasured 15 with respect to precipitation of burnt ink

i ngredients, consistency in ejection amount, and corrosion of the “5APRﬂw4
anti-cavitation filmas in the first test. The results are given in Table
3. 20 25 -55 <Table 3> Ink Burnt Ejecti 4_SurV|vaI deposit stability rate
Enb. 4 2 No G100 % Enb. 5 3 No G 100 %" Enmb. 6 4 No G 100 % Enb. 7 5 No

G 100 % Enmb. 8 6 No G 100 % 10 Enb. 9 7 No G 100 % Enb.10 8 No G 100 % G
Good As is evident from Table 3, whichever ink was 15 used, neither the
precipitation of burnt ink ingredients nor the corrosion of protective film

was seen. F ven—when—aks—formed by C||H|HdLIHg chefating reagent
fromthe |ngred|ents for the inks 2,

4 #rﬁ% { aand 8 werg 1efi€Lther 7
precipitation of® bur ngred| t he 8?' piopf the
protective film was Bl % e other andf mheﬁgﬁﬁe above descri bed
inks 2 - 8 were ejected 6x1 mes whil e keeping {heer (87.49)

5 Each of the thus obtained inks was ejected
6x108 times from the aforementioned recording head
which was provided with a 0.2 pm thick anti-cavitation
film formed of Ta and a 0.5 pm thick protective film
formed of silicon nitride, and which was structured so

10 that the amount of ink ejected from each orifice per
ejection became 50 pico-liter, while keeping the
temperature at the interface between the anti-
cavitation film surface and the ink no more than
541°C. Thereafter, the recording heads were measured

15 with respect to precipitation of burnt ink
ingredients, consistency in ejection amount, and
corrosion of the anti-cavitation film as in the first

test. The results are given in Table 3.

20

25



af orenenti oned interface tenperature no higher than 25 607C, the thinning

of the anti-cavitation filmhad progressed far enough to suggest the
possi bl e breakage of the heat generating head, in the cases of all i~rik&PR 2004
-56 When inks fornmed by elimnating chelating reagent fromthe ingredients
for the inks 2, 3, and 8 were used, the_corrosion of the protective film
was not seen, but in the cases of some Ppks, the 5 preci pitation of burnt
ink ingredients was seen on the surface of the protective filmon the heat
generating elenent. Fromthe above observation, it is evident that when

i nk contains chelating reagent, the 10 precipitation of burnt ingredients,
and the corrosf@mleod>the anti-cavitation filmcan be better controlled to

consistently eject ink, by keeping the tenperature of the interface
bet ween t he surface—etthe—antt+——cavitation—f++rmand—nkmo higher than

560C. 15 Further, it is eviﬂggt thatagven when,ipk,,doeg, pofygentain

chel ating reagent, the precipitat bur : i epigeand the
corrosion of the anti- cavitationhgpPﬁggan bg %%E??ggleg tg consistently

ej ect ink, by keeptng—tthetenperature of the interface 20 between the
surface of the antﬁ- aviptatign filmygnd ink noghigher thgp $60C. Further,
when i nk Was ejected fromthe heat generating heads with an
anti-cavitation f%é fogmed jof anogphous al | oygcont ai ni ngoTg, nore
specifically, 25 Tal8Feb57Ni 8Cr17, in the sane manner as in tests 4 - 9,

Emb. 6 4 No G 100 %
Emb. 7 5 No G 100 %
Emb. 8 6 No G 100 %
10 Emb. 9 7 No G 100 %
Emb. 10 8 No G 100 %
G: Good

As is evident from Table 3, whichever ink was
15 used, neither the precipitation of burnt ink
ingredients nor the corrosion of protective film was
seen. Further, even when inks formed by eliminating
chelating reagent from the ingredients for the inks 2,
3, and 8 were used,.neither precipitation of burnt ink
20 ingredients nor the corrosion of the protective film
was seen.

On the other hand, when the above described
inks 2 - B were ejected 6x108 times while keeping the
aforementioned interface temperature no higher than

25  607°C, the thinning of the anti-cavitation film had
progressed far enough to suggest the possible breakage

of the heat generating head, in the cases of all inks.



the ratio of the remaining anti-cavitation filmdid

when the tenperature at the - 5 APR 2004 -57
of the anti-cavitation

not drop at al

filmand ink was allowed to reach as high as_

In other words, it became evident that the precipitation of burnt

%C.|.

