DESCRI PTI ON LI QUI D EJECTI NG HEAD, PROCESS FOR
PRODUCTI ON OF LI QUID EJECTI NG HEAD, AND LI QUI D
EJECTI NG DEVI CE Techni cal Field The present invention
relates to a liquid ejecting head for ejection of
l'iquid by nmeans of heat energy, which is enployed for
liquid ejecting apparatus such as inkjet printers,
and also to a liquid ejecting apparatus provided with
the liquid ejecting heggoBagkgrpaund Art Anong
conventional liquid ejecting apparatus such as inkjet
printers is that of thermal type which is designed to
eject liquid by neans of a pressure of bubbles
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Patent Docunment 1 (Japanese Patent Laid-open No. Hei
8-118641).) Conventional heating el enments may take on
TReLANAY 3 Shapes as shown in Figs. 13A to 13C which
are plan views. The one shown in Fig. 13A consists of
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ejecting head for ejection of liquid by means of heat
energy, which is employed for liquid ejecting apparatus

such as inkjet printers, and alsc to a liquid ejecting

apparatus provided with the liquid ejecting head.

Background Art

Among conventional liquid ejecting apparatus such
as inkijet printers is that of thermal type which is
designed to eject liquid by means of a pressure of
bubbles evolved by rapid heating of liquid with a heating
element.

The heating element may assume different forms.
It may be a single entity or an assemblage of two or more
parts placed in one liquid chamber. (See Patent Document
1 (Japanese Patent Laid-open No. Hei 8-118641).)

Conventional heating elements may take on
rectangular shapes as shown in Figs. 13A to 13C which are

plan views. The one shown in Fig. 13A consists of a



The one shown in Fig. 13B consists of two conponents
1A and 1B divided in a nearly square region. The one
shown in Fig. 13C consists of three conponents 1C

1D, and 1E divided in a nearly square region. The
heating el enent shown in Fig. 13A has electrodes 2
attached to both ends thereof so that it is supplied
with current through them (The el ectrodes are
indicated by 1(r) and 2) in the figure.) The heating
8LafeRt cshpanenh FighicBBahasnes| acteades Spuare @hBine.
attached thereto as follows. The electrodes 2A (7D
ahe 80F ahewat imcHegd. t b3Bneownisté efctwo oforigwnents 1A
conponents 1A and 1B, and the electrode 2B ((c)2) is
attlatBeditvbdetielntdeic@nty sfuihe companentThe AraandsHdim
so that it connects themtogether. Mreover, the

heaFigg eBenestsshioswof ntibge ddfpohas:elret rades2C 1E
2D, and 2E attached thereto as follows. The

adlectieqdes 2G4l pnshidld Agi@ttached to one end of
each of the conponents 1C and 1E. The el ectrode 2D

(02) is phd acdadidd dNgnadssiffud M, Genpone $,.LC and

1D so that it connects themtogether. The el ectrode
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and 1E so that 1t connects themtoge Igs. 1
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indicated by @ and @ in the figure.)

The heating element shown in Fig. 13B has
electrodes 2A and 2B attached thereto as follows. The
electrodes 22 (D and @) are attached to one end of each
of the components 1A and 1B, and the electrode 2B (@) is
attached to the other ends of the components 1A and 1B so
that it connects them together.

Moreover, the heating element shown in Fig. 13C
has electrodes 2C, 2D, and 2E attached thereto as follows.
The electrodes 2C (D and @) are attached to one end of
each of the components 1C and 1E. The electrode 2D (@)
is attached to the ends of the components 1C and 1D so
~that it connects them together. The electrode 2E (@) is
attached to the ends of the components 1D and 1E so that
it connects them together.

Figs. 13B and 13C indicate that the heating



el ement consisting of two or three conponents (lIAto
1D) is constructed such that the conponents are
connected together in series. In the heating el enent
shown in Fig. 13B, for exanple, current applied
across the two electrodes 2A flows through the

el ectrode 2B, thereby heating both of the conponents
1A and 1B sinmultaneously. Unfortunately, the
conventional heating element (shown in Fig. 13A)
€argesti ngnefisdispngfetwonponehtee subfipesentie prdbtemD)
with a lowresistance, as illustrated below In the
daseopbtrhreedheathngheat enrat sompodént duatéd yodoneeeed n
a square of the sane area as shown in Figs. 13A to

t3Gethhe fhrsérose. (FIg. tA3Meavhh§hel &RESE SélSol Bn Fig.
singl e conponent, has a resistance smaller than
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consi sts of two conponents, and smaller than one-ninth
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three conponents. This inplies that the heating
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and vol tage drop. nerefore, eat ng el .
ot B g et e g R
é@@f@ggtéﬁeg perloeDrTer}rtl Sv\ristrhm\étn low resistance, as illustrated
below. In the case of three heating elements
individually formed in a square of the same area as shown
in Figs. 13A to 13C, the first cne (Fig. 13A), which
consists of a single component, has a resistance smaller
than one-forth that of the second one (Fig. 13B), which
consists of two components, and smaller than one-ninth
that of the third one (Fig. 13C), which consists of three
components. This implies that the heating element
consisting of a single cbmponent needs low-voltage
current more in proportion to is low resistance, and
hence it is Qulnerable to power loss and voltage drop.
Therefore; the heating element of this type is not
suitable for an apparatus in which many nozzles are

juxtaposed.

It is to be noted that the heating elements shown

3



3in Figs. 13A to 13C do not evolve heat fromtheir
entire surface upon voltage application. The area

that effectively contributes to liquid ejection is
limted as indicated by dotted lines. The result is
that the heating elenent consisting of two divided
conponents, as shown in Fig. 13B, has an area (a slit
bet ween 1A and 1B) where there exists no heating

el ements. This inplies that the central part of the
hBat'i6g- el 2heh? teGuinsnat avolwe hemipefaturigheOn drteire
ot her hand, heating el enents juxtaposed on a
subsSecatwenffeltite apshivantage dfhd maocdaitigt
difficulties with fabricating process to make uniform
ehéect freal v ngomtrat et € i 56 | Tiquidn Sfheriowros,1itieded as
vary in performance. In addition, the nore the

hedt caged eberdntted Tiveded THY o-LOMRONENtishat hehdror e
exi st the regions generating no heat. To conpensate
hdaSingd telemenecassad ¥ 110y I S&d e LfIRETAMHS s, as
unit area of the heating elenent. This, in turn,
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foregoi ng suggests that a square one-piece heatlng
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. low temperature.

On the other hand, heating elements juxtaposed on
a substrate suffer the disadvantage of involving
difficulties with fabricating process to make uniform
their heating characteristics. 1In other words, they vary
in performance. In addition, the more the heating
element is divided into components, the more exist the
regions generating no heat. To compensate this, it is
necessary to raise the temperature per unit area of the
heating element. This, in turn, rapidly deteriorates the
heatiﬁg element.

The foregoing suggests that a square one-piece
heating element has an advantage over a multi-piece
heating element except that it needs a specific power

source. In practice, it is known to eject liquid rather

uniformly.



uniformy. 4 The present applicant had previously
proposed a nethod for controlling the direction of

ej ection by neans of a plurality of heating el enments
placed in one liquid chanber. (See Japanese Patent
Application Nos. 2002- 112947 and 2002-161928.) This
met hod, however, does not achieve its objective
easily with one-piece heating elenents fornmed in a
shape r&8enbrepgnt agidrant Dedcposuteudfy tHreposed a

I nventi on Exanpl e enbodi nents may sol ve the foregoing
meitbbfefrbyc @npl ohlilmg &hpl di e ¢t yorofo hegteictigos| eyemtans
(of one-piece type) which are so fornmed on a single
ofubsphtaralits ab heattingl eidmenlis achdamd dh epectiqumid
The object of the present invention to solve the
cpeobkem i(§eachrpwrdsbyPatwrat A ldiefd tniech iNvst.he002-
following. In accordance with a first aspect of the
lpeédeénandi dvehti@rg28.hereis smetiond datbweverquiddes not
ej ecting head having heat-energy evolving el enents
athaevevot v eokheatt iereegyil 9 wijleeind-pquicd, hahetegn sai d
heat - energy evolving elenents are constructed of an
el ahegt @l £foist riat @, saapeNBeSordd 1020 a Ratbeen (in plan

view), having conductors connected thereto at the
turnaround part of the zigzag pattern, and each of

the el ements has thereon a nozzle through which liquid
DiSclosure of the Invention

Example embodiments may sclve the foregoing
problem by employing a plurality of heating elements (of
one-piece type) which are so formed on a single substrate
as to control the direction of ejection. The object of
the present invention to solve the problem is achieved by
what is defined in the following.

In accordance with a first aspect of the present
invention, there is provided a liquid ejecting head having
heat-energy evolving elements that evolve heat energy to
eject liquid, wherein said heat-energy evolving elements
are constructed of an integral substrate, assume a zigzag
pattern (in plan view), having conductors connected thereto
at the turnaround part of the zigzag pattern, and each of

the elements has thereon a nozzle through which liquid is

ejected.



ejected. 5 In accordance with a second aspect of the
present invention, there is provided a liquid

ej ecting head having heat-energy evolving el ements
that evolve heat energy to eject liquid, wherein said
heat - energy evolving elenents are constructed of an

i ntegral substrate, assune a zigzag pattern (in plan
vi ew), and have conductors connected thereto at the

t ur nar odRd2paP¥IdIce We 17 gz agcpadt arprasuctf thRaprepent
main part evolving heat energy to eject liquid is
1gvendedni ntleza Useasevided parisabyd tehectinaahetmdidpaimy
of the zigzag pattern, and each of the elenents has
heperedaray sioZAMiact Bleught whikdt |dvpliveé heaej ensraly tdm
accordance with a third aspect of the present
efjagentignidt héreeeis prddildedt-eseldopy @ vejlechy ngldesad s
havi ng heat-energy evolving el enments that evol ve heat
agpergystouctEicectt knquntegmwnersilbstaamited, heabuenes gaigzag
evolving elenments are constructed of an integra

pstbstm atien grchrc otipwi seand piwxidaidelcy olds shapeskttpat t s
(in plan view), having conductors connected thereto

thtré¢he dturtier aumeapanhd ofatthenf aper @lgoatepyt térshapet
pattern, each of the elenments has thereon a nozzle

thir ottgh wdiire palritqutrdl v sn@jeede nelry yae 6 0k gacc el Mhililll as

fourth aspect of the present invention, there is
dproyddiechtd ldtquiedse) e6d i gk thead, RaW RArnaround part of
the zigzag pattern, and each of the elements has thereon a
nozzle through which liquid is ejected.

In accordance with a third aspect of the present
invention, there is provided a liquid ejecting head having
heat-energy evolving elements that evolve heat energy to
eject liquid, wherein said heat-energy evolving elements
are constructed of an integral substrate and comprise
approximately U-shaped parts (in plan view), having
conducters connected thereto at the turnarcund part of the
approximately U-shaped pattern, each of the elements has
thereon a nozzle through which liquid is ejected.

In accordance with a fourth aspect of the present
invention, there is provided a liquid ejecting head having
heat-energy evolving elements that evolve heat energy to

eject liquid, wherein said heat-energy evolving elements

are constructed of an integral substrate and comprises
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heat - energy evolving el enents that evol ve heat energy
to eject liquid, wherein said heat-energy evol ving

el enents are constructed of an integral substrate and
conpri ses 5a approxi mately U shaped parts (in plan
view), and have conductors connected thereto at the
turnaround part of the approximtely U shaped parts,
such that the nmain part evolving heat energy to eject
appggrdnpsely Woddreat pagts (basplamoisartsabg hiaee
turnaround part of the approximately U shaped parts,
cgnduedehs ofontirrteiderbatrsthast t tey dorrmaronodzbert hwbugte
which liquid is ejected. In accordance with a fifth
agppesinatel hd/-mhesedt parhvensidn, thatertdei mapnovided a
liquid ejecting head having heat-energy evol ving
eglbémeng shedatererglyv€cheatcenkeiqyid ds ejiedtieti juid,at
wherei n said heat-energy evolving elenents are

leenst tuctmaricf kan that egradrswhs tratte o fcahpr sesodinately
| east main parts divided by at |east one slit forned
Urshapad tpaftd,hensiubsthat e, thavd nghetarRdhak ot Se oM ect ed
thereto at the part of the two where main parts are
npatbedthi@get herichandqgeaehi fefdeel.ements has thereon
a nozzle through which liquid is ejected. In

accor dangeadtdfizncy xtikhaspecttRf adha-tprgsent present
invention, there is provided a |liquid ejecting head

iha¥hBgon heer@nekgyreyohvi g BlRMBNLS Lhat g evoly e haaly
energy to
heat-energy evolving elements that evolve heat energy to
eject liquid, wherein said heat-energy evolving elements
are constructed of an integral substrate, comprises at
least main parts divided by at least one slit formed in
part of the substrate, having conductors connected thereto
at the part of the two where main parts are joined
together, and each of the elements has thereon a nozzle
through which liquid is ejected.

