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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eati nd el'enent” may assune erent

g | y j Bt ssenbl age of
E{J\%od%NGm%E(ﬁpﬁst%&lﬁgg?d%l n onlte@q iq{'quYi'ig:E?hanber. ( See
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

al The present invention relates to a liquid
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



si ngl e conmponent 1 which assunes a nearly square

pl ane. The one shown in Fig. 13B consists of two
conmponents 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
regi on. The heating el enent shown in Fig. 13A has

el ectrodes 2 attached to both ends thereof so that it
is supplied with current through them (The
Eleglrogenparent havicatkdabyun¢s)aanee 2)y i suudiee plane.
figure.) The heating el enent shown in Fig. 13B has
ehecrnedeborA amdFPR. at BRchenst hies ed D oo fadmmwsenThel A
el ectrodes 2A (7D and 30) are attached to one end of
ench1Boflithded oimpomendt sr 1A suda 48, régitbi he Tl cdri® dhown
2B ((c)2) is attached to the other ends of the

tonpPhgenl 3C ldowais B &0 thhad ddmsondecd sid,hem, and 1E
toget her. Mreover, the heating el enent shown in Fig.

a3Cidbasiel ciseies 2ua2d, rédtbRE attached thereto as
follows. The electrodes 2C (1Q and (r)) are attached

to one efgl Heatehtd Ofeddie: COMMANEH ik ang :h%s The
el ectrode 2D (02) 1s attached to the ends of t he
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together. The el ectrode 2E ( attac tot
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t hem t oget
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



Figs. 13B and 13C indicate that the heating 2 el enent
consisting of two or three conponents (IAto 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
el ectrodes 2A flows through the el ectrode 2B, thereby
heati ng both of the conponents 1A and 1B

si mul taneously. Unfortunately, the conventiona

BRegEENG ebemeatingshéwhwbnoEi ghré8Arompaséstsngldfta@a 1D)
singl e conponent suffers the problemwth a | ow
resiconhancectad shbhsthatethebebmpondnts hereasen®dcted
three heating elenents individually fornmed in a
squathenf ihhecsase. ar A BBe SHOMDing Ne Fé@snt 18w 18Gig.
the first one (Fig. 13A), which consists of a single

LOBPOBERt exb@p1a, I 66FB8ERACEPSIBLH S5 crdd@ncgherforth
that of the second one (Fig. 13B), which consists of
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consi sting of a single conponent needs 1 ow vo
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suffers the problem with a 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
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suitable for an apparatus in which many nozzles are
juxtaposed. It is to be noted that the heating

el enents shown 3 in 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 el enent

consi sting of two divided conponents, as shown in
FigF1g3B, I Fastanl 3¢ ede (mos| évolret iesat 1r@mdtHB)r entire
where there exists no heating elenents. This inplies
shafacheupentval taaetaphlidet heat | Mhel anentthami ns

at a |low tenperature. On the other hand, heating

ef éeenivej uxtaposHduons o sUbsiidte) saffet idhelimited as
di sadvantage of involving difficulties with

faditcaadd ngy piocess 1ne@ke vy fraranid hed reheating
characteristics. In other words, they vary in

Iped £ DidTesIcnent h @slek 1d0Mmg tde Y @uithidteatdiibnents, as

el ement is divided into conponents, the nore exist the
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necessary to raise the tenperature per unit area

Where RORIINGSI BB Ho U SInd Bl o 2P 5 implies
deteriorates the heatlng é1enent.
that the central part of the heating element remains at a
. 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.



The foregoi ng suggests that a square one-piece
heating el enent has an advantage over a nulti-piece
heati ng el enent except that it needs a specific power
source. In practice, it is known to eject liquid
rather wuniformy. 4 The present applicant had
previously proposed a nethod for controlling the
direction of ejection by neans of a plurality of

heat i ng TBReREAESN | 2RI damtohed| Pyay doushamy@poseSee
Japanese Patent Application Nos. 2002- 112947 and

ngGo2d 1690 2800t rRhl ls nwe tthedd 1 hewelar o fdegscidtn lag mearss
its objective easily with one-piece heating elenents
oforneduial Bt hapédaagsdopbblage st s idreed ibi sokosimeidf
the I nvention Exanpl e enbodi nents may sol ve the
chembgoi ngSepr 6bbene by Rmipd oty i Agp lal gl tuircal iNoys .of200eat | ng
el enents (of one-piece type) which are so forned on a
142Agleasd b3 ® 2t 61 %8 .1) 0 Teoat methdde Hbiweaetd, 0Ho6E not
ej ection. The object of the present invention to
asbligee t hies prhojd emvies eaebi evetktbyonaempdtecieshdet imed i n
the following. In accordance with a first aspect of

el brRept €SBitmed Nvedt shBpet hes@nd 1S Yy Qvisdaedra. | i qui d

ej ecting head having heat-energy evolving el enents
that evol ve heat energy to

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.