Direct 75.5 Blue 199 3 %

10

15

20

25

Wwhen inks formed by eliminating chelating
reagent from the ingredients for the inks 2, 3, and 8
were used, the corrosion of the protective film was
not seen, but in the cases of some inks, the
precipitation of burnt ink ingredients was seen on the
surface of the protective film on the heat generating
element.

From the above observation, it is evident
that when ink contains chelating reagent, the
precipitation of burnt ingredients, and the corrosion
of the anti-cavitation film can be better controlled
to consistently eject ink, by keeping the temperature
of the interface between the surface of the anti-
cavitation film and ink no higher than 560°C.

Further. it is evident that even when ink
does not contain chelating reagent, the precipitation
of burnt ingredients and the corrosion of the anti-
cavitation film can be controlled to consistently
eject ink, by keeping the temperature of the interface
between the surface of the anti-cavitation film and
ink no higher than 560°C.

Further, when ink was ejected from the heat
generating heads with an anti-cavitation film formed
of amorphous alloy containing Ta, more specifically.
Tal8Fe57Ni8Crl7, in the same manner as in tests 4 - 9,
the ratio of the remaining anti-cavitation film did

not drop at all even when the temperature at the

i nterface between the surface

60C.
S8R 2004
ingredients and the corrosion 5 of the anti-cavitation filmwere better
controlled to consistently eject ink.'@fésts 11 - 14) Tests 11 -
carried out under the followi ng conditions. 10 Addi -
DyePurified water C. I.

14 were
| nk Sol vent tive
Direct 75.5 Yellow 86 2 % C. T. Acid 75.5 Red 35 2.5



C.l. Food 75.5 Black 2 3 % Urea DEG TDG Ay IPA 15 20 A7.55.07.52.58B
10.0 10.0 2.5 C 7.5 5.0 7.52.5D7.55.07.5 2.5 DEG Diethyleneglycol 25
TDG Thi odiglycol @y: Gycerine | PA: |sopropyl al cohol -58 Nhterial_g r
anti-cavitation film16-1 BI: Ta (2000 A) B2: anorphous Ta (2000 A) gPRﬂm‘
Material for protective film16-2 d: SiN (5000 A) C2: Si02 (5000 A) C3:
Si C (5000 A) Material for heat generatiT®/Tenber 18 10 D1: 15 TaN (400 A)
D2: TaSiN (100 A) D3: TaAl (500 A) Driving conditions

interface between the surface of the anti-cavitation

film and ink was allowed to reach as high as 560°C.

In other words, it became evident that the

precipitation of burnt ingredients and the corrosion
S of the anti-cavitation film were better controlled to

consistently eject ink.

(Tests 11 - 14)

Tests 11 - 14 were carried out under the

following conditions.

10
Addi- o
Ink Solvent tive Dye Purified
water
Urea DEG TDG Gly IPA
A 7.5 5.0 7.5 2.5 C.I. Direct 75.5
Yellow 86
15 2 %
B 10.0 10.0 2.5 C.I. Acid 75.5
Red 35
2.5 %
C 7.5 5.0 7.5 2.5 C.I. Direct 75.5
Blue 199
20 3%
D 7.5 5.0 7.5 2.5 C.I. Food 75.5
Black 2
3%
DEG: Diethyleneglycol
25 TDG: Thiodiglycol

Gly: Glycerine

IPA: Isopropylalcohol



heater size: 25 }gymx 100 pm voltage applied: 20 [V} (constant) The

hi ghest tenperature | evel which the aforenentioned interface tenperature
reached was adjusted by varying the width of the applied pul se mjth%%Pﬁ
range of 1.0 -- 8.0 (psec). 20 In other words, the highest tenperatur 2004
level which the heater surface tenperatgyre reaches can be obtained by

sol ving Equation (4) given above, using the values of the above conditions
as inputs. Under various conbi nations of the above given 25 conditions,

the length of heater durability was neasured. The results are given in the
followwng table. - 5 APR 2004 -59 Incidentally, the heat storage |ayer
(Si02) was 1.7 pmthick, and the silicon substrate was 625 PM5 10 15 20