In accordance with a sixth aspect of the present
invention, there is provided a liquid ejecting head having
heat-energy evolving elements that evolve heat energy to
eject liguid, wherein said heat-energy evolving elements
are constructed of an integral substrate, comprise the main
part of evolving heat energy to eject liquid, said main

part being divided into at least two parts by at least one

slit formed in part of the substrate, having conductors
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eject liquid, wherein said heat-energy evolving

el ements are constructed of an integral substrate,
conprise the main part of evolving heat energy to
eject liquid, said main part being divided into at

| east two parts by at |east one slit formed in part

of the substrate, having conductors 5b connected
thereto at the part where the two main parts are
crerfeted ddeeér, aandhearhrofwidte dhenbrio snabts RHSTeGFe
‘a_ nozzle through which liquid is ejected. In
Jaceed detathficy hagdseyent it ddpectleoenthehps eklegneon a
invention, there is provided a |liquid ejecting head
DREYI A g-hament ehérhyleveldiigy adlesedt s that evol ve heat
energy to eject liquid, wherein said heat-energy

evol vi n§n et ermfagiceamé tboastevetgd sofpean it egeapresent
substrate, assunme a zigzag pattern (in plan view,
imaenipigprooritectois poomeddddh tlhepgtioejeatthg hegl draving
outside the inner turnaround line at the turnaround
hpartemirdhevrilgiang patnerty tWacheobltbeh@tenmadyyy has
thereon a nozzle through which liquid is ejected. In
e decordandel, wiwhhrain es gid heaspeckral; &hel piwseillements
invention, there is provided a liquid ejecting head
ahaviaigstriveatdener gy Bviedamdlg sebereats, thadurey el va ghaat
energy to eject liquid, wherein said heat-energy
p&EModnH NG nebeABNY Sew By enhBARSL Ibetadt 8f s afbdrd@WHAlhereto
substrate, assune a zigzag pattern (in plan view,
iRnthdhavgieandues oS ©NnNestedd turnaround line at the

turnaround part of the zigzag pattern, each of the elements
has thereon a nozzle through which liquid is ejected.

In accordance with an eighth aspect of the present
invention, there is provided a liquid ejecting head having
heat-energy evolving elements that evolve heat energy to
eject liguid, wherein said heat-energy evolving elements
are constructed of an integral substrate, assume a zigzag
pattern (in plan view), and have conductors connected
thereto in the region outside the inner turnaround line at
the turnaround parit of the zigzag pattern, so that the main
part evolving heat energy to eject liguid is divided into
at least two parts by the turnaround part of the zigzag
pattern, and each of the elements has therecon a nozzle

through which liquid is ejected.
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thereto in the region outside the inner turnaround
line at the turnaround part of the zigzag pattern, so
that the main part evolving heat energy to eject
liquid is divided into at |least two parts by the
turnaround part of the zigzag pattern, and each of
the el enments has thereon a nozzle through which
liquid is ejected. 5¢c In accordance with a ninth
aspect én ghecptamentvithngentinbh, ashrate dfs theopirdeent
liquid ejecting head having heat-energy evol ving
igvenenes, tiiesreevsl peohéded enerigpito ejepetngl hepd dhaving
wherei n said heat-energy evolving elenents are
hegahsenectecevwfl vamgi piegents sthsst ratcd vechapt i sesran to
approxi mately U shaped part (in plan view), having
egentduti@risd,comreetiedsthérie¢ ot temetrigy  pegilonngut sémkenttshe
i nner turnaround line at the turnaround part of the
agpproxs tnmtctley bUfshapénpagtal eatlstektehecekpnesnds das

t hereon a nozzle through which liquid is ejected. In
appeox dencd ywittHshapkanphraspactpleh thewpy esgntng
invention, there is provided a |liquid ejecting head

chasidigbrhearmeneedy t B¥0E¥d Nth elreneaysohhatic evad wehdheat
energy to eject liquid, wherein said heat-energy

i8NOF ViulhalemENt Sneake €RAStUMRdnal papti ot egial
substrate, conprises an approximately U shaped part

apbPopimtMiveW)-shapd pave, Landugt ons conpested.dhereto
In the region outside the
thereon a nozzle through which liguid is ejected.

In accordance with a tenth aspect of the present
invention, there is provided a liquid ejecting head having
heat-energy evolving elements that evolve heat energy to
eject liquid, wherein said heat-energy evolving elements
are constructed of an integral substrate, comprises an
approximately U-shaped part (in plan view), and have
conductors connected thereto in the region outside the
inner turnaround line at the turnaround part of the
approximately U-shaped part, so that the main part evolving
heat energy to eject liquid is divided into at least two
parts by the turnaround part of the approximately U-shaped
part, each of the elements has thereon a nozzle through
which liquid is ejected.

In accordance with an eleventh aspect of the

present invention, there is provided a liquid ejecting head
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i nner turnaround line at the turnaround part of the
approxi mately U shaped part, so that the main part

evol ving heat energy to eject liquid is divided into
at least two parts by the turnaround part of the
approxi mately U shaped part, each of the el enents has
thereon a nozzle through which liquid is ejected. In
accordance with an el eventh aspect of the present
NerdBAt oMt ety ey ogvenpdederentigyiihd tejeget vagheretad

5d havi ng heat-energy evol ving el enents that evolve
SHeapY enerincl digjuest Wheoedn st diastsandrovaeveherrgy
evolving elenments are constructed of an integra
edghsitatare umiriucdsdt hé aeatntmmredy sebekviahg, part
divided into at least two main parts by at |east one
comprifes nete iheglacneohy sapliviubgtardat €iviidedngnto at
conductors connected thereto in the region outside
lehetstwe reirt meggar bywher tessat brtens limi forpadt sn gsert of
j oi ned together, each of the elenents has thereon a
sn0dzsebttwaouegh hatviieky bbadudtdss ejeeeicetedl nhaceos danate
with a twelfth aspect of the present invention, there
regipn oviideidien thequild tepecthdpdieadnkav Bgidhead -rener gy
evol ving el enents that evolve heat energy to eject

pkirgsli sre WagrRId) t9gkdhbeat cedtergy @0kl eRgnel en@iitthereon
are constructed of an integral substrate, conprises

at hezz heathrengyrowheval viggipard dievicded into at | east
two maln

In accordance with a twelfth aspect of the present
invention, there is provided a liquid ejecting head having
heat-energy evolving elements that evolve heat energy to
eject liquid, wherein said heat-energy evolving elements
are constructed of an integral substrate, comprises the
heat energy evolving part divided into at least two main
parts to eject heat energy to eject liguid by at least one
slit formed in part of said substrate, having conductors
connected thereto in the region cutside the slit at the
part where said two main parts are joined together, each of
the elements has thereon a nozzle through which liquid is
ejected.

In accordance with a thirteenth aspect of the
present invention, there is provided a liquid ejecting

apparatus having heat-energy evolving elements that evolve -

heat energy to eject liquid, wherein said heat-energy
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parts to eject heat energy to eject liquid by at | east
one slit fornmed in part of said substrate, having
conductors connected thereto in the region outside

the slit at the part where said two main parts are

j oi ned together, each of the elenments has thereon a
nozzl e through which liquid is ejected. In accordance
with a thirteenth aspect of the present invention,
SRV &N Y s° FRIeRA e h 18 ICPE}EFHU%T%W£QEH dpparanlssWast Trfe.
heat - energy evol ving el ements that evolve heat energy
apGUBPedt 2197 datigereil hnshlan Hdgvw)ena@ngy hsEe eg@h Ui gigprs
el enents are constructed of an integral substrate,
caesafited Yigrety pat taentprmapdbend \Waew) ofasbiehavezag
conductors connected thereto at the turnaround part
retiehe sugrdagatpaticempiguphrt hato lvhewgriientpanergy to
evol ving heat energy to eject liquid is divided into
edect ehbquidvol patitvidiey theo dwrisrsdurishopaettef by hehe

zi gzag pattern, each of the elenents has thereon a
tnozateutdreugh afhitbke kigquag psttejrect edchsafdthé i gldntknts
ej ecting apparatus further having a primary control
haeatisemdvicha caurzde sakdudieathienengynavoliyi ageet eenisid
to evolve heat energy, thereby ejecting liquid on
1squid tdradct higptappaebgts ef ectidg elvamgnt bhigugh Saittol
nozzl e, secondary control neans which, upon contro
meAnS Wi 8 Jadewisngaithheagherairdyeasbibhagt woerdmidad
main parts to evol ve heat

evolve heat energy, thereby ejecting liquid on said that

heat energy ejecting element through said nozzle, secondary
control means which, upon control of current flowing
through at least the two divided main parts to evolve heat
energy from the conductor connected to the turnaround part
of the zigzag pattern, causes at least said twoc major parts
to evolve heat energy differing in heat energy
characteristics and to change the distribution of heat
energy imparted to the liquid on said heat energy evolving
element, thereby controlling the direction of ejection of
the liquid ejected from said nozzle.

In accordance with a fourteenth aspect of the
present invention, there is provided a liquid ejecting
apparatus having heat-energy evolving elements that evolve
heat energy to eject liquid, wherein said heat-energy

evolving elements are constructed of an integral substrate,
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energy fromthe conductor connected to the turnaround
part of the zigzag pattern, causes at |east said two
maj or parts to evolve heat energy differing in heat
energy characteristics and to change the distribution
of heat energy inparted to the liquid on said heat
energy evolving elenent, thereby controlling the
direction of ejection of the [iquid ejected fromsaid
CRBPEZLES Im aerdEaEelyi Vhskersshmeddnt(Anagpert VieFvthend
present invention, there is provided a liquid ejecting
happaratdaciens rynreatednehegeevditvithg shspaneend Hart of
evol ve heat energy to eject liquid, wherein said
theagrehex iatedwoVrishgred epant ssute therds thacnatn afarin

i ntegral substrate, 5f conprise an approxi mately
e shape digrtr tern@ngyptaneyvéew)liand! isadevédaduttior it
connected thereto at the turnaround part of the

lappt okworatatys Uyslibpetiupaatowut lpartap ft hbenappr@amtately
evol ving heat energy to eject liquid is divided into
Uashapedstantwo epaht sfbyhé hel dnamay dwsd thartonfa tihezzle
approximately U shaped part, each of the el enents has
thhengomwtai ato2zlqge idt he oerpdctvdd c s diidquiduid ef ectad;

said liquid ejecting apparatus further having a
appa i@ETys cotuhelr rRansg Wihi naeausestsal dnbers wnenrgy
evol ving el enents to evol ve heat energy, thereby
c&eed | 1 d inpuitd e@BrgRi evdBain LRAGENLE] €6t ENGL RS enmmt

t hrough said nozzl e, secondary contro
energy, thereby ejecting liquid on said heat energy

ejecting element through said nozzle, secondary control
means which, upon control of current flowing through at
least the two divided main parts to evolve heat energy from
the conductor ceonnected to the turnaround part of the
approximately U-shaped pattern, causes at least said two
major parts to evolve heat energy differing in heat energy
characteristics and to change the distribution of heat
energy imparted to the liquid on said heat energy evolving
element, thereby controlling the direction of ejection of
the liquid ejected from said nozzle.