eject liquid, wherein said heat-energy evolving

el ements 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 elenents has
thereon a nozzle through which liquidis ejected. 5
In accordance with a second aspect of the present

i nvent i 6R, AFRRF@REE pHidli dedegonilgusked] exft ithg heagent
having heat-energy evolving el enments that evol ve heat
1gMergyoro thgretisl pgavidedherbianishied efeang ehergyhaving
evolving el ements are constructed of an integra
heabseparey «ssiiedaczeyeals Paat ervevienhphaneneeyy to
and have conductors connected thereto at the
efl aFhat buntt parterefint heldi lyzay-eatter rvslighngt dbdmdiies
mai n part evolving heat energy to eject liquidis
agevedesitruttedatofl eastntewrahrddhyratthe taswmas o ndi gradt
of the zigzag pattern, and each of the elenents has
péheeeon(in pieazvéetvhy ooyt Wdw e edridgidicdrsSceneedtedd | n
accordance with a third aspect of the present
thavent i on, tHhenenbgophdvibated & ldhguizd gegpgchatigeieatdich
havi ng heat-energy evol ving el enents that evol ve heat
teaergye tairgjpeet ki guithg Whereidhesaiyd tbeajeenergyuid is
evolving el enents are constructed of an integra
dsubséd atreccard GeHBEi 6Fo parts by the turnaround 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 eiements 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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approxi mately U shaped parts (in plan view), having
conductors connected thereto at the turnaround part of
the approximately U shaped pattern, each of the
el ements has thereon a nozzle through which liquid is
ejected. In accordance with a fourth aspect of the
present invention, there is provided a liquid
ej ecting head having heat-energy evolving el ements
aPpaexepat vy Hemhaprer gprte (& aetan ivevd, aheérkive said
heat - energy evolving elenents are constructed of an
contdagiats suwtacited dhdrebopat sdse Saapgeorinpaet yof the
U shaped parts (in plan view), and have conductors
apprnscirete b hdi-ethapet phetsurmaclouricitpdihe ofinheart
approxi mately U shaped parts, such that the main part
egvdiihaghdeaterengygyot ejegectidquigliics ids vdied deotd rdto
at least two parts by the turnaround part of the
lgpproxwogtettys by shapedrpardsnd grd-teachthd dheroximately
el enents has thereon a nozzle through which liquid is
Uegkeped.pd:saceordanck ofttha dididntaspast chérdédhe a
present invention, there is provided a |iquid
negpetéi tigrdiend whavhngigheat r eneyge ol vi ng el enent s
that evolve heat energy to eject liquid, wherein said
heat - enengyceyiatdeg wek8NMBNEsrLAar £sganstyruehedp of st
integral substrate, conprises at |east nain parts

ifryhelesh bt ratre @asproneashid fifufRdelBeting 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, 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

5b



part of the substrate, having conductors connected
thereto at the part of the two where nain parts are
joined together, and each of the el ements 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
havi ng heat-energy evolving el enments that evol ve heat
cepergyed Fhegjedet a%i §0F dpaWhertsine $hkRdtHeanaBngracs are
evolving elements are constructed of an integra
Jeuhsd rixpeethegnpandeceple ¢ithe pdementsebat viltgrdroata
energy to eject liquid, said main part being divided
DPRE & dthnaawdt whwehphiagidyiatelesdsti-one slit formed
in part of the substrate, having conductors 5b
connect &éd adromiagcat wiihe pas¢vewsr exspeett wd hbenppasdrs:
are joined together, and each of the el enents has
inhenteom,a theoezliie pheowiddd whildulidguidet snejlestdkchavling
accordance with a seventh aspect of the present
heavenidmyy, evbhéréngsejpsrmantdedhat! equilde ehett i srgehigado
havi ng heat-energy evol ving el enents that evol ve heat
epoet gyidudd,epretein geh i wherenerggi dvbeain@enaighents
evolving elenments are constructed of an integra
aselbsdrrsadr@ctadSufitan ZngEAt ]l RabberAté | Nadd @ik \H eM)gzag

havi ng conductors connected thereto in the region
pdtitsdrde ihhe1kAnei el Uy N wwiHd donf@c8brt Neonnected 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 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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turnaround part of the zigzag pattern, each of the

el ements has thereon a nozzle through which liquid is
ej ected. In accordance with an eighth aspect of the
present invention, there is provided a liquid

ej ecting head having heat-energy evolving el enents

t hat evol ve heat energy to eject liquid, wherein said
heat - energy evolving elenents are constructed of an

i nt egr alnsapserdance adddme aipklyzagpegattferthe( Pnepeah
view), and have conductors connected thereto in the
ingghbreoutEiate tilve praméded ud Nlaroind eljiepginy hédd having
turnaround part of the zigzag pattern, so that the
hpaknengagyt cevdiniingg chemeénenerlipt teoodjvecheht qemelrgs to
divided into at least two parts by the turnaround
epact bifquih zihgzadn patdenept-sncregchvolvihe elambritss
has thereon a nozzle through which liquid is ejected.
abe tonstcocordaned wint hnaegral hbdspeeateof cohpr pses ent
invention, there is provided a liquid ejecting head
abpvixguathdat Uestagydepatvi ith ellemertsw) hahaevod ve heat
energy to eject liquid, wherein said heat-energy

cenohytdry eloimerted ahersonsid utieadegloAnoint 8@ alhe
substrate, conprises an approxi mately U shaped part

ifhér phiedhadoeid, 1hayi 89 rkonduciebaneopaect ed ther et o
in the region outside the inner turnaround |Iine at

apPeot ARNQUId spapt PhrtN&ach of the elements has
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