25 Exp. 11 Exp. {2+ E&Hall?f@&ntlﬂcﬁvm&lmrﬁf&l@l Re-tion Anti-cav.- Bl Bl
B2 B2 f|In1Protect|on C1
Bl: Ta (2000 A)
B2: amorphous Ta (2000 A)
Material for protective film 16-2
Cl: SiN (5000 A)
C2: Si05 (5000 A)
C3: SiC (5000 4&)
Material for heat generating member 18
Dl: TaN (400 &)
D2: TaSiN (100 &)
p3: TaAl (500 &)
Driving conditions
heater size: 25 pm x 100 um
voltage applied: 20 [V] {constant)

The highest temperature level which the
aforementioned interface temperature reached was
adjusted by varying the width of the applied pulse
within a range of 1.0 - 8.0 (usec).

in other words, the highest temperature level
which the heater surface temperature reaches can be
obtained by solving Equation (4) given above, using
the values of the above conditions as inputs.

Under various combinations of the above given
conditions, the length of heater durability was

measured. The results are given in the following

table.




| ayer HTR D1 D2 D2 D3 DRIVING * * * MAX E E E E 5560 C 600 CB B B B 700 C
N N NN *: Constant except for pulse width E: No change in HIR after

1. 0x109 pul ses B: HIR break around 1.0x108 - 2.0x108 pulses N HIR bﬁdﬁwzmu
| ess than 1.0x108 pul ses. These tests proved that the present invention

was effective even when chelating material was not in the ink. Further, it
is evident fromthe above - 5 APR 2004 =0 results that the present
invention is effective regardl ess of not only the type of ink, but also the
types of protective filmand exothermc resistor material. 5 (Printing
Tests) Printing operations were actually carried out usin% | nk et
recor di ng appar at us fi&QQ&ﬁQMqu%¥frﬁﬂﬁnﬂﬁQRJQHﬁﬁfg%MﬁQ¥?§MIéaqgépdescribed
next, under a condition disclosed in the present invention, Fﬂ§ 10 results
vere excel | emas Figurtt ik g adherhit i eidﬁﬂﬂ AP RE G 85t 49 head and

shows the general structure of the head. The recordi ng head conprises: a
plurality of Hm-

5 Exp. 11 Exp. 12 Exp. 13 Exp. 14
Composi- A B C D
tion
Anti-cav.- Bl Bl B2 B2
film

10
Protection C1 Cl Cc2 C3
layer
HTR D1 D2 D2 D3
DRIVING * * * *

15
MAX E E E E
<560 °C
600 °c B B B B
700 °C N N N N

20
x: Constant except for pulse width
E: No change in HTR after 1.0x109 pulses
B: HTR break around 1.0x108 - 2.0x108 pulses
N: HTR break less than 1.0x108 pulses.
25

These tests proved that the present invention
was effective even when chelating material was not in

the ink. Further, it is evident from the above



heat generating heads 1103, wires 1104, ink path walls 15 1105, which are
formed in layers on a substrate 1102, in the formof film through

sem conduct or manufacturing processes such as etching depositing, %ﬁiﬁﬂﬁwm
sputtering; and a top plate 1106. Ink 1112 is supplied into a conmo
chanmber 1108 of the recording head 1101, through an ink supply tube 1107
froman unillustrated ink storage chanb&0- A referential nunmeral 1109
stands for an ink supply tube connector. After being supplied into the
common i nk chanmber 1108, the ink 1112 is drawn into the ink paths 25 1110
by capillary force, and is stably retained there as the ink in each ink
path 1110 foresuatsemhsdudhet presendpdmivientionils e {RGE%®, of the
outernost side -61 of the ink path 1110. In this state, paower is