In accordance with a fifteenth asbect of the
present invention, there is provided a liquid ejecting
apparatus having heat-energy evolving elements that evolve
heat energy to eject liquid, wherein said heat-energy

evolving elements are constructed of an integral substrate
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means whi ch, upon control of current flow ng through
at least the two divided main parts to evol ve heat
energy from the conductor connected to the turnaround
part of the approximtely U shaped pattern, causes at
| east said two major parts to evolve heat energy
differing in heat energy characteristics and to
change the distribution of heat energy inparted to
aPﬁledllrfaa?ﬂ B s Atd Usest ENerByiRRANA GO ErekBntheat
thereb¥ controlling the direction of ejection of the
eggvdte) eeted frdhdshydahokeret 9nue adddr daneedwit Rta
fifteenth aspect of the present invention, there is
1ep6vi Bedt of i gis suWjseEeing happay amsiqq:é@irﬁgconnected
heat - energy evolving el enments that evol ve heat energy
thgrefecat| tkpirhriwwdesentbai twhamiremergy ae¢of oimerd
el enents are constructed of an integral substrate 5g
tepdtbevi deakch mio thie kdampentswohadni theyardns at ooevbt vighrough
- heat energy to eject liquid by at |east one slit
vwhorhediqnidtis |egastegar sadd 1ihmuislibstacatieg hapangtus
conductors connected thereto at the part where the
fuwoheri hapiang s grémpoynednttoehetidwrs wedch okusde said
el ements has thereon a nozzle through which liquid is

hepecterdrgpgaiwblvigui dlenects ngp appdrvat heatf unéhey,
having a primary control neans which causes said heat

thaeegy eyainimg leleients éHieuate diealyyeBgedying
thereby ejecting liquid on said heat energy ejecting
element through said nozzle, secondary control means which,
upon control of current flowing through at least the two
divided main parts to evolve heat energy from the conductor
connected to the part where the two main parts are joined
together, causes at least said two major parts to evolve
heat energy differing in heat energy characteristics and to
change the distribution of heat energy imparted to the
liquid on said heat energy evolving element, thereby
contrelling the direction of ejection of the liquid ejected
from said nozzle.

In accordance with a sixteenth aspect of the
present invention, there is provided a process for
production of a liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid

from a nozzle, said process comprising forming said energy

ejecting elements in a zigzag pattern (in plan view) on an
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el ement through said nozzle, secondary control neans
whi ch, upon control of current flow ng through at

| east the two divided main parts to evol ve heat
energy fromthe conductor connected to the part where
the two main parts are joined together, causes at

| east said two najor parts to evolve heat energy
differing in heat energy characteristics and to
ipkagge! t i sfisttel batPoRCBre Hekty enscgfurhpartedto t he
l'iquid on said heat energy evolving el ement, thereby
tgspnarornd rigilitth@fd|tiﬂ§cffF@ha%fp%ﬁf@ﬁmoﬁh@febhedwlqiﬂfw the
ejected fromsaid nozzle. In accordance with a
ng iRt pent taspedveohetheengres aimr iliventi eonect har elrite
provi ded a process for production of a liquid
tepepding dreahidaviinglhcataenergpygy evollving el @wmert.s
that evolve heat energy to eject liquid froma

nozzl e, Aséi s pragess meonpisstcogeéored ng thaedleégeidy
ejecting elements in a zigzag pattern (in plan view
epactimdhdant égvahgshbst ratergiardcdeningctiagerats that
conductor to the turnaround part of the zigzag
epalterhzatt heveeby dbvetkhdly lTheiidyawhepath tioe ewodtrenergy
heat energy for liquid ejection into two parts on
esal disd ngdletndintat aesetgysemadddd@ relaemeategAalli r st
enbodi ment is concerned with a liquid ejecting head
shiayt Agtdeads aned @y AvRlay Ratelanentis pbhah vewpl vesheat
energy to eject liquid, wherein the heat-energy

have cenductors connected thereto at the turnaround part of

the zigzag pattern, and each of the elements has thereon a

nozzle through which liguid is ejected.
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evolving el enments are constructed of an integra
substrate, assune a zigzag pattern (in plan view), and
have conductors connected thereto at the turnaround
part of the zigzag pattern, and each of the el enents
has thereon a nozzle through which liquid is ejected.
51 The heat energy evolving elenents are divided into
a plurality of segnents b{ t he conductor which is
formed TBe Rerd (WSFEYOGHALFARE otenat szipgeagipatedr te
In_other words, those parts of the substrate which
AP 5} Hoemt £69meaER Byhehe @PrAuEher twhidr o pared
bet ween, substantially function as the heat evol ving
apakbhe Whtedr @unl vetef tbaerdyzeo kgteern.i dui gther
Because of this structure, the heating elenents
Wit | Brrses Pefrtehef helae wwitviatg phitrd ane eadmwratt do
in series through the conductor. Another enbodinent is
egomcerhrad wiitth ahei guithrejrettiary bppaeatussmdangially
heat - energy evolving elenments that evolve heat energy
Twoce}actad ithei deabhervel nindgdeat whenbkr gyebwolhdanty
el enents are constructed of an integral substrate,
eRSSINTE @ Ziegzafigatd erBedduseplcan thii ewst ramdi gy eche
conductors connected thereto at the turnaround part of
hédeing i gzage et tfeimr tdweh atshadtf the ABhor epaltigyobyibg
heat energy to eject liquid is divided into at | east
at@cqatdcedd)nt Beri &g natosngh pavet cohdtibeozi gzag
pattern, and each of
Another embodiment is concerned with a liquid

ejecting apparatus having heat-energy evolving elements
that evolve heat energy to eject liquid, wherein the heat-
energy evolving elements are constructed of an integral
substrate, assume a zigzag pattern (in plan view), and have
conductors connected theretb at the turnaround part of the
zigzag pattern such that the major part evolving heat
energy to eject liquid is divided into at least two parts
by the turnaround part of the zigzag pattern, and each of
the elements has thereon a nozzle through which liquid is
ejected, the liquid ejecting apparatus further having a
primary control means which causes the heat energy
evolving elements to evolve heat energy, thereby ejecting

liquid



the el enents has thereon a nozzle through which liquid
is ejected, the liquid ejecting apparatus further
having a primary control neans which causes the heat
energy evolving elenents to evol ve heat energy,
thereby ejecting liquid 6 on the heat energy ejecting
el e n&ﬁthrou h the nozzle, _and a secondary contro
Oﬁeﬁﬁg ?Ehe%gﬁ%%sehﬁcﬁjéb%te]t%‘éentt WELEPEr th&r PeZEde
evol ve heat energy differing in heat energy
2BRafaBEEPTLRFEsCHN o MAtige i Giedeerbati dfagk the
heat energy inparted to the liquid on the heat energ
tEGolGi A BFERENTC THRYEDYVINtTH NG §iERe rdPPedni Bﬁagf
ejection of the liquid ejected fromthe nozzle. The
CREAPY bR HIC VOIS HEF & shangeditfieded stirabytapn of
| east two mmin parts to evolve heat energy to eject
hpR{URBEBYY t HeP oIl ciortivvhildiuis! foor rb@ Aeathenergy
turnaround part of the zigzag pattern. In other words,
evhogenpart el acemray emui wtlddng whehdimection of
turnaround part between, substantially function as
ef het heat o Bviohe i igiuighraie ol f rowolthe heatlenergy to
eject liquid. Because of this structure, the heating
el ement Sh¢ uned § omersgy fevdlhelnmial gpantts are dammdetied
in series through the conductor. The primary contro
inmeanst ched sl tsveejmecitri graafs to evolve heat energy to

eject liquid by the conductor which is formed at the
turnaround part of the zigzag pattern. In other words,
those parts adjacent to each other, with the turnaround
part between, substantially function as the heat evolving
parts which evolve heat energy to eject liquid. Because
of this structure, the heating elements function as if
the main parts are connected in series through the
conductor.

The primary control means controls ejection of
ligquid, and the secondary control means causes the heat
energy evolved by the main parts to vary in heat enerqgy
characteristics. In this way it is possible to change
the distribution of heat energy on the heat evolving
elements and to control the direction of ejection of

liquid ejected from the nozzle.

Another embodiment



liquid, and the secondary control neans causes the
heat energy evolved by the main parts to vary in heat
energy characteristics. In this way it is possible to
change the distribution of heat energy on the heat
evolving elenents and to control the direction of

ejection of liquid ejected fromthe nozzle. Another
enbodi ment 7 invention is concerned with a process for
produci ng a quuid ejecting head for ejection of

oma noz

sh¥shhigh %ﬁe?396%98$9 R L e
t I I t st ted of
ks 2%%%5%%/8a%/‘laegga Qe S B eyt pLfE LNt TP @?Qﬁzzle
duct ted . th t t
’?‘ﬁrlﬁ%? Sndie DB Ee CONEHE) P LRRSY & nedlShRraY $fiSLving
el e is divided into at

|
MR w%@%wv?&ﬁ&@%W&wmwaﬁﬁw%am
f t f t Fi
sec%%gﬁ%ﬁqi BTt TRAAR, vt of %h%zag
. to 2G t | h
PL0ter @l?ﬁ%téxéPfﬁﬁ%%ﬁ%?%$ P e o e FeG
ﬁllegreéo at ac}’Pe acnul_ynl.ael%L?r];d tplﬂ]a(:'\rtm:'\o tq'ge e?llegzag pattern such

that the heat-evolving element is divided into at least

means of heat energ¥ Eggkged

two parts which evolve heat energy for ligquid ejection.
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Figs. 4A and 4B are resistor networks representing the
heating elenments. Fig. 4A shows the entire structure,
and Fig. 4B shows an equivalent circuit for analysis.
Figs. 5A and 5B are di agrans show ng the distribution
of calorific value. These diagrans were obtained from
a sanple in which the spacing DL is 2.5 pm Figs. 6A
and 6B are di agranms showi ng the distribution of
calorific value. These diagrans were obtained froma
sanple in which the spacing D1 is 1.5 pm Fig. 7 is a
graph show ng the relation between the applied

Breefr DespenptiéM) oanehéheraRi 8g9f ink ejection
(ms), with the spacing D and D2 (shown in Figs. 6A

and 6B) yagied.iEi g. s8:t8c8.86L:i0§ QH&Wfﬁ% the layer
m cr ophot ographs showi ng the heat evol ution by

Qggﬁbegrglng@ﬁé hgééh the spacing DI varied fromO0.8

pmto 3.0 8 Fig. 9 is a graph showing the relation
bet ween I r 0 and .t he rat
of i nk i%%t?%% %§d2§ §§é %g?ﬁe&§£%6¥%% ShOWlQﬁig%e

(5900502 Ao 00 SR AP G,
power tOE‘St ar§ EA eCtplan view of the heating element.

Figs. 4A and 4B are resistor networks
representing the heating elements. Fig. 4A shows the
entire structure, and Fig. 4B shows an equivalent circuit
for analysis.

Figs. 5A and 5B are diagrams showing the
distribution of calorific value. These diagrams were
obtained from a sample in which the spacing D1 is 2.5 pum.

Figs. 6A and 6B are diagrams showing the
distribution of calorific value. These diagrams were
obtained from a sample in which the spacing DI is 1.5 um.

Fig. 7 is a graph showing the relation between
the applied electric power (W) and the rate of ink
ejection (m/s), with the spacing D1 and D2 (shown in Figs.
6A and 6B) varied.

Fig. 8 is a set of optical microphotographs

showing the heat evolution by heating elements, with the

spacing D1 varied from 0.8 pm to 3.0 um.



Fig. 11 is a schematic di agram show ng the primry and
secondary control neans. Fig. 12 is a plan view
showi ng anot her enbodi ment of the heating el ement.
Figs. 13A to 13C are plan views showi ng the heating
el enents of related art, which are of one-piece,

t wo- pi ece, and three-piece structure, respectively.
Best Mbde for carrying out the Invention A description
will be given bel ow of one enbodi nent of the present

i nventi obigith iefererehtshehing acdeonpaiytiingn between
drawi ngs. The configuration and the fabrication nethod
bhe appliedueteefett ipgvdreadi) hei®i tied terte aktbriewt at ed
as "head") will be described first. The head 21 has a
sgettboal (hayps withicthg esSd@wy iml Rgridd @agh id.d %o
fabricated by several steps which are sequentially
shewmm.in Figs. 2A to 2G 9 Fabrication starts with
the first step of formng silicon nitride film

(Si 3N4) prga o tyde s ﬂgquoes Ilg{a{rﬁe l?éa(e/f@‘neraetw&%

silicon substrate 26 un hogr aphy and

Eﬁécéﬁé’@lr?é Chi Noh Btaps eSJ.Q:TéM t erc"’éd %%IEH IJEQZ%lOI'l

I mis renoved by the oxidatio except

'n the f%‘)”ll"“!ﬁ{% tsrcﬁ‘fgt{asg crsdl%gram showing the

primary and secondary control means.

Fig. 12 is a plan view showing another embodiment
of the heating element.