5d



approxi mately U shape part, each of the elenents has
thereon a nozzle through which liquid is ejected. In
accordance with a tenth aspect of the present
invention, there is provided a |liquid ejecting head
havi ng heat-energy evol ving el enents that evol ve heat
energy to eject liquid, wherein said heat-energy

evol ving el ements are constructed of an integra
NeyBEET Btet vy seelaangappesiifmttdlar gvehspedepar t
(in plan view), and have conductors connected thereto
SnRrPkete ey O duitBiide whereimnerid drezdreondoli eeckiting
the turnaround part of the approximtely U shaped
epaments caghatonsieusdied péréanevoiadneg shbatrehergy to
eject liquidis divided into at |least two parts by
coherisenarivuitgiarneghyt feo bpproxdarat eliyidedhaped at
part, each of the elenments has thereon a nozzle
lebsbughe mehirchpdutguibg s efact ethe Isliaccordancen wwddt of
an el eventh aspect of the present invention, there is
sphidvsdest e tdd,quiad iegecbhage hread cdmhel@aednghbeat e entertgye
evol ving el enents that evolve heat energy to eject
reggon douthieteeithes aild theat tlenasgyt avelrel Bgidet i is
are constructed of an integral substrate, conprises
pkhes head RieTgy tovekveng adH oH thdedl1efkAtathad e@8dreon
two main parts by at |east one slit forned in part of

a nozzle through which liquid is ejected.

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 liguid 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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sai d 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

el ements has thereon a nozzle through which liquid is
ejected. In accordance with a twelfth aspect of the
present invention, there is provided a liquid

ej ecting head having heat-energy evolving el ements
SRAV1IBY oP VGG EifeCPstBUCERFR AL |dryuind e IwA e &ips tBeE ik
heat - energy evolving elements are constructed of an
ASHLBYr Al Z 53T MaRtEereonphi BE3n thew)hegndehergyconductors
evol ving part divided into at least two nain parts to
cepreciaeatharmryyt ghej serndiround ey tarfl éhst zomead

slit fornmed in part of said substrate, having

rethduet srsh QYorhddeedathepeto ¢volvhewgr agednenet ey deo
the slit at the part where said two main parts are
efjerhetiquogbtierdividen ohtotdie ledernente® pastthey edre a
nozzl e through which liquid is ejected. In accordance
turharautdipdentth taspettzad gdieepr,esach bAvend i @iyments
there is provided a liquid ejecting apparatus having
hheathensrg)a exalzlienghebedgienttsi drthadti cedal ve eheatedneragy
to eject liquid, wherein said heat-energy 5e evol ving

legen®nd fe i oC @pphiruetiedf of t gy iHavagak subsifat@ntrol

assume a zigzag pattern (in plan view), and have
nEONSIUGH 1ITS causes said heat energy evoelving elements to
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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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 |east two parts by
the turnaround part of the zigzag pattern, each of

the el enments has thereon a nozzle through which
liquidis ejected, said |iquid ejecting apparatus
further having a primary control means which causes
CERPHL AR AT AR 1ERERYY NG~ ErarRechiisiito (1evBilge west) . and
energy, thereby ejecting liquid on said that heat
hawer gin@peerishFoanentnt thewmrigh aaitdiendrzharosed griddr wr
control means which, upon control of current flow ng
thar apghoxing dyt Ursbapa®d e dorrhrdibe tpahesma bn evagitve
heat energy fromthe conductor connected to the
evatnane umktparntergef tohel etlyzbgnpat tier dividaededntat at

| east said two maj or parts to evolve heat energy
ldeftertwmgadmtshéat thretgynachardgtaert sifi theampptaximately
change the distribution of heat energy inparted to
Ut Beaped|upak ton esahd ofietihe exlerngan tev Glawi ngerebenenigzzle
thereby controlling the direction of ejection of the
thiquigld wjiedt dd g dmisad fediozy,| esaikn lagooddaneetmid h a
fourteenth aspect of the present invention, there is
appovided mddhgui daefiegta ngrirappacahntsohamMbags which
heat - energy evolving el enents that evol ve heat energy
chOs & asdid impuitd enBhgy edvo Sairth RE/BREr gY YDl iHGt

el ements are constructed of an integral substrate,
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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5f conprise an approxi mately U shaped part (in plan
view), and have conductors connected thereto at the
turnaround part of the approxi mtely U shaped part
such that the nmain part evolving heat energy to eject
liquid is divided into at |east two parts by the
turnaround part of the approximtely U shaped part,
each of the elenments has thereon a nozzle through

i EAVEFRDI RS &Y derad, tYai Bath A ejtecevRgve heat
apparatus further having a Erinary control means which
cEgug¥s teapirHeatl BYEr §y atol oy @rerfditts fosragoineat
heat energ%, thereby ejecting liquid on said heat
leastgpare| ektihny sebskeatet hroulhy sairglusdpzpeconnected
secondary control neans which, upon control of
thgresat at | gwd mpathvbegh dhe teastaithearws dicei detnedhi n
parts to evolve heat energy from the conductor
teorhberedeadn tdfe ther rdevants padt Wiendve aappevke nEtEdygh
- U-shaped pattern, causes at |east said two nmajor
wparhsliguevolwy ejreaedeneay Uiddiet iajgdtinbeappanengy
characteristics and to change the distribution of heat
fenehgy hapiang ed ciramtihg togurdl oese dbieat censegysaid
evolving elenment, thereby controlling the direction
hettegpetdgprewfl vinke ell egentls ef e cdwd Vo brasakcengzzl e.