sel ectivel y sapprid@sso afh@oteflgeddratiyif maddk ALY he 1iRer RS s
supplied, ink is suddenly heated,_ .and as,a result, a bubble is generated in
the ink pathtyRrgs 9f ﬁ’é%ﬁ’@&llé’eefdiﬁﬂsa%c?’iooﬁ}erré'&%,r‘ﬁ?ksﬁosr ejected from
an ejection opening_1111, in the formof an ink droplet. As to the power
suppl i ed to PRESKEEY - generating heads, the power is controlled so that the

t enper at ure the.interf bet ween the heating 10 el enment surface and the
I nk reaches ﬂ%rﬁP ﬁgﬁ'?%gﬁ%SSGOOC. Figure 13 is an external view of an ink

jet recording appara%%%H%%d@ﬂdﬂéﬁé%idﬁéﬁﬁﬂﬁeiéﬁ%ﬂﬁﬂf?‘&é&ried out
using an ink jet recording apparatus fitted with a
recording head, which will be described next, under a
condition disclosed in the present invention. The
10 results were excellent.

Figure 12 is a schematic drawing of a
recording head and shows the general structure of the
head. The recording head comprises: a plurality of
heat generating heads 1103, wires 1104, ink path walls

15 1105, which are formed in layers on a substrate 1102,
in the form of film, through semiconductor
manufacturing processes such as etching depositing,
and sputtering; and a top plate 1106. Ink 1112 is
supplied into a common ink chamber 1108 of the

20 recording head 1101, through an ink supply tube 1107
from an unillustrated ink storage chamber. A
referential numeral 1109 stands for an ink supply tube
connector. After being supplied into the common ink
chamber 1108, the ink 1112 is drawn into the ink paths

25 1110 by capillary force, and is stably retained there

as the ink in each ink path 1110 forms a meniscus at

the opening, that is, orifice, of the outermost side




applicable. This ink jet recording apparatus 15 conprises a carriage HC,
the pin (unillustrated) of which fits in the spiral groove 5005 of the

| ead screw 5004 rotated through driving force transm ssion gears SDS?P%'}HO{
5009 which rotate forward or in reverse as a driver notor 5013 rotate

forward or in reverse. 20 Thus, as the notor 5013 rotates forward or in
reverse, the carriage HC is shuttled i®lthe direction of an arrow mark. A
referential numeral 5002 stands for a paper pressing plate, which keeps
paper pressed upon a platen 5000 across the entire shuttling range of the
25 carriage HC. Referential nunerals 5007 and 5008 stand . for two sections
of a phot ocowdl dhentingh reddstlilti®t-es 18 Wufe §3GdQ SPWFt &¢ti ng neans for

reversing the - 5 APR 2004 62 rotational direction of thrée (fs{]i Ve, ot or
5013; the predentdvely FERED 500G hefd &S e ¥ e “Gap of the

phot ocoupler is detected. A referential .. nu |...R0 d r menber
for supporti igea F?V{%pﬂi%g's"’r’i’éﬁﬁé?lﬂ%dfg( 6t s(%‘%innl ﬁeﬁ%n?i‘ﬁﬁice of

the recording head, and g referenfi {]E[@[ l; PO hangised or @ suctioning
means for suc % 'ttPe%ltb‘LaFols alnnstcegaévr\} |ndtahler§cap ilﬁrhﬁrder to restore the
performance of the . recording YectCid Al NG 46 ol G fadhasdd@necom thin the
recordi ng edd's H?“&Pglhe t% o‘%’gra]a?qn&g; c5023 of the cap. A referential numeral
5017 stands foreﬂe(ggn%g?le%getﬂr@eu@n,d #n Hefer gt ad£ rrerat 5019 st ands

for a member Whic his bl ade 5019 to nove frontward or rearward.
The Cleaningd¥6¥¥%t. As to the power supplied to the heat
generating heads, the power is controlled so that the
temperature at the interface between the heating
10 element surface and the ink reaches no higher than
560°C.

Figure 13 is an external view of an ink jet
recording apparatus to which the present invention is
applicable. This ink jet recording apparatus

15 comprises a carriage HC, the pin (unillustrated) of
which fits in the spiral groove 5005 of the lead screw
5004 rotated through driving force transmission gears
5011 and 5009 which rotate forward or in reverse as a
driver motor 5013 rotates forward or in reverse.