Figs. 13A to 13C are plan views showing the
heating elements of related art, which are of one-piece,

two-piece, and three-piece structure, respectively.

Best Mode for carrying out the Invention

A description will be given below of one
embodiment of the present invention with reference to the
accompanying drawings.

The configuration and the fabrication method of
the liquid ejecting head {(hereinafter, abbreviated as
“head”) will be described first. The head 21 has a
sectional layer structure shown in Fig. 1, and it is
fabricated by several steps which are sequentially shown

in Figs. 2A to 2G.



formed. Thus, the silicon nitride filmremains only in
the region where transistors are forned on the silicon
substrate 26. In the next step, silicon oxide filmis
formed in the region where the silicon nitride film

has been renoved by thermal oxidation. This silicon
oxide film functions as the elenent isolating region

27 to isolates transistors fromone another. In the
transistor-formng region is forned the gate in |ayer
struct ur Eabohpatédnoftatrtiagsieh shé¢itide; pobysofif@ming
and thermal oxidation. The silicon substrate 26
ghdérgoesitondé nplant 45ian)apd zop-dapboBisecbhatubBerate
source-drain region is formed. In this way the MOS

ggpewbfansi stThe 281 asdn20uisserd©s negl. ukds fgodde
transistor 28 is a driver transistor to drive the

heahbggagher@nd 22a&eivaeat cBed B &9l M Neha el fent) ,
and the transistor 29 is a transistor constituting

shei boh egf 8t £k CF L CHi istP@rEo@@é‘tﬁ%t%}énﬁ% 1 tEeNed sty

28. Incidentally, the transistor s 10

exrbegt et Has: & ovpcopcentt aty ddrfafrrtsleves ﬁayaer_re

bet ween the gate and the drain

FLEFLSO! Y8 i 0 oS0 IR AU S 0V
?%c?n%eegéjl hﬁletfea Sz_l Sﬁsolrsstozrss a}51”1:63 orme& %rx]q f]c%ve sbl icon
substrate 26.

In the next step, silicon oxide film is formed in
the region where the silicon nitride film has been
removed by thermal oxidation. This silicon oxide film
functions as the element isolating region 27 to isolates
transistors from one another. In the transistor—forming
region is formed the gate in layer structure composed of
tungsten silicide, polysilicon, and thermal oxidation.
The silicon substrate 26 undergoes ion implantation and
oxidation so that the source-drain region is formed. 1In
this way the MOS type transistors 28 and 29 are formed.

Here, the transistor 28 is a driver transistor to
drive the heating element 22 (or heat-energy evolving
element), and the transistor 29 is a transistor

constituting the integrated circuit that controls the

transistor 28. Incidentally, the transistor 28 in this

10



on the silicon substrate 26 as nentioned above, are
covered sequentially with PSG filmand BPSG fil m 30,
whi ch constitute the first interlayer insulating film
The PSG filmis a silicon oxide filmcontaining
silicon added by CVD process. The BPSG filmis a
silicon oxide filmcontaining boron and phosphorus.
Reactive etching with C4F8/ CO 02/ Ar gases, which

foll ows photolithography, is perforned to make the

enphtatheol lta81a Olowheostdh it S ConEluctet xH fdusi on
| ayer (source-drain). Layers of titanium titanium
betwede tied rgLte B8 athe tdiaih UM ANd-SI1dEon-cf
copper-containing alumnumare formed sequentially.

dect AP1 y L rahs t&WEEEO- I My @k A d e I LT AH QN region,
coating of titanium nitride. These lam nate | ayers

S61¥8a{ Uic 441G RO SRRy N WIS Patdsrn.d aver i

sel ectively renoved by photol’ithography and dry

FLONL 1030 B 18 o 400 ARLIEINA2 b, e
SRSAE I AL 28 SN 0 b6 e st
SHLIER G oSl e, 3(02IE. 5 1 gy e
which constitute the first interlayer insulating film.
The PSG film is a silicon oxide film containing silicon
added by CVD process. The BPSG film is a silicon oxide
film containing boron and phosphorus.

Reactive etching with C4Fs/CO/0;/Ar gases, which
follows photolithography, is performed to make the
contact hole 31 on the silicon semiconductor diffusion
layer (source-drain).

Layers of titanium, titanium nitride barrier
metal, titanium, and silicon- or copper-containing
aluminum are formed sequentially. The top layer is
covered with an anti-reflection coating of titanium
nitride. These laminate layers serve for wiring pattern.
The wiring pattern layer is selectively removed by
photolithography and dry etching, so that the first
Wiring pattern 32 is formed. With the first wiring

pattern 32 connected to the transistor 29 constituting

11



film33 of silicon oxide. The interlayer insulating
film 33 is planarized by coating (wth a coat-type
silicon oxide including SOG and ensuing etchback.
This step is repeated twice. In this way the
interlayer insulating film33 is forned between the
first wiring pattern 32 and the second wring
pattern. In the step shown in Fig. 2B, a tantalumfilm
is fornmed by sputtering on the interlayer insulating
themi33vindnclipoetessany pagicointBgriasdatimadit Mmd s
renmoved by photolithography and dry etching with
BEtaL€12 gas. In this way the heat evol ving el enent
22 is fornmed. In the step shown in Fig. 2C, a silicon

nitride Cﬁb'ﬁkb§e§9rﬂPQhbTE@%E%9é9§§§§hoi§s§ﬁ%%§s as

the protective film23 for the heat evolVving el enent

§2(ot{Hsthelgeﬁér§$§ﬁb&h§ N d By FL G gﬁ%cf%%?ég LA dSing

Ilicon nitride filmare renove

ppphoksth gé??gé(oﬁn(gxlc%y efgdi ﬂ%g‘%i%ﬁ%"ﬁf% lA%{tﬁfn% film

gas, SOt at the region for connec

AT S5 RO G
Lol O SLLE, 12,dn e step. o, [0 L 50
f%‘%%c# e‘%ﬂ}tﬁl:eg ﬁ maIunmth:LSsI lv\lracjy? ntheorlr?toerlearyerTTnSSIJ!l%ytelrng
film 33 is formed between the first wiring pattern 32 and
the second wiring pattern.

In the step shown in Fig. 2B, a tantalum film is
formed by sputtering on the interlayer insulating film 33.
An unnecessary part of the tantalum film is removed by
photolithography and dry etching with BCl3/Cl; gas. In
this way the heat evolving element 22 is formed.

In the step shown in Fig. 2C, a silicon nitride
film is formed by CVD process. It serves as the
protective film 23 for the heat evolving element 22. In
the next step shown in Fig. 2D, specific parts of the
silicon nitride film are removed by photolithography and
dry etching with CHF3/CF4/Ar gas, so that the region for
connection to the wiring pattern (electrode) of the heat

evolving element 22 is exposed. The via hole 34 is made

in the interlayer insulating film 33.

12



titaniumnitride film which serves as the anti -
reflection film In this way the wiring pattern 35 is
formed in the head 21. In the step shown in Fig. 2F,
the wiring pattern 35, which has been fornmed by
photol i t hography and dry etching, is selectively
renoved, so that the second wring pattern (for the
el ectrode 36) is formed. The wring patterns for
power source and grounding are formed by using the
el ect r odén38hassaepaskowanint hegw 2EnNgsppiatéelmy tios
connect the transistor 28 to the heat evol ving

pkefenned?2tbs fhemmad.] alvee dentalunindmhe-ditotiestigve itanium,
| ayer 23 of silicon nitride, which remains on the

sppecohpyer coppéhe herds eV & NPs eb&PBRLG 24 tiprot ect s
the heat evolving elenent 22 in the etching step to

totanibe netechsode1mb. which heeStEP shown i g. 2G
the protective layer 24 of silicon nitride (which

tupckionsn asithe i ik upi@t&%ngger 'go f{%ge agsaﬁcgmdséoyls

CVD process. The substrat treat nent

FOrRed U HaCE. Wid Ly &y at mosphere of nitrogen or
hydr ogen-contai ning nitrogen. This heat treatnent is

|t endec] BT SALE S 0081 LS00 L0 agonn
y@}rbﬁlé%fﬂéé“beeﬁ'fé%ﬁggt§¥wkﬁ%% lﬂ:hography and dry
etching, is selectively removed, so that the second
wiring pattern (for the electrode 36) is formed. The
wiring patterns for power source and grounding are formed
by using the electrode 36 as a mask, and the wiring
pattern to connect the transistor 28 to the heat evolving
element 22 is formed. Incidentally, the protective layer
23 of silicon nitride, which remains on the upper layer
of the heat evolving element 22, protects the heat
evolving element 22 in the etching step to form the
electrode 36.

In the step shown in Fig. 2G, the protective
layer 24 of silicon nitride (which functions as the ink
protecting layer) is formed by CVD process. The
substrate undergces heat treatment in a furnace with an
- atmosphere of nitrogen or hydrogen-containing nitrogen.

This heat treatment is intended to ensure stable

13



second wiring pattern 36 (as the el ectrode 36),

t hereby reducing contact resistance. Subsequent steps
are carried out to formseveral parts as shown in
Fig. 1. On the heat evolving element 22 is forned the
anti-cavitation layer 25 fromtantalum by sputtering.
Then, the dry film41l and orifice plate 42 are
sequentially formed. The dry film41l is an organic
resin filmattached to the desired position by

pressthgns i df i Sheur eshaf 45 & enpvalqg ofg thase-patdSure
corresponding to the ink chanber 45 and the ink duct

§068 comoxiodhei ok i fheer phat 6,42 A5 il &in Sﬁ;?eéndd the
maae

having the nozzle 44 (a tiny ink ejection hole

abeygd tiher Ngat 1&}@&’@1@1&’@‘@ gl el ezlged:t!rtoc%%dg@n,gﬁ%lél%by

the dry film The resulting he I nc

POZEL En F oot Nke fg%ﬁg%%é45' and the ink duct that

leads ink to the In r 45. Thus the heat

Yot AR 2% e U e P WS LM geran
SR A N S e g
20948 A SR e L (the b er Loy Lpsulacing,
k?lyﬁ @rp%t%%i%7 . V%hl'je%h, zjil:rl'lee %rrryar]fglel(rjn (icivwgvr\%r %rfirf(:)trcr:]et rIlnelate
42 are sequentially formed. The dry film 41 is an
organic resin film attached to the desired position by
pressing; it is cured after removal of those parts
corresponding to the ink chamber 45 and the ink duct (not
shown). The orifice plate 42 is a flat sheet having the
nozzle 44 (a tiny ink ejection hole)} made above the heat
evolving element 22. It is bonded to the dry film 41.
The resulting head includes the nozzle 44, the ink
chamber 45, and the ink duct that leads ink to the ink
chamber 45.

Thus the heat evolving element 22 of the head 21
has the layer structure including the anti-cavitation
layer 25 of tantalum, the protective layers 23 and 24 of
'silicon nitride, the heat evolving element 22 of tantalum,

and the silicon oxide films (the interlayer insulating

film 33, the BPSG film 30, and the element isolating
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chanber 45 on the silicon substrate 26. In the head
fabricated as nenti oned above, each ink chanber 45
has one heat evolving elenent 22 and one nozzle 44
above the heat evolving el enent 22. A detailed
description will be given below of the heat evolving
el ement 22 which is shown in Fig. 3 (plan view).
Incidentally, the cross section taken along the 1line
X-Xis shown in Fig. 1. As shown in Fig. 3, the heat

e¥giynng7 ) emenéh 22re | HEFAEQSA ad Sk 21 unehinvitded ink
substrate 1, and it assunes a zigzag pattern in plan

¥heMbe 7 hes zh9zage Pat 18£S BYL 00k e Idke a character g,
U N or W which may be upright, inverted, or

i nclinedry Thge Zﬂ@&@%ﬁ%f@é%&%é& Fifbg abdve aréacéu

i nverted u-shape having the slit 22c extendlng upwar

LAt ot P JEIE o fd 1 e 3 JHF o
Lol U ol | UL LAV Ol g o0 . shape
219520 PEASED (o1 G, RRECPOLL e s
%ﬁ?c%%%’ﬁﬁﬂéfﬁgte fortrzﬁ)e n the he Eﬂﬁféﬁéﬁggf elegﬁ
v1ew) Incidentally, the cross section taken along the

line X-X is shown in Fig. 1.