I'n accordance with a fifteenth aspect of the present
thavenyi ©fsctihey eiigaipr oni et enddwind rejlyeet 8ging
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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appar at us havi ng heat -energy evol ving el enents that
evolve heat energy to eject liquid, wherein said
heat - energy evolving elenments are constructed of an
integral substrate 5g and divided into at |east two
main parts to evolve heat energy to eject liquid by
at least one slit fornmed in at |east part of the
_substrate, having conductors connected thereto at the
ipheerahet e ttwo 2Rai ROPAgEEingG @ jcomdeator oetHe
each of the elenents has thereon a nozzl e through
thkneprorrgurarti ofejtbet edgzaairkitiqgui d tepseby ngividing the
apparatus further having a primary control neans '
nahhchashusesvedive hheht ereeryyf@vdlivivag el epeis irg-o
evol ve heat energy, thereby ejecting liquid on said
thHearaeherqgy sgjiectiingle chenenindtmogylolyand abawre,.
secondary control means which, upon control of
curr ent Af fons nenidnddoghtat sl eastetied twich di videdd mai n
parts to evol ve heat energy fromthe conductor
egenniry étkac Halvé npahtawheterd hevoly ingi alpaetiss arleat
joined together, causes at |least said two major parts
etolevdlacs dmeaigyener gyedht ffeniing wheheah enerigyat-energy
characteristics and to change the distribution of
eWent ienerigndnieatireded st he-tdd @l GnoAnsapdalbeat
energy evol ving elenent, thereby controlling the
sd}bﬁelﬁif@ﬁ HMseied iy Ry the ddrguidnepeehediefy omsai d
nozzl e.
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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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
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 Vi ew)
on an 5h integral substrate, and connecting a
conduct 8?6t%e%*heenetrWngwa&ﬂanga@%erﬁntt%@rﬂ gz¥gded into
pattern, thereby dividing the nmain part to evolve
ahehtrehdng P If 6eIrrgGEdlE] 8Bei 6ANTRERCT twibl Parks fgrrmed
said single heat energy evolving elenment. A first
agnbbdli FeRrafeurdbmesitned wWhehzagkagqubattegreclitngthead
havi ng heat -energy evolving elenents that evolve heat
WeRres gythaseejpeets| phutlte silerleiate Wbibhbatrenmdpoent to
evol ving el enents are constructed of an integra
eaglbsetham, wdsbubbe atuigpaguphtteertn beicreph arswiswntiaddy
have conductors connected thereto at the turnaround
fwactiof ast bezhgzhgepaltierq,paand eadchhoévelne éleetent s
has thereon a nozzle through which liquid is ejected.
eergihededtecendi gyi@ydatngeelcmehntis ateudiwvtaedHent o
a plurality of segnents by the conductor which is
héot g ebdmdrites tlumrariewndspdift tok hbetzegZagipatberos
I n ot her
are connected in series through the conductor.

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



wor ds, those parts of the substrate which are adjacent
to each other, with the turnaround part between,
substantially function as the heat evolving parts

whi ch evol ve heat energy to eject |iquid. Because of
this structure, the heating elenments function as if

t he heat evolvin arts, are connected in series
°PhiBighetheSLORACT TS - bt T EHb SATEAE iL8ScBREEL Red
with a liquid ejecting apparatus having heat-ener K
28{FofvPRGOBI AN T HatRb] VB Hdatcedsergy t é&eéjsécfgJ €
liquid, wherein the heat- energy evolving elements are
t¥BNBEANELRH BF Hh FTREGT dieatsandat difdssdng anzhg2hg
pattern (in plan view), and have conductors connected
cPREPEL Bhara ¢ Rl 1R et Gl tpardhagoe hbe digradbpadeer af
such that the major part evolving heat energy to
hepéceNErgYi dpartiditdedintle atid easthewbepar eserpy
the turnaround part of the zigzag pattern, and each of
evhRévéngnehtrehas thraredon eenioxdle nchitbeghinkicechohi qbi d
is ejected, the liquid ejecting apparatus further
ehavthgnact prierakiawichtaisicieshrfy onhitéle caggés -t he heat
energy evolving elenents to evol ve heat energy,

t her ebyTk¢ elctd ngend 1 qpui e Gl wWwimd ke dreatt seaeregyiejideti ng
el ement through the nozzle, and a secondary contro
ineanst Wit causemiat dagast ttchevolve 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
conductoer.