20 Thus, as the motor 5013 rotates forward or in reverse,
the carriage HC is shuttled in the direction of an
arrow mark. A referential numeral 5002 stands for a
paper pressing plate, which keeps paper pressed upon a
platen 5000 across the entire shuttling range of the

25 carriage HC. Referential numerals 5007 and 5008 stand

for two sections of a photocoupler which constitutes a

home position detecting means for reversing the




15 5017 and this menber for noving the blade 5017 are supported by the
supporting plate 5018 of the apparatus nmain assenbly. As to bl ade
configuration, 20 it does not need to be the one in this enbodi nent - 5akRR 2004
known cl eani ng bl ade may be enpl oyed, which is obvious. A referential
nuneral 5012 stands for a |ever which triggers the suctioning operation
for restoring the recording head perforfdnce, and noves as a cam 5020
engaged with the carriage HC noves; its novenent is controlled as the
driving force fromthe 25 driver notor is controlled through a driving

force transmtting nmeans conprising a clutch and the Iérg: Tais I nk jet
recordi ng appatatienal Greatipn fedth® IRt ppton, 28t danthG, and

suctioning neans are structured to noved by the. |ead,screw,., 5004 to be
activated at pesanceigidied ST tff‘%oj(ﬁfé.oylﬁ%v%?fr{%%?eﬂ‘?slﬁotpgst riction

regarding the 5 configurations of. these ns,.as | pn an be
acti vat ed toﬁﬁﬂw%f(ﬁhetﬂﬂ?ﬁﬁ?ﬁﬂﬁ%ﬁﬂiﬂ%dggd%r%?ﬁbnsg g??%réﬁg¥ﬁ?tinings,
they are conpati bl | t he esent i No thg gbove

descri bed st‘}qmﬁﬁe]eg%%sﬁrﬁﬁnucgés?éﬁ %x@%ﬁée%tﬁ?ﬁ\%ﬁﬁgﬁf Wﬁet her 10

i ndividual ]y or_in conhj [ | th 1 REr he THESnt aBRRFALEHS olfS provi ded
with a driilﬁfgﬁﬁﬁ%ﬂégﬁﬁgﬁ3ﬁq%gmﬁggns§?grﬁﬁriv?ng the ink ej ection

pressure gen i ﬁ{?rﬁé aWihe shecfaventian hamebaensdescribed with
15 ref erenceetpgét%'gc%ﬁ uc ureE'!s di scl osed herein, it is

stands for a suctioning means for suctioning the
substance within the cap in order to restore the
performance of the recording head by suctioning the

10 substance within the recording head through the
opening 5023 of the cap. A referential numeral 5017
stands for a cleaning blade, and a referential numeral
5019 stands for a member which enables this blade 5019
to move frontward or rearward. The cleaning blade

15 5017 and this member for moving the blade 5017 are
supported by the supporting plate 5018 of the
apparatus main assembly. As to blade configuration,
it does not need to be the one in this embodiment; any
known cleaning blade may be employed, which is

20 obvious. A referential numeral 5012 stands for a

lever which triggers the suctioning operation for

restoring the recording head performance, and moves as

a cam 5020 engaged with the carriage HC moves; its

movement is controlled as the driving force from the
25 driver motor is controlled through a driving force

transmitting means comprising a clutch and the like.

This ink jet recording apparatus is




not confined to the details set forth and this application is intended to
cover such nodifications or changes as nay cone within the purposes of the
i mprovements or the scope of the following claims. 20 25 - 5 APR 20045 APR 2084
10 15 WHAT IS CLAIMED IS 1. An ink jet recording nethod of ejecting ink
using an ink jet head substrate provided with a heat generating resistor
which is coated with a protecting filmé3sherein the ink is ejected by a
pressure produced by generation of a bubble created by film boiling of the
i nk caused by application of thermal energy to the ink through the
protecting film the thermal energy being generated by driving of said
heat gener at istguddgirstdorso @t \aRRAdENtC idithg a0 tFHELLIO G e i s