As shown in Fig. 3, the heat evolving element 22
includes a single undivided substrate 1, and it assumes a
zigzag pattern in plan view. The zigzag pattern may look
like a character I, U, N, or W, which may be upright,
inverted, or inclined. The zigzag pattern shown in Fig.
3 is an inverted Ill-shape having the slit 22c¢ extending
upward from the center of the loﬁer side.

In Fig. 3, there are shown three electrodes
(conductors) 36, two of which are at the lower prongs of
the inverted U-shape and one of which is at the
turnaround part of the zigzag pattern (or the upper part
the spacing Dl away above the top end of the slit 22c¢ in
Fig. 3). These electrodes 36 are formed on the heat

evolving element 22.

The substrate of the heat evolving element 22 is
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an integral one; however, the el ectrodes 36 arranged
as nentioned above nmake it resenble the segnented
heat evolving elenents A and | B shown in Fig. 13B.
The two parts surrounded by a chain doubl e-dashed
line in Fig. 3 are the parts 22a and 22b that evolve
heat energy to eject ink. (These parts will be
referred to as "main heat evolving parts”

herei nafter.) The main heat evolving parts 22a and

22biategeabnest ethdwe e Phdesletbroigh Iheetatddddss
36 formed at the turnaround part of the zigzag

peht ebhed! Bbaddihivd, 14 tréSemest rabd esddiddnddte HEM
heat evolving parts 22a and 22b shoul d be j uxtaposed

8So3HONG elBn&hds Ba Jﬁlﬁslm’iféﬁ&eﬁ”ﬁ@w&{ thes maithhealo

evolving parts 22a and 22b is simlar to that of the

NP Pi 868roheAa eﬂ?g&’n'é}gafﬂ e&'@t%fejr%%{%]i%tr%q’w El'lrb' 3

Ig. 13B. In addit , as shown 1n
C t t d t.he zj
%%%t%%%d§%§?% ?%% Qﬁ%dggﬁq%ﬁ si%é?iiﬁ;ﬁﬁﬁ#lﬁﬁ% g%%
ljt, 22c,he en _.the pr s of.-the shaped,  _.
oS i L hRRRE T VR I st s S B pe o
words, there is the, spacin whi ch is greater than
Ry Wl Teh R L SR e e | 300 oM e TRt  0de
36.. The foll ow expl ains the reason why the spacing
G(\[j)])VJSFh%Lﬁqurt‘b% ?&rgaeé}rgir 225 1% mrAnnected to each other

through the electrode 36 formed at the turnaround part of
the zigzag pattern.

In addition, it is desirable that the main heat
evolving parts 22a and 22b should be juxtaposed as shown
in Fig. 3. This arrangement of the main heat evolving
parts 22a and 22b is similar to that of the two-piece
heat evolving elements 1A and 1B shown in Fig. 13B.

In addition, as shown in Fig. 3, the electrode 36
at the turnaround part of the zigzag pattern is in the
region outside the top end (L} of the slit 22c between
the prongs of the l-shaped pattern of the heat evolving
element 22. 1In other words, there is the spacing D1
{which is greater than 0 mm) between the L and the edge
36a of the electrode 36.

The following explains the reason why the spacing

(D1) should be greater than 0 mm.
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16 The rel ated-art process for producing the head 21
i ncl udes coating the heat evolving elenent 22 with

al um num and then renovi ng al um num covering the heat
evol ving el ement 22 by dissolution with a chem ca
agent. The di sadvantage of this process is that pure
alumnumis weak and liable to break. To ensure
sufficient strength, pure alum numis replaced by
alumnumalloy with silicon or copper, thereby

preventi mget belbteakage. pSuebsal Bot nprp@hd Dyg trenevedd 21
| eaves silicon or copper as dust on the heat evol ving

ehelredts220Wbengi thé She 8t SERL VLN HYe Befdien £aly, Agent .
As an alternative nethod, dry etching is enployed to

AE0RYBuRl BANNEARN DERSRYSER AN ¥1 &h SRR O SALUSESy Sithd GRIL1OT
copper to conbine with alum num chl oride and bl ow away

&ﬁ%y{rih@gei@ﬁéﬁt‘eﬁz y%%é%%i%%iox‘i‘%‘f&’}?ra kSé}!tr’j'hcfeaels et

eat evdlving elemen o protect ed _
BRSLAFLANGR RS 58 O3 hOEN, LT UAR, AU o 1
RSP P £ A0 50 1t Logls, B c oA oL s e,
SOSH AR AL S e 3 D STt DL e S
c? E t ca (%(I?ed r ,p ggﬁe 1_[eebs§J | grsevirenntainn gu ntnheeC %Srse%rkyage .

Such aluminum alloy, however, leaves silicon or
copper as dust on the heat evolving element 22 when it is
dissolved by a chemical agent.

As an alternative method, dry etching is employed
‘to remove aluminum, because dry etching causes silicon or
copper to combine with aluminum chloride and blow away
resulting residues.

Dry etching, however, requires the heat evolving
element 22 to be protected by the protective layer 23 of
silicon nitride because it slightly attacks the heat
evolving element 22 of tantalum. Dry etching also
attacks that part of the underlying silicon oxide film
(such as the interlayer insulating film 33) which is not
covered by the heat evolving element 22 when the via hole

34 is made. The attacked part results in an unnecessary

step which cannot be filled with the protective layer 23.
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step which cannot be filled wth the protective |ayer
23. 17 This brings about poor insulation. The
foregoing trouble is avoided by form ng the electrode
36 of alumnumin that region of the heat evolving

el ement 22 which is outside the top end (L) of the
slit dividing the prongs of the L[-shaped pattern. The
spacing (D) exceeding O nm produces the follow ng
effect. Current applied to the heat evolving el enent

2RiE| owbsns cabdhe padbn heehleyvDdyi ng part 22a to the
mai n heat evol ving part 22b through the el ectrode 36

and the BpacidgedbindstibebsPars ngrd deaopeso e he
current concentrates nore at this part, thereby

6DapgtHGe thecstat enplufiest @yl UtdPihd b hend egipn of
the heat evolving elenment 22. Therefore, wth the

EPSCHIGy Dbl P MZeghi bt M | L8 ROSSIP! 64 0 0Pt iH 28
the distribution of heat evolution in the region of
Vi t
hog TE00 TR PBMeg i, S IR i
i ncl ude e ' e evol vin ts 22a and 2
cont i nugruﬁsg]t r ou:{g]??t s pea)%ﬁenegcgﬂéo?’; g t?alioqa‘hceersezc%e
rs. |l ess.variation in flush at thetHet of current
I

]gopp Sveatd oerF%%cdt 1 her & 5 s 2 HRSE % 4% atppvolving
e(ipéniter}lacl 2V2a|foL%wosf grho?n 3 aeCimna nuher?ty ekx)r%lving part 22a to
the main heat eveolving part 22b through the electrode 36
and the spacing Dl1. As the spacing D1 becomes larger,
current concentrates more at this part, thereby changing
the state of heat evolution in the region of the heat
evolving element 22. Therefore, with the spacing DI
optimized, it will be possible to optimize the
distribution of heat evolution in the region of the heat
evolving element 22.

The advantage of the heat evolving element 22
which is not divided but includes the main heat evolving
parts 22a and 22b continuous through the spacing D1 is
that there occurs less variation in flush at the time of
current application and there exist less satellites.

An optimal value of the spacing D1 may be
established as follows.

Figs. 4A and 4B show resistance networks
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establ i shed as follows. Figs. 4A and 4B show

resi stance networks 18 representing the heat evol ving
el ement 22. Fig. 4A shows the entire structure and
Fig. 4B shows an equivalent «circuit for analysis. The
one shown in Fig. 4A consists of unit resistors of
tetragonal lattice, with the entire region assumng a
square and the central part (corresponding to the
slit 22c) renoved. The heat evol ving el enent 22
aeppedengitg thé shesnbeds entg habehdier fod ) owrng., 42 shows
di nensions. Spacing DI is 2.5 pm Spacing D2 is 21
phe Spaciags DBudbuze phd Theg, over s dwaM £ el e deat
evolving element 22 is 20 pm Incidentally, D2 is the

di staneerbet yeenyshe, e'fﬁéréﬁgféﬁbwﬁfﬁntﬁﬁhtuﬂﬂﬁﬁﬁﬁﬁ%ts

part) and el ectrodes 36 at the opp05|te Mﬁt

BB @nb@afeﬁ@tté&é‘goﬁaié@r%fﬂqa@lndl% entire

between them). In other substantla Iy

e R N
e 084 220 L d A gl tage of 201
et vor o TR SEL ;rf”t il 1 belanced g henee
éHB@éﬁment has the following dimensions. Spacing D1 is
2.5 pm. Spacing D2 is 21 um. Spacing D3 is 2 pm. The
overall width of the heat evolving element 22 is 20 um.
Incidentally, D2 is the distance between the electrode 36
(at the turnaround part) and electrodes 36 at the
opposite, with the main heat evolving parts 22a and 22b
interposed between them). In other words, D2 is
substantially the length {(in vertical direction) of the
main heat evolving parts 22a and 22b in Fig. 3. D3 is
the width of the slit 22c.

It is assumed that a voltage of 2V is applied
across the electrodes A and B of the resistor network.
The electric potential is balanced and hence is zero at
the central part of the spacing D1. This may be
represented by an equivalent circuit shown in Fig. 4B.

This equivalent circuit denotes that the voltage (V) is

applied to the electrode A or B on the assumption that
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represented by an equivalent circuit shown in Fig. 4B.

This equivalent circuit denotes that the voltage (V)

is applied to the electrode A or B on the assunption

that 19 all the zero points connected together are at

the ground potential. This analysis gave the current

distribution which permts the cal cul ati ons of

el ectric power generated by individual resistors. The

t hus cal cul ated distribution of power consunption or

heat tnuolzakbogao_ihﬂst@é@ﬁe@tedr@égr Sihés SHOWE ithd i @Sound

5A and 5B and Figs. 6A and 6B. he result in Figs. 5A

BBechBiwas obtained froma sanple in which the

spacing D1 is 2.5 pm and the result in Figs. 6A and

6B was o n SAPL L |

is 1.5 pﬁl]tlgf n%?%i%gf%a% thelge %\Pu%rgg &s%etvﬁ%ﬁ%l% Hlicn
u t evoIV|

R L S L T S e

The I
Leamplanst oo The fe] i belpest cﬁﬁgezqw&%ﬁwn
%ﬁI%eS dqgendln 50N dlnEQ§|ons of, the spaC|n% and

S wlS 5 TR Lutiop, ol dd 7 of
e s acln DI and D2 used in the ex erlnent are as
J?ao } owy 1in g‘lgspm Aypnd HB m Figs. 6A and 6B.

The result in Figs. 5A and 5B was obtained from a sample
in which the spacing D1 is 2.5 um, and the result in Figs.
6A and 6B was obtained from a sample in which the spacing
Dl is 1.5 pm. 1Incidentally, these figures show the
distribution of heat evolution on the heat evolving
element 22 but do not show the distribution of actual
temperatures.

The relation between the applied electric power
(W) and the rate of ink ejection (m/s) varies depending
on dimensions of the spacing D1 and D2 (in Fig. 3) as
shown in Fig. 7. The dimensions of the spacing D1 and D2

used in the experiment are as follows.

(1) DI = 0.8 pym, D2 = 22.5 um
{(2) DI = 2.0 um, D2 = 22.5 um
(3) D1 = 4.0 pym, D2 = 22.5 um
(4) Dl = 6.0 ym, D2 = 22.5 um
(5) D1 = 2.0 pym, D2 = 23.0 um
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(2) D = O pm D2 =22.5 pm (3) D = 4.0 pm D2
22.5 pm (4) D =6.0pm D2 =22.5pm (5 D =20
pm D2 = 23.0 pm20 (6) D = 4.0 pm D2 = 24.0 pmln
the six experinments nentioned above, the spacing D3
was kept constant at 0.8 pm The results of
experinments show that the sanple wth the spacing D
of 2.0 pmis better than that with the spacing D2 of
0.8 pmin the rate of ink ejection by about 15 to
2@6% bt +s4abspmpobed=thatothe rate of ink ejection
is much lower in the case of sanples having the

spaehBgsbk 8kpdrOnBhes hah8ebneFULLHRE eXREripBM Sy D3
were carried out to find the optinal |ength of the

§Q§CkQ§tDE0ng9aﬁp| te@d? ﬁ%he rel ation between the

el ectric power applied heat evol vi ng elenent

22 and thger ]@\%gui’{s'@i‘ gﬁéﬁ&%%ﬁ@ﬁ%easshéﬁ ﬁ?&ﬁ%{ A e

the heat-evol ving spots evol'ving e eneﬁt
observed th_the length o aci
GErNaRr SR EE R ML Qe 200 P e dre e ot dgrpeLt
ow ng the at _e ution of the heatjng el enents 2
%\?\ﬁ Jen%e’gf i %1 %Hﬂ%t%ﬂ zti“%rléatb%%é%)ln kigIP e %Y

about 15 to 20%. It is also noted that the rate of ink

ejection is much lower in the case of samples having the
spacing D1 of 4.0 pm or larger.