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



two major parts to evolve heat energy differing in
heat energy characteristics and to change the
di stribution of heat energy inparted to the liquid on
the heat energy evolving elenent, thereby controlling
the direction of ejection of the liquid ejected from
the nozzle. The heat energy evolving elenents are
divided into .at least two nain parts to evol ve heat
energy to eject liquid by the conductor which is
t %neﬁ.at t he turnarqund ﬁart of the zigzag gattern.

Ot heP™ wbr dSORCEhdE® PaFEs® aof acent 0T eBEAYBERRY, @

t.he. Lur nar ound art bet ween, stantial

Fls fof sEERE HeSe £951 97 75t L grar ok REF et cBEpden raagete
ner ] ect qui d. Becaus of this structure
PR %%.%’S B bheeE Sl nCTo LPESPT 12 R9RE et iy fLolving

d t hr ough 't d
S EneRL o1 7 D SRaTror 9%@%%%1‘%%?31?%@?@

trol th
%ﬁ@?%ryu% Toeh B TReHRThS G nsest‘sg v P TIE haapiozag
bl e
FERe BRI o be? R R

nts and t the direction of

@yeg'&v 10%e DA AP SO (08 Gl SR S den suen

éﬂg%%ﬂﬂﬁﬁheatuevolv1ng element is divided into at least

two parts which evolve heat energy for ligquid ejection.
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7 invention is concerned with a process for producing
a liquid ejecting head for ejection of liquid froma
nozzl e by neans of heat energy evolved by a heat
energy evolving elenent, wherein the heat-energy
evolving elenments 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 such that the
heat -evolving element is divided into at |east two
parts which evol ve heat energy for liquid ejection.

BaiBfi Bksbesptiphi 60 ShetbeafXaykngs Fig. 1 is a
sectional view show ng the layer structure of the

head. Figsg.2f 19 2GaE€isK511 PDal ¥h&wsnsha ng. jhe

| ayer structure in each step of fabricating the Head.

EtQucBuks 8rplad yigy of the heating element. Figs.
4A and 4B are resistor networks representing the

neating glepenis. . £iss A Shove Lo enLIL S alruel e

and Fig. 4B shows an equl val ént” Circul or ana
£, S48 AL PO SEOMOR LA oL L

Fig. 3 is a plan 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.



obtained froma sanple in which the spacing D1 is 2.5
pm Figs. 6A and 6B are di agrans show ng the

di stribution of calorific value. These diagrans were
obtained froma sanple in which the spacing D1 is 1.5
pm Fig. 7 is a graph showing the relation between '
the applied electric power (W and the rate of ink
ejection (mMs), with the spacing D and D2 (shown in
Figs. 6A and 6B) varied. Fig. 8 is a set of optical

m cr ophoFbgr aphss sheowiply $hewieat tleyateltd oiprbybetween
heating el enments, with the spacing D varied fromO0.8
bhetapBlDepnel8cEric Powsr a(igr apid stiosM e d hef rigllat i on
between the applied electric power (W and the rate
ef echkonefets) prwith SYhe Wpdcihe spaci gD rram ie® to
from0.8 to 2.6 m Fig. 10 is a graph show ng the
2ebatihon between the spacing D1 and the electric
power to start ejection. Fig. 11 is a schematic

di agr am shewi ng ihe, ﬁﬁgﬁ{ ys%r?@%%éﬁﬂ@ﬂ Yetween

nmeans. Fig. 12 is a an vi ew show ng anot her

ebodh ety ©f dde él?@télr&te} £E Mo FI05 s34 9 ekiGon.

are pl an VI ews show ng t
Fig. 11 is a schematic diagram 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.



heating el enents of related art, which are of

one-pi ece, two-piece, and three-piece structure,
respectively. Best Mde for carrying out the

I nvention A description will be given bel ow of one

enbodi nent of the present invention with reference to
the acconpanyi ng drawi ngs. The configuration and the
fabrication nmethod of the liquid ejecting head
(hereinafter, abbreviated as "head") w Il be

descri betabrisatiFhesheatls2¢iblastize Siectt omabpl| afeforming
structure shown in Fig. 1, and it is fabricated by
sévérah siepsdehfthmareigpquent kaplyypBownlicBnFEgBstrate
2A to 2G 9 Fabrication starts with the first step of

gérifwagersi | iTioa 8ilitdr b LSiSNG ©d&rfodype
silicon substrate 26 (wafer). The silicon substrate

26tuodesgoesahd t ROgEaPRY anehifRCid s edShimg: stigps so

that the silicon nitride filmis renoved by therma

OX1 dabh Ofi t LXGEPE: TRT 1 & halmbied NG, 1M QAL WS fiat ion
transistors are fornmed. Thus, the silicon nitride

TG T e e R R R &

. p,
Bhih&@n opdle fildnd s FOrmed 0 e £i1n remains only in
the region where transistors are formed on the silicon
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



the region where the silicon nitride film has been
renmoved by thernmal 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
structure conposed of tungsten silicide, polysilicon,
and thermal oxidation. The silicon substrate 26
undergoes ion inplantation and oxidation so that the

sniodtmeliiai e s egi Dow+SohosmBeat idh dhf Suseyn the,MOS
type transistors 28 and 29 are fornmed. Here, the

beanstst thie 2fats @ndriNerdtdansistal A0 idrdyeade
heati ng el enent 22 (or heat-energy evolving elenent),