provi ded a recording nmode in which the ink is ejected with a nmaxi num

t enper at ur e FEANFe AL IFHUE I Lt ROMRNShPY iIHF Width §Fhnt acted to

the ink not higher than 5600C 2. A nethod cordi 0. Caimil, wherein the
maxi mum t enp e ibe &R tish ay YT (a)qceﬁlr?dlag(%‘%tﬁ%sel P of a

driving signgl applied 9 d Ng NERlre SNIA NG dEUAY R0
5 configurations of these means; as long as they can be
activated to carry out the predetermined operations
with known timings, they are compatible with the
present invention. Each of the above described
structures constitutes an excellent invention, whether
10 individually or in combination with the others. This
apparatus is provided with a driving signal supplying
means for driving the ink ejection pressure generating
elements.
While the invention has been described with
15 reference to the structures disclosed herein, it is
not confined to the details set forth and this

application is intended to cover such modifications or

changes as may come within the purposes of the

improvements or the scope of the following claims.




25 3. A nethod according to Claim1l, wherein a tenperature of the
substrate is neasured, driving of heat generating resistor is stopped when
a discrimnation is nmade that control is not possible to nmake the..g?ﬁd yim
tenperature not higher than 560C, on the basis of the tenperature an :§
driving signal. - 5 APR 2004 -65- 4. A nethod according to Claim1l, wherein
the ink contains chelate agent. 5. A netffd according to Caim4, wherein
the 5 content of the chelate agent is not |ess than 50 wei ght ppm and not
nore than 20 weight % 10 6. A nethod according to Caim1, wherein said

protecting film conprises a pl urallty of layer, and a |ayer contactable to
the ink is anbi®ilsLLAIMEDAS fi| m nade of anor phous aIon conprising Ta.

7. A nethod according to aim6, wherein the  aporphous nprises

oy.c

one or rore netal hat &0 aik 1R AKRIRH G I LR ot BICE m%rmgz Ge and
Ni. 8 A nethod according to erelnthe a u

conpri ses Tausdg @ FRE N e tg‘?ﬁf‘gs%%? e TR ¢ ng gm%eﬁ han 30

wei ght % on the 20 basis of. the t g t r y. 9. An
i nk j et head gfdb%?af'é’t‘ég c’f) RARIRY "%a?TL] Q(Be%g%%tpﬁtﬁ?gsP£83§C%ghgr ot ecti ng

filmwth V\hlt;;h'nialh% heat e{ﬁp{@ éf@é%@rbysacgggggurgherel n heat 25

gener at ed %y genera ing resis I's applie
produced by generation of a bubble created by film

boiling of the ink caused by application of thermal
energy to the ink through the protecting film, the
thermal energy being generated by driving of said heat
10 generating resistor, the improvement residing in that:
there is provided a recording mode in which
the ink is ejected with a maximum temperature at the
surface of said protecting film which is contacted to

the ink not higher than 560°C.

15
2. A method according to Claim 1, wherein the
maximum temperature is controlled by controlling a
pulse width of a driving signal applied to the heat
generating resistor.
20

3. A method according to Claim 1, wherein a
temperature of the substrate is measured, driving of
heat generating resistor is stopped when a
discrimination is made that control is not possible to

25 make the maximum temperature not higher than 560°C, on

the basis of the temperature and a driving signal.




to ink through said protecting filmto eject the ink, the inprovenent
residing in that: - 5 APR 2004 -66- a nmaxi nrumtenperature at a surface of

said protecting filmcontacted to the ink is not higher than SGOOQEgHQ%ﬂﬂ
driving of said heat generating resistor. 5 10. A substrate accordi 4
Claim9, wherein said protecting filmconprises a plurality of |layer, and
a layer contactable to the ink is an anmtS- cavitation film nade of

anor phous alloy conprising Ta. 10 11. A substrate according to Caim 10,
wherein the anorphous all oy conprises one or nore netal materials

selected froma group of Fe, C, Re, Ge and Ni. 15 12. A substrate
according to O ai th-11A Wesheid aqaer RS fitb (< 3™ o) WIS Testi®, Fe, O

and N, and a content of Tais not nmore than 30 weight % on the basis of
the total weilght cOntEHE SRR 389y, 20 13. An ink jet head conprising
an ink jet head substrate including a heat generating resistor, a
protecting filmwth which said heat generating resistor is coated,

wherei n heat generated b ' heat reaf | esy i Scapplied to
i nk through sai d5pr o?bé'{%tflngﬁjiﬂ%% to cnrgg:t%g (gf%{t}gb{'e%lﬁét le I nk,
5 content of the chelate agent is not less than 50

weight ppm and not more than 20 weight %.