Further experiments were carried out to find the
optimal length of the.spacing D1. To this end, the
relation between the electric power applied to the heat
evolving element 22 and the rate of ink ejection was
investigated and the heat-evolving spots on the heat
evolving element 22 was 6bserved, with the length of the
spacing D1 varied.

Fig. 8 1s a set of optical microphotographs
showing the‘heat evoiution of the heating elements 22
(when the heating elements 22 are baked), with the
spacing Dl varied from 0.8 pum to 3.0 pm and the spacing

D2 kept constant at 20 um.

It is noted from Fig. 8 that the shape of heat
evolving spot remains almost the same for the spacing D1

of 0.8 teo 1.2 pum but begins to expand upward as the
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spacing DI varied from0.8 mto 3.0 pmand the spacing
D2 kept constant at 20 pm It is noted fromFig. 8
that the shape of heat evolving spot remains al nost
the sane for the spacing D of 0.8 to 1.2 pm but
begi ns to expand upward as the 21 spacing D exceeds
1.6 m Wth the spacing D of 2.2 pm and | arger, the
heat evol ving spot assunmes an inverted U shape
because current flow ng through the spacing D

ppadontnel esxcéedthe, seghl t wihe spbsigatidy Bress of .2 um
heat evol ving spots (or the area of the main heat

exal Yange PAr t Be 2Raa ANgv@ 2RI ngesp 8asessuMds hat Nehverted U-
spacing D of 2.6 mand | ager, the concentrated

SHEPEMbe bSusODSEF Ve | P14hen p@%&g?ﬂ gh&l Qpa&ﬁ@?yvg

the rel ation between the applied ectric power

BREqbRENSBLS. Pf%£[‘ né&l £LL4L PO, gﬁé)suﬂg@é?ﬂ@c‘?‘l obser ved

In sanples, wt e spaci ng vari ed rom0.8 to
R PRrabtils RLER Pk B et iR ong
B0kl WRELOR L Lol S0 8L Ot 0 id acin
GIEEEMIN G  EINCER RLE
gltjéerli:xpeué aibrll etlgeo sfgpaecing D1.

Fig. 9 shows the relation between the applied
electric power (W)} and the rate of ink ejection (m/s)
that was observed in samples, with the spacing D1 varied
.from 0.8 to 2.6 pm.

,It is noted from Fig. 9 that the samples do not
greatly vary in ejection characteristics so long as the
spacing D1 is in the range of 0.8 to 1.4 um. However,
the samples with the spacing D1 in the range of 1.6 to
2.0 pm get the high rate of ejection soon with a smaller
amount of electric power. This is attributable to the
heating spot that expand toward the spacing Dl1. By
contrast, the samples with the spacing D1 of 2.2 um and
above are as slow as those with the spacing D1 in the
range of 0.8 to 1.4 pm to get the same rate of ejection.

With the spacing D1 increasing to 2.4 and 2.6 um, the

rate of ejection decreases for the same amount of
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heati ng spot that expand toward the spacing D . By
contrast, the sanples with the spacing DI of 2.2 m and
above are as slow as those with the spacing D in the
range of 0.8 to 1.4 mto get the sane rate of
ejection. Wth the spacing D increasing to 2.4 and
2.6 pm the rate of ejection decreases for the sane
anmount of 22 electric power. The reason for this is
that the current passing through the spacing D

pledepiBapeferas @appar&Atonffom thes heatiNge sPRd Scurrent
shown in Fig. 8, wth the result that the substanti al

peeainh BRabhge SROsH5EILESES ﬁﬂé’doxﬁﬂ?a%%nés of peadnt

energy transmtted to i nk decreases. Fig. Is a

araRh:gBOMERG: hhes L6k at Lo, Del yeen, | t@,elff’@ﬁi 09 qdeﬁﬁdc

the electric power to start ejection. I'S note

Lo B0 e bty 40 SEOMIULRLOCUALE GRVELA g
ower to. start

) & g
£ad Mol AP REL PRSP M il B e LT Parsasas.
i | uded the f i ng. that th aci ng DI
o re R TR 1 A S AN S e i e S Mk leen
range of, 1.6 to 2,0 mif the spacing D2 is 20 m, In
hetPIoHS, Pt P pdts iyt et Sl R e @ GBFargF gipction.

tines the spacing D2. In this enbodi ment, ink ejection
s Mt d b Fig. 10 that a large amount eléctric

power is required to start ejection as the spacing D1
exceed 2.0 pum, and the electric power to start ejection

becomes minimal when the spacing D1 is about 1.8 um.

It is concluded from the foregoing that the
spacing D1 of the heat evolving element 22 should be in
the range of 1.6 to 2.0 pm if the spacing D2 is 20 um.

In other words, the spacing D1 should be 0.08 to 0.1
times the spacing D2.

In this embodiment, ink ejection is controlled in
the following manner.

The head 21 has the primary control means and the
secondary contrecl means for ink ejection control.

The primary control means causes the heat
evolving element 22 to evolve heat energy, thereby
ejecting ink above the heat evolving element 22 from the

nozzle 44.

23



the follow ng manner. The head 21 has the primary
control neans and the secondary control neans for ink
ej ection control. The primary control neans causes the
heat evolving el enent 22 to evol ve heat energy,
thereby ejecting ink above the heat evol ving el enent
22 fromthe nozzle 44. 23 The secondary control neans
causes the two main heat evolving nmeans 22a and 22b
to evolve heat energy in different manner, thereby
varyi ng The destndbuyi oonbdfol heatnenesgyes njdas ttedh trmain
i nk above the heat evolving elenent 22 and
beatrevbingnghecsahs e224 oandf 220k €] €esi e hddwmddeyy in
nozzle 44. In the related-art technol ogy, ink ejection

dsffeoaht ohbede N YhdyehievRf i 1BE Ve KON 1 S r MR that
performs ON and OFF), whereas in the present invention

hbet peh8BGY CASEFObd MBANSn k SalsekpP| ene it Widdn +i1ey
secondary control neans that controls the direction of

e DEmEh€C22 Oflnd Rkdht Ad11 tn @ @ﬁ@%é&ﬁr@%@rﬂrﬁb ion

the primary and secondary con nmeans. The exanpl e

§f6HWEh@e£§i§ﬂ@|@yS 2-bit control signals so as to set
the current flowng through the main heat evol ving

parts szh the related-art technology, ink ejection is
controlled only by the primary control means (that
performs ON and OFF), whereas in the present invention
the primary control means is supplemented with the
secondary control means that controls the direction of
ink ejection.

Fig. 11 is a schematic diagram showing the
primary and secondary control means. The example shown
here employs 2-bit control signals so as to set the
current flowing through the main heat evolving parts 22a
and 22b at four levels. This means that the direction of
ink ejection is varied in four steps.

According to this embodiment shown in Fig. 11,
the resistance of the main heat evolving part 22a is
smaller than that of the main heat evolving part 22b. 1In
addition, the heat evolving parts 22 are constructed such
that current flows out of the electrode 36 which is

formed at the middle (the turnarocund point) between the
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and 22b at four levels. This neans that the direction
of ink e ectionis varied in four steps. According to
thi s enbodi nent shown in Fig. 11, the resistance of
the main heat evolving part 22a is smaller than that
of the main heat evolving part 22b. In addition, the
heat evolving parts 22 are constructed such that
current flows out of the electrode 36 which is forned
at the mddle (the turnaround point) between the 24
maiin heat evolvimg parts 22a and 22b. |In aditiitiiooy, tites
three resistors Rd are intended to deflect the

threet renisobrsnkd epeect ivbendbe téansi Bt scHA,di@action
and B function as switches for the main heat

e¥olukngjpatisn 22areand: 220s i Sysbol i C'oF epiras ey Sflihction
conponent to enter a binary control signal (wth

S8 ERDECREPT ESLNEH N 0na n @ﬁ@oﬁoiﬁﬁ@dpd—@tg S LSHYH 22b.
AND gates to enter binary values Symnbol s Bl and BZ

I epr esengyRIgEPoNent Ssd O ab g a1
into the AND gates (E% an L2) é@ﬁ%¥5§ﬂ?gﬁ{ e AND

984 £5y '—éoﬁt!‘PolL%%ﬁ“RPlﬂ}?dcﬂféh t AR egen e‘ld

power~ source VH en signal s represe

%ﬂ]bo_ﬁ,z)Ll_ a(nod e%nreesee?ﬁter}ﬁ\% ahcee tr anS| sct or PSH%W

econes actil ve ransi St
Vk&‘gjgl? g?;g)&%ncle q‘t %iuré %cafplroevsvselltthrc%lrjn rc‘:ntepl st t]croe%nter
binary signals “0 or “1 into the AND gates (L1 and L2}.
Incidentally, the AND gates L1 and L2 are supplied with
power from the power source VH.

When signals representing C = 1 and (B1l, B2) = (0,

0) are entered, the transistor Q1 becomes active but the
transistors Q2 and Q3 remain idle (and hence no current
flows through the three resistors Rd). At this time,
current in equal amounts flows through the main heat
evolving parts 22a and 22b. In this situation, the main
heat evolving part 22a evolves a less amount of heat than
the main heat evolving part 22b because the former has a
smaller resistance than the latter. With this setting,
- the direction of ink ejection is deflected leftward, so
that ink drops head toward the left end.

When signals representing C = 1 and (B1, B2) = (1,

0) are entered, current flows through the two resistors
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current in equal anounts flows through the main heat
evolving parts 22a and 22b. In this situation, the
mai n  heat evolving part 22a evolves a | ess anount of
heat than the main heat evolving part 22b because the
former has a smaller resistance than the latter. Wth
this setting, the direction of ink ejectionis

defl ected leftward, so that ink drops head toward the
| eft end. Wien signals representing C =1 and (Bl, B2)
Rd(tpnn)tadeimnsereds tcartieat tfhonsstdr qybuthend wo
resistors 25 Rd connected in series to the transi stor

€Brbaht ndlowsr tiendudh ovise t he OUGho t ied resird®edRto the
connected to the transistor 2. As the result, the

BARNSL sObr COZ [ eMs fROWAGL 1] Otlgdh i i heatrent
evolving part 22b is smaller than that in the

f 06R 094 Neh £38Eh (Whd Md Bl .1 82 e-voi&nc?)ﬁarﬂ'@’ﬁyef in

this case, too, the naln heat evol V|ng part 22a

¢F¥g ﬂg? | h t =
%%%%%?ﬁdgﬁgfﬁﬁb ﬁg I's S ng, the |r§%t|§¥)
pd, [y e q&f‘,&eqrgfs %féﬁie@aé ef tyay d. DUt 1 ik 1 A10ps

ad S|Ight y rlghtmar e 'f of €goi Nng case.
BRI s Lo S and L B
ST PR 0 B B o
éireg¥aon of ink ejection is deflected leftward, but ink
drops head slightly rightward than in the foregoing case.
With input signals representing C = 1 and (B1,
B2) = (0, 1), current flows through the one resistor Rd
connected in series to the transistor Q2 but no current
flows through the two resistors Rd connected to the
transistor Q3. As the result, the amount of current
flowing through the main heat evolving part 22b is much
smaller than that in the foregoing case (with (B1l, B2} =
(1, 0)). However, in this case, the main heat evolving
parts 22a and 22b evolve the same amount of heat. With
this setting, the direction of ink ejection is not
deflected at all.
With an input, C = 1 and (B1, B2) = (1, 1},
current flows through the three resistors Rd connected to

the transistors Q2 and Q3. As the result, the amount of
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transistor B. As the result, the anount of current
flowi ng through the nmain heat evolving part 22b is
much smaller than that in the foregoing case (wth
(Bl, B2) _ (1, 0)). However, in this case, the main
heat evolving parts 22a and 22b evol ve the sane
anount of heat. Wth this setting, the direction of
ink ejection is not deflected at all. Wth an input,
C=1and (B, B2) current flows through the three
cesrshor s1&dingntectgl tioe mdien tHenS|i SEOISik® wack @b
As the result, the anobunt of 26 current flow ng

bbougbst bealBen heah Vot Vidopardéad2hof hecomsut (B1,
smal [ er than that in the case of an input (Bl, B2) =
£9) ) (o) nifhisncases ¢4 MiHe hedin QVOAVI g Panlg péa
evol ves a | arger anount of heat than the main heat

29| ¥y 5Py Par s 2%Pge1!‘ N St S&@gf?ear%hﬁq | raed 120 Phhddik

ejection is deflected rightward. e val ues ot
L51v4 . By viol ving p ; -
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%ﬁggtdgg dir %ﬁ#éﬁkéﬁ J,QET%JeC_ion i s changed

ccording as e’ 1 nput % ; takes different

rent | oned anakes e e e B R Hedake

evl éyéé“kééks 22a and 22b and the resistors Rd are
properly adjusted so that the direction of ink ejection
is changed according as the input (B1l, B2) takes
different wvalues, (0, 0), (1, 0), (0, 1), and (1, 1), as
mentioned above.