8NEct RE1 §4 BNShned Of o 291 St Fort & ANSE ST 5t LONST itlitd N gion,

the integrated circuit that controls the transistor

38, chseigentaldyy Ao ARSI MNLAP fa ddls A

enbodi nent has a | ow concentrati

bet ween he r?sfépoj{%gffjra%& z‘@i %ir l ga%l\{ﬁestkitqerégl formed

electrolysis due to e rons” accel érat e .
SR e e R o S S Rt e seen
TR SRR BT o e LB el

PSG film 30, which constitute the first _interlayer
%ﬁﬁﬁzﬁqQﬁf%'qqﬁ 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



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 perfornmed to nmake the
contact hole 31 on the silicon sem conductor diffusion
| ayer (source-drain). Layers of titanium titanium
nitride barrier mnmetal, titanium and silicon- or
tbhppdrictntachiragital tive Nusy o eihoeges: sequentiad | ys
The top layer is covered wth an anti-reflection
€oainedlg of titanium nitride. These lam nate |ayers
serve for wiring pattern. The wiring pattern |ayer is

sel ectively pespysd Hyrn Pheb! i bessaphyx o My

etching, so that the first wring pattern 32 1s

§9Y@@ﬁﬁ)¥qtbstﬁgrf$fﬁédWé5iP@rmggﬂéefﬁ%é%ﬁé?%?“%ﬁéﬂhéﬁﬁng

the transistor 29 constituting “the drivi circuit,

J\;\A{‘ﬁ' gﬁéiogfi D LAt gk chL cuidy i é}?%f% %Haocfigqfimf&lm

(tetraet hoxysilane i'S per
59 18P ARE LILE L) Do AL o LD SR,8! iy
B PR | ZEFuYn§ OB MM s B 9L IMRER AY seep s
repeated twice. In this way the interlayer insulating
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



oxi de including SOG and ensuing etchback. This step
is repeated twice. In this way the interlayer
insulating film33 is fornmed between the first wiring
pattern 32 and the second wiring pattern. In the step
shown in Fig. 2B, a tantalumfilmis forned by
sputtering on the interlayer insulating film33. An
unnecessary part of the tantalumfilmis renoved by
phot ol i t hography and dry etching with BC1l3/Cl2 gas. In
thi s wayInhéhheatepvshuingiel Bhent 222 spufosrpty 14
the step shown in Fig. 2C, a silicon nitride filmis

perimedmby SYDiptacessayvklr S8 WSmaihiuh &of0ir86ld W8 tanium,
film23 for the heat evolving elenent 22. In the next

stépcshpwori 8ofpgr. 2Drhspetifee ParésvoOfed heitisid i con
nitride filmare renoved by photolithography and dry

et ehhDgmvhi br GHE3F Chfl/ Alh 088, sSPvd hats thes ragian for

connection to the wiring pattern (el ectrode) of the

beatecevoh Vi Ngy el epenty 22 wﬁ?@@%&@&%ﬂ%ﬂg;ﬁ 1;1%

is made in the |nterlayer ul at1ng

f&@m@&gﬂlqg%M§é£§ . 2E, sputtering is perfornmed to
forma |ayer um num cont ai ni ng titani um

LT RO b B A% R peveenn
35, which has been formed by photolithography 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



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 forned. The wring patterns for
power source and grounding are formed by using the
el ectrode 36 as a nask, and the wiring pattern to

opaneciofifeot ramsi st s 2840 the heato eVly i+ secure
el ement 22 is forned. Incidentally, the protective

bayercorBe Of ish [ LOM #hd i test W Gl d QISP d Ned the
upper layer of the heat evolving el'ement 22, protects

§8€oR@ a1 r BYP| YA ik ) eFBNL5 L2 H D N BL LI Ngs ST e d1Qpy

formthe electrode 36. In the step shown in Fig

toe.Pra) el tlfﬁ%?ségk f silicon nitride (which

functions as the iIn protecting layer) is fornmed by

D procssicdifyc ST o dEnG0r el Ul Wllerar

in a furnace at nosphe 0

en-gontai.ning nitrogen. .. This heat treatnent is
llgyn%sggae&d %oowennslu %ﬁ'ab% ‘e S LEam € VG P element
and 29 and to secure goad connection