6. A method according to Claim 1, wherein said
protecting film comprises a plurality of layer, and a
10 layer contactable to the ink is an anti-cavitation

film made of amorphous alloy comprising Ta.

7. A method according to Claim 6, wherein the
amorphous alloy comprises one Or more metal materials

15 selected from a group of Fe, Cr, Re, Ge and Ni.

8. A method according to Claim 7, wherein the
amorphous alloy comprises Ta, Fe, Cr and Ni, and a
content of Ta is not more than 30 weight % on the

20 Dbasis of the total weight of the amorphous alloy.

9. An ink jet head substrate comprising a heat
generating resistor, a protecting film with which said
heat generating resistor is coated, wﬁerein heat

25 generated by said heat generating resistor is applied
to ink through said protecting film to eject the ink,

the improvement residing in that:




thereby to eject the ink by a pressure by the creation - 5 APR 2004 -67 of
the bubble, the inprovenent residing in that: a maxi numtenperature at a
surface of said protecting filmcontacted to the ink is not higher _ghlm
560C during driving of said heat generating 5 resistor. 14. An ink jet 5"8‘
according to Caim13, wherein the ink contains chelate agent. 10 15. An

i nk jet head according to C aim 14, whet@sin the content of the chelate

agent is not less than 50 weight ppmand not nore than 20 weight % 16. An
ink jet head according to Claim 13, 15 wherein said protecting film

conprises a plurality of layer, and a |ayer_contactable t e.ink is an
anti- cavitation fil mardtfs u’%rﬁﬁ‘?ﬁﬁﬁt‘ﬁ? t c%r?p‘ﬁ%%eg a.é%fl An ink jet
head according to Claiml16, 20 wherei 0, I aprises one
or nore netalPFRRET S é&%cﬁ%ﬁ%&oeré }%P'%?Jegn%lpl@e%w@ }%%?&QGe and Ni.
18. An ink jet he or di t ' , wherei hedhea efmg phous al | oy
conpri ses Ta,t}}ﬁé“, a%r(ﬁgcza‘{u%\f% a(ﬁrd&;l c‘%]n(%genstg%% Ta is&?lot rmﬁ;a)éthan 30

wei ght % on the b&s*s of the total weight of the anorphous -68 alloy. 19.

An ink jet agfardatus which includes an ink jet head conprising an ink jet
head substsrate 5 including a heat generating resistor, a protecting

10. A substrate according to Claim 9, wherein
said protecting film comprises a plurality of laver,
and a layer contactable to the ink is an anti-
cavitation film made of amorphous alloy comprising Ta.

10

11. A substrate according to Claim 10, wherein
the amorphous alloy comprises one or more metal
materials selected from a group of Fe, Cr, Re, Ge and
Ni.

15

12. A substrate according to Claim 11, wherein
the amorphous alloy comprises Ta, Fe, Cr and Ni, and a
content of Ta is not more than 30 weight % on the
basis of the total weight of the amorphous alloy.

20

13. An ink jet head comprising an ink jet head
substrate including a heat generating resistor, a
protecting film with which said heat generating
resistor is coated, wherein heat generated by said

25 heat generating resistor is applied to ink through

said protecting film to create a bubble in the ink,

thereby to eject the ink by a pressure by the creation




filmw th which said heat generating resistor is coated, wherein heat
generated by said heat generating resistor is applied to ink through said
protecting filmto create a bubble in the ink, thereby to eject 10 the ink
by a pressure by the creation of the bubble, the inprovenent residih§PR 204
that: there is provided driving signal control neans for making a nmaxi num
tenperature at a surface of said proteadi-ng filmcontacted to the ink not
hi gher 15 than 560C during driving of said heat generating resistor. 20.
An apparatus according to Caim 19, wherein said driving signal control
means controls a pulse 20 width of a driving signal applied to said heat
generating re@¥ Yy Bubhdent rude tip mesemamt tessipbiTed uke. t1EL: An appar at us
according to daim19, wherein 25 said ink jet head substrate includes a