In this way it is possible to make ink drops to
hit the printing paper at four different places (total of
four; one through the projectile perpendicular to the
printing paper, two at the left side, and one at the
right side). Any one position can be chosen according to
the two input values of Bl and B2.

The effect of the foregoing is that in the case
where ink drops do not head the desired position due to
fabrication defects in the head 21, the direction of ink
ejection can be corrected by the secondary control means

so that ink drops head the desired positions. In

addition, properly deflecting the direction of ink
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hit the printing paper at four different places (total
of four; one through the projectile perpendicular to
the printing paper, two at the left side, and one at
the right side). Any one position can be chosen
according to the two input values of Bl and B2. The
effect of the foregoing is that in the case where ink

drops do not head the desired position due to
fabrication defects in the head 21, the direction of

enkctépacfrom tha hezedes edd etinpyotde Slee onthaitying
control neans so that ink drops head the desired

posiitons. In addition, properly deflecting the
direction of ink 27 ejection fromthe nozzles 44

I mpr ovesat BRoREh Ndh & JemiSibkd rhd Ve é%tiﬁéﬂﬁkégght invention
enbodi nent of the present invention has been
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to it but can be varlous y no For exanpl e
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case thid %a%f*ﬁf%%%:i’ 5 1B ey V%li%vvent” 250
P B e Sk Sy eba ?n&t“ﬁ-ﬁauted
thoeattwo Vol VZII.C aerleerraernrtan%%d 3 Srclzlovzmlc_:}z%gFlpga{tt%ezrn Ilrr]1 Vﬁla%h
view. 1In such a case, the electrodes may be formed by
leaving a spacing (corresponding to the spacing D1) in
the turnaround parts. Such a modified embodiment of the
heat evolving element 22 is shown in Fig. 12, in which

three main heat evolving parts 22a to 22c¢ are formed on

cne substrate.

Industrial Applicability

According to the present invention, the heat
evolving element on a single substrate can be divided
into a plurality of heat evolving parts. This structure
is equivalent to forming heat evolving parts connected in
series by conductors. The heat evolving parts are made
to evolve heat in individually controlled amounts by
specifying the position of the conductor on the heat

evolving element.
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three main heat evolving parts 22a to 22c are forned
on one substrate. Industrial Applicability According
to the present invention, the heat evolving el enent
on a single substrate can be divided into a plurality
of heat evolving parts. This structure is equival ent
to form ng heat evolving parts connected in series by
conductors. The heat evolving parts are nade to

evol ve heat in individually controll ed anbunts by
speci fyi HgreheeppstheoprbohathecenbduTt mea08 the heat
evol ving el enent. 28 Moireover, the primary contro

reppdenentsdppl enedheds¥bbhdi he SEEORERINe LR P that
means so that heat energy is evolved in different

neaneefeagyd henegolhed ohrectiOR-0f m&%@t@tﬁéﬂ@mér{@énthe
the nozzle is controlled. 29 CLAI NS . [iquid

eji ekt Ngn hgad; RRVE NI-PLE - BASH IVn V&éé’%w %Wlsoll
that evol ve heat energy to e]ect |qU| ereln sa
heat - energy evolving elements are constructed of an
i ntegral substrate, assune a zigzag pattern (in plan
vi ew), having conductors connected thereto at the
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turnaround part of the zigzag pattern, and each of the
el ements has thereon a nozzle through which liquid is
ejected. 2. Aliquid ejecting head havi ng heat-energy
evol ving el enents that evolve heat energy to eject
liquid, wherein said heat-energy evolving el enents
are constructed of an integral substrate, assune a
zigzag pattern (in plan view), and have conductors
connected thereto at the turnaround part of the

zi gzag pattern such that tiwrm®i n part evol ving heat
energy to eject liquid is divided into at |east two

parts byltheatwqai®usfePaity 0fad Ne Gy ag fRatd ity
and each of the elenments has thereon a nozzle through

@ﬁbgﬁlﬁ%QQléhé§t§J@Eé@devélvé hbgﬁ'gn€k§9tkﬁg herd 1iquid,
havi ng heat - ener gy evoIV|ng el emrents that evol've heat

t t
ener gy tph&feat ééﬁ'l{j% s %%Ct edﬂr s19Ms are

evolving elements are an |ntegra
%€£§%1%%§v?e Qﬂﬂpﬁhﬁ?_%%ﬁdﬁﬁéﬁg%}%%ﬁﬁécﬁH%P?% %ééu
S, e B e oy i
throthhﬁMyﬂaqéoﬂHﬁé%éfg(%onnected thereto at the
turnaround part of the zigzag pattern, and

each of the elements has thereon & nozzle through
which liquid is ejected.

2. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid,

wherein said heat-energy evolving elements are
constructed of an integral substrate, assume a zigzag
pattern (in plan view), and have conductors connected
thereto at the turnaround part of the zigzag pattern such
that the main part evolving heat energy to eject liquid
is divided into at least two parts by the turnaround part
of the zigzag pattern, and

each of the elements has thereon a nozzle through
which liquid is ejected.

3. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid,

wherein said heat-energy evolving elements are
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4. Aliquid ejecting head having heat-energy evolving
el emrents that evolve heat energy to eject |iquid,
wherei n said heat-energy evol ving el enents are
constructed of an integral substrate and conprises
approxi mately U shaped parts (in plan view), and have
conductors connected thereto at the turnaround part of
t he approxi mtely U shaped parts, such that the main
part evolving heat energy to eject liquid is divided
tohetatctédasf tmoipaedsabystibet taraiodnebmarisof the
approxi mately U shaped parts, and each of the el enents
hpprohensdal g NegRhpeed hparigh (MiEhah i@ldw) j S ej ected.
5. Aliquid ejecting head having heat-energy evolving

el enent shihahg eyohdechend CHSRAYrd® eheedtd ifihe
wherein said heat-energy evolving elenents are

CORSAFHCARUp OF t a8 | THE U Fhr SHBRIF &L . U COHTYd $ & Blern
least main parts di vided by at |east one slit formed

in part ofchthe @h’@séfé}ﬁ@nt§lh§%¥ﬁ.lf%ec&pdé’ HAe thnrough

connected thereto at the part e two ere nai

ﬁﬁqéﬁ B i@iﬂ§q%§$9§$ er, and each of the elenents
as thereon a no e through which liquid is ejected.
6. Ali %J.i d Z?j lef&dlncg ehjeeacdcihnaa i1r1n<=.-qacl1 %aatv_ienngerk%yat—energy
evolving elements that evolve heat energy to eject liquid,
wherein said heat-energy evolving elements are
constructed of an integral substrate and comprises
approximately U-shaped parts (in plan view), and have
conductors connected thereto at the turnaround part of
the approximately U-shaped parts, such that the main part
evolving heat energy to eject ligquid is divided into at
least two parts by the turnaround part of the
approximately U-shaped parts, and
each of the elements has thereon a noczzle through
which liquid is ejected.
5. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid,
wherein said heat-energy evolving elements are
constructed of an integral substrate, comprises at least

main parts divided by at least one slit formed in part of

the substrate,
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evol ving el enents that evolve heat energy to eject
liquid, wherein said heat-energy evolving el enents
are constructed of an integral substrate, conprise the
main part of evolving heat energy to eject |iquid,
said main part being divided into at | east two parts
by at least one slit forned in part of the substrate,
havi ng conductors connected thereto at the part where
the two nmain parts are joined together, and each of

the el enhratrsnbasohbeeeons achwZEte=dht REgEto Wit Cthe part
liquidis ejected. 7. Aliquid ejecting head having

beathenewgywhevel Mbng ghLPEnd et haineyotygtheat, enel gy
to eject liquid, wherein said heat-energy evolving

el ement SeakR 68Nehe USI BH0f s o NERGF&bn SHDSES ALE through
assune a zigzag pattern (in plan view), having

FRNANCT 9L gonpegtedi.Lhereto in the region outside
t he inneé %urngrggnd %@ne at the turnaround part of

AR AL s I ST Sl B
L1uL g E5Lh0g Deof Doy DR oBL B8 YA MLAR: 1cuia,
wher ei n v‘?’l%:nde{]r?aéélegel{ega}/t—eevnoelflg};gex?cl)lexgieﬁgtj S’elaerm(:"e:rlts are
constructed of an integral substrate, comprise the main
part of evolving heat energy to eject liquid, said main
part being divided into at least two parts by at least
one slit formed in part of the substrate,

having conductors connected thereto at the part
where the two main parts are joined together, and

each of the elements has thereon a nozzle through
which liquid is ejected.

7. A ligquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid,

“wherein said heat-energy evolving elements are
constructed of an integral substrate, assume a zigzag
pattern (in plan view},

having conductors connected thereto in the region
outside the inner turnaround line at the turnaround part
of the zigzag pattern,

each of the elements has thereon a nozzle through
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constructed of an integral substrate, assume a zigzag
pattern (in plan view), and have conductors connected
thereto in the region outside the inner turnaround
line at the turnaround part of the zigzag pattern, so
that the main part evolving heat energy to eject
liquidis divided into at |east tw parts by the
turnaround part of the zigzag pattern, and each of
the el ements has thereon a nozzle through which
Whijohdliguefets edjeOtedhe [iquid ejecting head as
defined in claim 8, wherein the heat energy evol ving

el ement fas aolherigosduct O KoM €thd hesat-eirdhe
opposite side beyond the main part fromthe

EPBUULH QI 81ehbr di shadcevhblom hhett BhBREQURE lai4RRt0f1 3 quid,
the zigzag pattern to the edge of the conductor is

MOBelQ sHidOhdifEsnd dé%fk?ﬁ:g? het weah sald

conductor and said other cond ors. 10. Aliquid

ebESLL é’t?acgfe@ﬁ”ﬂgt AT e@@é&é’ra[fééfg:a‘é%émréeg'a:h%@efarg

t hat evol ve at energy to eject
ﬁﬂgeth'?a{i'xf ri?f%}/ x?ivc?qnlre)v,l Nh§ lheeﬁ%]tcson%{uecto NSt lf’ltheEdecP f
an integral substrate,” comprises an  approxiately
%ﬁéﬂ%&?%quﬁﬁaQébfgﬁﬂEﬁgg?gé the inner turnaround line
at the turnaround part of the zigzag pattern, so that the
main part evolving heat energy to eject liquid is divided
into at least two parts by the turnaround part of the
zigzag pattern, and

each of the elements has thereon a nozzle through

which liquid is ejected.

9. The liquid ejecting head as defined in claim

wherein the heat energy evolving element has
other conductors connected thereto on the opposite side
beyond the main part from the conductors,

the distance from the turnaround line of the
zigzag pattern to the edge of the conductor is 0.08 to
0.10 times the distance between said conductor and said
other conductors.