ISt
é\/g ?JPFSE?&%%%; @%%%‘%%‘E@m%g 1laygr pe from tantalum

by sputtering. Then, the dry film 41 and orifice plate
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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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

peesshng7y) j twhsceused af tefgd@rmywwdig tHase e tisnk
corresponding to the ink chanber 45 and the ink duct

thetbeshoswndn dihe o1ifése pliderdd issa flat sheet
having the nozzle 44 (a tiny ink ejection hole) nade

above the, head neyg! ¥ime: &l &iend forle RARARI ticn
the dry f?ln141. The resul ting %éﬁﬁﬂ#ﬁéfﬁ%es the ©

poEelaer 06 U RONDEE Sou g Il Ol the
ok LR S Tl SR a8 Brer 35 o
Lantaluny e SRR L AUel 523 309 24 !9 ene
o35 A BREETYY ABOT i e Ema 16! at |2
éfgw). 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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region 27), which are arranged downward fromthe ink
chanber 45 on the silicon substrate 26. In the head
fabricated as nmenti oned above, each ink chanber 45
has one heat evol ving el enment 22 and one nozzle 44
above the heat evolving el enent 22. A detailed

description wll 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 |ine

ZnXihseghatnohd; Fh@veder Astsho¥Detfrddds 3% dheheat as
evolving el enent 22 includes a single undivided

BREL6ALE dbod80nhke a5S UFBSeh1 | GFAGLRtdBIdY iHe 4 an
view. The zigzag pattern may |look |ike a character g,

&rolNving W eMBhed MRYaRe UPrébhn 14 Jgt %B Ol The two

inclined. The zigzag pattern shown in IS an

P R KR e P N AR ﬁ)@ﬂ%@t

%ﬁ% ﬁﬂ@“@afPét 6§F%%£Fgﬂ$§%5%§g$ﬂﬁﬁhoﬁ§nver éﬁﬁ’q;ape

Js at t he, naro rt of the

E%ﬂégjzag pattetn % %uﬁkﬁ TR ?ﬁf &8 A Dnméﬁby
PR ) S S 2 P e
é%%lving parts 22a and 22b are connected 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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The substrate of the heat evolving elenent 22 is 15
an integral one; however, the el ectrodes 36 arranged
as mentioned 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 evol ve
heat energy to eject ink. (These parts will be
referred to as "main heat evolving parts”

her ei naf ree. yeTheetiBa At hpabce €4 OF ¥ NGr P Bnd 2ehantkad 21
22b are connected to each other through the el ectrode

Bhclonaedcabting thenREUNgyPRvin®fc1dhenzi BZag th
pattern. In addition, it is desirable that the main

BeahinBMOLME NEhERT Smd@en §NEl1 2R Pn SR OLbFL PEL ¢ Wianpsad

as showmn in Fig. 3. This arrangenent of the main heat

8Y¥OL¥iNG cPahlist 224 @fddgg o1 St B ik Aln ;;9 1%%1@51? nt.

t wo- pi eCe heat evolving elenents 1A an own

00 3B ARG 4 sSSP, U e U
PRLESE S JEBET S SIS R Gl e,
B Dl e o By 9, £ et 2B 0 SLhh o
c())r nggp;?eeé,v\et nerte ey L]_oraenxgerfthiengedt ee breakage.

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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36a of the electrode 36. The follow ng explains the
reason why the spacing (D) should be greater than 0
mm 16 The related-art process for producing the head
21 includes coating the heat evolving elenent 22 with
al um num and then renoving al um num covering the heat
evol ving el enent 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

Shi&i brengs sébbengt boor piieubhtidmnum i s repl aced by
alumnumalloy with silicon or copper, thereby

prevent i Tige t her & SaKQTEroSHTH B WFIMHB Al PYEo PRy Efhe
| eaves silicon or copper as dust on the heat evolVving

elesepbae2zghen dluhsnufli SSolyad Rg@Fhem o paant.
As an alternative nethod, dry etchihg is enployed to

EGODYEnG! AHE MM PECAYSE, ATy &%ﬁﬁﬁsﬁ%% decan e

copper to conbine wth alum num [low away
Lo Py Sl 0 IO L i
o o et 48, | R 22 ) SLLAGANTL e R, e
%éﬁﬁéﬂiﬂa é%@éé%ﬁﬂﬂégkfgﬁ¥3applied to the heat evolving
element 22 flows from the main heat evolving 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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attacks that part of the underlying silicon oxide film
(such as the interlayer insulating film33) which is

not covered by the heat evolving el enment 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. 17 This brings about poor

i nsul ation. The foregoing trouble is avoi ded by

formng the electrode 36 of alum numin that region
oépthschehtg ehelvéag evelenig 22l ahéeth 25, outsg dead hehows
top end (L) of the slit dividing the prongs of the

the shapede pat t€cturd Nendpacd N Dnowx caeding L At
produces the followng effect. Current applied to the

Bedtu ey ok ¥t Nena By &8Nt BLe fdonss @M tiher iRl nednsists
evolving part 2Za to the main heat evolving part 22b

shrongh the: ol oct rofe 36,2 a0tk 1 ey spasi N, A% 18 1 re

spacing DI becones Targer,” current concentrates nore

Bgfdh msn P Sl s LR e

evolution int evol'ving el enent

on B[ty o1 Lhd 18 509900 a1 268, L w1
oyl U dhd Bl JER PR IR, Srolung, ST
embodiment 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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whi ch is not divided but includes the main heat
evolving parts 22a and 22b continuous through the
spacing DI is that there occurs less variation in
flush at the tinme of current application and there
exi st less satellites. An optimal value of the spacing
DI may be established as follows. Figs. 4A and 4B
show resi stance networks 18 representing the heat

evol ving el ement 22. Fig. 4A shows the entire

SL1UChYr ee@Bdpi Bt s 48 9HOME ANt 8L NG efe £ G g Qing
anal ysis. The one shown in Fig. 4A consists of unit

peskators. of tetragonal lattice, with the entire
region assumng a square and the central part