t enperat ure detecting slrememurn cremeesatiryy It terper Bace 0 bfs3hdd
substrate, and wherein driving of heat generating -69 resistor is stopped
when a di scripfigtaidtomg <fitadecartzactednte oithe siHptiHoRet bREIRST make t he
maxi mum tenperature not hi gher than 560Cl on the basis of the tenperature
and a dri vi ngrsirgriEA0°G Rxingh dpbeing Rf g2 dredt t9eEPER R PY, wherein the
i nk contains chel ate agent. 23. An apparatus according to Caim 22, wherein
10 the corlt entesgfsttd®e. chel ate agent is not |ess than 50

14. An ink jet head according to Claim 13,

wherein the ink contains chelate agent.

10 15. An ink jet head according to Claim 14,
wherein the content of the chelate agent is not less

than 50 weight ppm and not more than 20 weight %.

16. An ink jet head according to Claim 13,
15 wherein said protecting film comprises a plurality of
layer, and a layer contactable to the ink is an anti-

cavitation film made of amorphous alloy conprising Ta.

17. An ink jet head according to Claim 16,
20 wherein the amorphous alloy comprises one or more

metal materials selected from a group of Fe, Cr, Re,

Ge and Ni.

18. An ink jet head according to Claim 17,
25 wherein the amorphous alloy comprises Ta, Fe, Cr and
Ni, and a content of Ta is not more than 30 weight %

on the basis of the total weight of the amorphous



wei ght ppm and not nore than 20 weight % 24. An apparatus according to
Claim2l, wherein said protecting filmconprises a plurality of layer,, 15
and a |layer contactable to the ink is an anti cavitation film nade of 9 APR 2004
anor phous all oy conprising Ta. 25. An apparatus according to C aim 24,
wherein the anorphous alloy conprises one or nore netal 20 materials
selected froma group of Fe, C, Re, Ge@hd Ni . 26. An apparatus according
to Claim25, wherein the anorphous alloy conprises Ta, Fe, C and N, and

a 25 content of Ta is not nore than 30 weight % on the basis of the total
wei ght of the anorphous all oy.

alloy.

19. An ink jet apparatus which includes an ink
jet head comprising an ink jet head substrate
including a heat generating resistor, a protecting
film with which said heat generating resistor is
coated, wherein heat generated by said heat generating
resistor is applied to ink through said protecting
film to create a bubble in the ink, thereby to eject
the ink by a pressure by the creation of the bubble,
the improvement residing in that:

there is provided driving signal control
means for making a maximum temperature at a surface of
said protecting film contacted to the ink not higher

than 560°C during driving of said heat generating

resistor.

20. An apparatus according to Claim 19, wherein
said driving signal control means controls a pulse
width of a driving signal applied to said heat

generating resistor to control the maximum

temperature.

21. An apparatus according to Claim 19, wherein
25 said ink jet head substrate includes a temperature
detecting element for measuring a temperature of said

substrate, and wherein driving of heat generating




10

15

20

25
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resistor is stopped when a discrimination is made that
control is not possible to make the maximum
temperature not higher than 560°C, on the basis of the

temperature and a driving signal.

22. An apparatus according to Claim 21, wherein

the ink contains chelate agent.

23. An apparatus according to Claim 22, wherein
the content of the chelate agent is not less than 50

weight ppm and not more than 20 weight %.

24. An apparatus according to Claim 21, wherein
said protecting film comprises a plurality of layer,
and a layer contactable to the ink is an anti-

cavitation film made of amorphous alloy comprising Ta.

25. An apparatus according to Claim 24, wherein
the amorphous alloy comprises one or more metal
materials selected from a group of Fe, Cr, Re, Ge and

Ni.

26. An apparatus according to Claim 25, wherein
the amorphous alloy comprises Ta, Fe, Cr and Ni, and a
content of Ta is not more than 30 weight % on the

basis of the total weight of the amorphous alioy.