10. A liquid ejecting head having heat~energy

evolving elements that evolve heat energy to eject liquid,
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havi ng conductors connected thereto in the region
outside the inner turnaround |ine at the turnaround
part of the approximately U shape part, each of the
el ements has thereon a nozzle through which liquid is
ejected. 11. A liquid ejecting head having heat-energy
evolving el enents that evolve heat energy to eject
liquid, wherein said heat-energy evolving el enents
are constructed of an integral substrate, conprises an

appr oxi mghekyit) shagele parEnékgypkadlviey) el ahsh havere
conductors connected thereto in the region outside the

tBRet rhigtBar 88ngh | iRecgbal hsubyt ParouNbaFtsof 4he
approxi mately U shape part, so that the nain part

a¥piifa bR ONekSiod Opehectihi guid §se vided i nto

at least two parts by the turnaround part of the

oo o T eLi 4 SAAREC, a7 oo 0 eSS 5 Mo
THEp A e NS, 03P, 00 A Mathng e
GEVBHE! Ea-SERRELE] dDBLhe Bl opposite side

each of the elements has thereon a nozzle through
which liquid is ejected.

11. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid,

wherein said heat-energy evolving elements are
constructed of an integral substrate, comprises an
approximately U-shaped part (in plan view), and have
conductors connected thereto in the region outside the
inner turnaround line at the turnaround part of the
approximately U-shape part, so that the main part
evolving heat energy to eject liquid is divided into at
least two parts by the turnaround part of the
approximately U-shaped part,

each of the elements has thereon a nozzle through
which ligquid is ejected.

12. The liquid ejecting head as defined in claim
11,

wherein the heat energy evolving element has
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the di stance fromthe turnaround |ine of the

approxi mately U shaped parts to the edge of the
conductor is 0.08 to 0.10 tinmes the di stance between
sai d conductor and said other conductors. 13. A
liquid ejecting head having heat-energy evol ving

el enrents that evolve heat energy to eject |iquid,
wherei n said heat-energy evol ving el enents are
constructed of an integral substrate, conprises the
béher eopdyytevs| wbngepaed thyrded bt ohatoppasitd Woide
main parts by at least one slit fornmed in part of

baydngubsérasen pavingre@neust ossdcenpes) ed thereto in
the region outside the slit at the part where said

two nei ntRardsstah8e PLOROEOUEENCLro8RE N Phe the the
el ements has thereon a nozzle through mhlch liquidis

@pﬁﬁbﬁﬂmaﬂélyAUléH%%Qdeﬁ@f@éng%eat S8 Ngr head - SRR Bk or

evol vi ng el enents at ‘evolv gy to e] ect

Lsapigs coherehn.saLd Eﬁ@ldfyﬁésu d ré%%ﬁQé%%%?F%%ﬁﬁgctor

are constructed of an int egra

Lhe Qgﬁﬁ gg?ﬁag%eg part divided into at |east

t wo nal O ej ect heat energy to eject liquid
gﬁb?i r at e, S%P Sclﬁ InJIgCl c]c Oecﬁlr[:‘gjt g’%élh"eaggjé’i?alt}%&tete&eiwy
é$b vi éiements that evolve heat energy to eject liquid,

wherein said heat-energy evolving elements are
constructed of an integral substrate, comprises the heat
energy evolving part divided into at least two main parts
by at least one slit formed in part of said substrate,

having conductors connected thereto in the region
outside the slit at the part where said two main parts
are joined together,

each of the elements has thereon a nozzle through
which liquid is ejected.

14. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid,

wherein said heat-energy evolving elements are
constructed of an integral substrate, comprises the heat
energy evolving part divided into at least two main parts

to eject heat energy to eject liquid by at least one slit

formed in part of said substrate,
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outside the slit at the part where said two main parts
are joined together, each of the el enents has thereon
a nozzle through which liquid is ejected. 15. The
liquid ejecting head as defined in claim 13 or 14,
wherein the heat energy evolving el enent has other
conductors connected thereto on the opposite side
beyond the nmain part fromthe conductors, the distance
fromthe end of slit to the edge of the conductor is

0.08 to Raingio®sdtdeo s Staneecbed WeehretSAith the region
conductor and said other conductors. 16. Aliquid
epecidagtlappal bt ust tieyi pgrhedtic eSOV el dlith parts

el enents that evolve heat energy to eject liquid,

sher ¢binedi todeiieener gy evol ving el enents are
.constructed of an integral substrate, assune a zigzag
pattern éach pbantivé e emaérnes heve Conchit of e dtatbugh
thereto at the turnaround part of the zigzag pattern

shitdh Ihqiid hes mjectpadt evol ving heat energy to ej ect
liquid is divided into at |east two parts by the

t ur nar oundl. parie nfquiie & @ziahpatd=Lt ms erctimfd tihe claim
el enents has thereon a nozzle through 36
13 or 14,

wherein the heat energy evolving element has
other conductors connected thereto on the opposite side
beyond the main part from the conductors,

the distance from the end of slit to the edge of
the conductor is 0.08 to 0.10 times the distance between
said conductor and said other conductors.

16. A liquid ejecting apparatus
having heat-energy evolving elements that evolve heat
energy to eject liquid,

wherein said heat-energy evolving elements are
constructed of an integral substrate, assume a zigzag
pattern {(in plan view), and have conductors connected
thereto at the turnaround part of the zigzag pattern such
that the main part evolving heat energy to eject liquid
is divided into at least two parts by the turnaround part
of the zigzag pattern, |

each of the elements has thereon a nozzle through
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which liquid is ejected, said liquid ejecting
apparatus further having a primary control neans

whi ch causes said heat energy evolving elenments to
evol ve heat energy, thereby ejecting liquid on said
heat energy ejecting el enent through said nozzle,
secondary control neans which, upon control of
current flow ng through at |east the two divided nain
parts to evolve heat energy fromthe conductor
connected to the turnaround part of the zigzag
pai-cér plavadsés aiecfedst said two major parts to
evolve heat energy differing in heat ener _
char act eFR3€i ¢39dnd F@e@haﬁgeappﬁéaﬁp§tfPng?Bnh%Ylng a

heat energy inparted to the liquid on said heat
@ﬁémngeven@rgg Bpanrdnvhicherapyeconeidl heal evpegy
direction of ejection of the liquid ejected fromsaid .
A¥gzréndlelenmentguie eyetévenpeappararas. hA9raly ejecting
heat -energy evolving el enents that evolve heat energy.
tédgejidcen| FaiddiedherRF AOEaf HeRbANTeREPHNEBVEIYP WG Sald
el enents are constructed of an integral substrate,
BBABLEse an approxi mately U shaped part (in plan

view), and have conductors connected thereto at the

t ur nar ouRBCPRFRTBf CORREC hpPRIRF nHk &FY LRAApEN bEet of

such that_the nmain part ] )
current flowing through at least the two divided main

parts to evolve heat energy from the conductor connected
to the turnaround part of the zigzag pattern, causes at
least said two major parts to evolve heat energy
differing in heat energy characteristics and to change
the distribution of heat energy imparted.to the liquid on
said heat energy evolving element, thereby controlling
the direction of ejection of the liquid ejected from said
nozzle.

17. A liquid ejecting apparatus
having heat-energy evolving elements that evolve heat
energy to eject liquid,

wherein said heat-energy evolving elements are
constructed of an integral substraté, éomprise an
approximately U-shaped part {in plan view), and have
- conductors connected thereto at the turnaround part of

‘the approximately U-shaped part such that the main part

evolving heat energy to eject liquid is divided into at
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evol ving heat energy to eject liquid is divided into
at 37 least two parts by the turnaround part of the
approxi mately U shaped part, 37a each of the el enments
has thereon a nozzle through which liquid is ejected,
said liquid ejecting apparatus further having a
primary control neans which causes said heat energy
evol ving el enents to evol ve heat energy, thereby
ejecting liquid on said heat energy ejecting el enent
t hrough said nozzle, secondary control neans which,
ﬁtpéFtéfbYCGPPeﬁPrpﬁéwpﬁ& PREGUGH &Nel east t he
two diivided main. parts to evolve heat energy fromthe
QRﬁﬂﬁﬁﬁm§FeétheéPé&edtBaFﬁe turnaround part of the
approxi mately U shaped pattern, causes at |east said
two maj or parts to evolve heat energy differing in
heat energy characteristics and to change the
di stribution of heat energy inparted to the liquid on
sai d heat energy evolving el enent, thereby
controlling the direction of ejection of the liquid
ejected fromsaid nozzle. 18. A liquid ejecting
apparatus havi ng heat-energy evolving el enments that
evol ve heat
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energy to eject liquid, wherein said heat-energy
evolving elenents are constructed of an integra
substrate and divided into at |least two nain parts to
evol ve heat energy to eject liquid by at |east one

slit fornmed in at least part of the substrate, 38
havi ng conductors connected thereto at the part where
~.the two main parts are joined together, 38a each of

the el ements has thereon a nozzle through which

liquid is ejected, said liquid ejecting apparatus
further SR&% R§ &her edempréontesl thesrstwhi 89 ze¢dgs s§rough
said _heat energy evolving elenents to evol ve heat
wBriéshgy1auifel bG8 EEEiing i quid on said heat energy

ej ecting _element through said nozzle, secondary

contr ol sﬁéﬁnél%ilélh?Jﬁﬁgﬁn@oﬁppélfaéﬂs Eurcdrr PRygwNAga

t hrough at |east the two divided main parts to evol ve
PREBATENEPRYTPLORPERE WHAGhCcCorSEsnA_EHefeato S NREIar t
where the two main parts are joined together, causes.
e¥plvdagt edarent fotRapEPyar heatocreErVe RBsEebeneigyting
differing in _heat energy characteristics and to )
1iAdhge Rhea 4 shERBUEPBRIYT SHESE - BAcR §§MPRbaFhEQUEl FRECD

nLngé9 on said heat energy evol ving elenent,_thereby

secondary control means which, upon control of
current flowing through at least the two divided main
parts to evolve heat energy from the conductor connected
to the turné;ound part of the approximately U-shaped
pattern, causes at least said two major parts to evolve
‘heat energy differing in heat energy characteristics and
to change the distribution of heat energy imparted to the
liquid on said heat energy evolving element, thereby
controlling the direction of ejection of the liguid
ejected from said nozzle. o

18. A liguid ejecting apparatus
having heat-energy evolving elements that evolve heat
energy to eject liquid,

wherein 'said heat-energy evolving elements are
constructed of an integral substrate and divided into at
least two main parts to evelve heat energy to eject

liquid by at least one slit formed in at least part of

" the substrate,
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controlling the direction of ejection of the liquid

ej ected fromsaid nozzle. 19. A process for production
of a liquid ejecting head having heat-energy evol vi ng
el ements that evolve heat energy to eject liquid from
a nozzle, said process conprising form ng said energy
ejecting elenents in a zigzag pattern (in plan view
on an integral substrate, and connecting a conductor
to the turnaround part of the zigzag pattern, thereby
dividing the main part to evolve heat energy for

li qui d &J3&Ei%IFq tows pannecyedldgheziedosiptigbkbehpart
energy evolving elenent. 39a ABSTRACT A liquid
wlicg@ ithg Frésd Medvi PG r& Splegeabictyedf tiheathevel vi ng

el ements forned on an integral substrate w thout

being divided into nore than one part, so that it is
capabl e of controlling the direction of |iquid
ejection. The liquid ejecting head has heat-energy
evolving elenents (22) that evol ve heat energy to
eject liquid. The heat-energy evolving elenents (22)
are constructed of an integral substrate, assune a
zigzag pattern (in plan view), and have conductors or
el ectrodes (36) connected
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thereto at the turnaround part of the zigzag pattern,
so that they are divided into main parts (22a, 22b)
to evolve heat energy to eject liquid. Each of the
heat - evol ving el enents has thereon a nozzl e through
which liquid is ejected.

each of the elements has thereon a nozzle through
which liquid is ejected, said liquid ejecting apparatus
further having a primary control means which causes said
heat energy evolving elements to evolve heat energy,
thereby ejecting liquid on said heat energy ejecting

element through said nozzle,

secondary control means which, upon control of
current flowing through at least the two divided main
parts to evolve heat energy from the conductor connected
to the part where the two main parts are joined together,
causes at least said two major parts to evolve heat
energy differing in heat energy characteristics and to
change the distribution of heat energy imparted to the
liquid on said heat energy evolving element, thereby
controlling the direction of ejection of the liquid

ejected from said nozzle.

19. A process for production of a liquid
ejecting head having heat-energy evolving elements that
evolve heat energy to eject liquid from a nozzle,

said process comprising forming said energy
ejecting elements in a zigzag pattern (in plan view) on
an integral substrate, and

connecting a conductor to the turnaround part of
the zigzag pattern, thereby dividing the main part to

evolve heat energy for liquid ejection into two parts on
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said single heat energy evolving element.
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