(oot eopompbrad bl UL, 0ot pIBHEC dUm B, nicn
%@ﬁni?gl n@agéﬁ'fﬁic%[%mispg g@r% ﬁdcwer.zrhgeerper?atec} lby

paC|ng overa

Thehide %h hfe?b%ﬁf S 'gé P i o b | @eaeﬁqedqzwelpﬁr@mtguo&
36
% p%é‘*%rtmaeﬁtﬁ{e”"“” el ee‘(ﬁ(:w%l%t phirt esemsat ’

%%% |n1e osed between then). In other words, S
% VantT %ﬂl} Hét 1Fari-h 38 nfbrtd &nd diddsct .6&1)%6# 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 um, D2 22.5 um

{(2) DI = 2.0 um, D2 = 22.5 um

(3) D1 = 4.0 um, 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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mai n heat evolving parts 22a and 22b in Fig. 3. D3 is
the width of the slit 22c. It is assuned that a
voltage of 2V is applied across the electrodes A and
B of the resistor network. The electric potential is
bal anced and hence is zero at the central part of the
spacing D. This may be represented by an equi val ent
circuit shown in Fig. 4B. This equivalent circuit
denotes that the voltage (V) is applied to the

élb¢ct pode A.orum, op2thezasgupption that 19 all the
zero points connected together are at the ground

pat enti 8hx dRpSr2MBhYS| feBBYEnENCIBHTE ENEnEi Sidd Uy i
which permts the calculations of electric power

daRekebedcbseaft yLdyal fesistors. The thus

cal cul'ated distribution _power consunption or heat
and 55 and F5eT BR ShorBRtt Meits OB D gk ol
B0, OB, 201, 150 LE O FRTPLSop L LM U, i
BB 1B GBS REC, L1 0ol 8 11 bl ch Ui speciig,, B,
Shabel poiionesl hept £YoLul on on, e heal evaluing .,
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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tenperatures. The rel ation between the applied

electric power (W and the rate of ink ejection (ms)
vari es depending .on dinensions of the spacing D and
D2 (in Fig. 3) as shown in Fig. 7. The dinensions of

the spacing DI and D2 wused in the experinent are as
follows. (1) D = 0.8 pm D2 = 22.5 pm (2) D = 2.0

pm D2 =22.5 pm (3) D =4.0 pm D2 = 22.5 pm (4)

Db =6.0pm D2 =22.5pm (5 D =2.0pm D2 = 23.0
BEL2dng 6Dl Dbxceddd PG 2. = B4R PR 1 SpdbendiXl of 2.2 mm

experinments nentioned above, the spacing D3° was kept

andsianges} Oh8 RALt TEEOILSHEtSpOf L£XPEhE B SiSROM ed U-
that the sanple wth the spacing D of 2.0 pmis

BREPEIbébARsE halirveh D ribRiSPaCh AR Qe OsSaPmd i he

rate of ink ejection by about 15 to 20% It 1s also

F%s&mm@&eéhe Katenof riok ¢ eiﬁ?éi%ééaﬁ%%'%’%g n%&f‘or

he case of sanples avi ng the spaci ng _
Lot R SRty S JELE SRR, fo
épglving parts 22a and 22b) decreases. With the spacing
Dl of 2.6 pm and lager, the concentrated current is
observed in the spacing 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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rel ati on between the electric power applied to the
heat evolving elenent 22 and the rate of ink ejection
was investigated and the heat-evolving spots on the
heat evolving el enent 22 was observed, with the

| ength of the spacing DI varied. Fig. 8 is a set of
optical m crophot ographs showi ng the heat evol ution
of the heating elenents 22 (when the heating el enents
22 are baked), with the spacing D varied fromO0.8 m

t0edt0ipnpandrl heTppageAgon DEokephi oNst @At 8 h@ e PfRent
It is noted fromFig. 8 that the shape of heat

9&95%@ gtﬁE@ﬁgﬁ eﬁﬁé n§%§&£@§t pi NerS@IRI A Qfel NEs S %J&nt
of 0.8 to 1. ut beglns to expand upward ‘as

EB@nghépﬁéé@ﬂn%tgﬁéﬁgegﬁoén &%tHBthﬁl§ﬁa§H@grégult

2.2 pm and rger, the heat evdlvihg spot assunes

@Ha’c ”¥ﬁét§9b§ax§{‘f‘£’f DECRUSE ﬁ%ﬁfﬁ 49 Sul@@c{%@e@@m

he spaci ng redom nat es.

§ Psta I heat evol vi s { he area
SHOS RO o RUSRt e%%%gt’b%rﬁ%{%facp i 99h)decrdisd
decreaseé i@ t he igﬁfl D OfJéﬁg m _a d Ia

the concentrated Tutr |§?% en

9 shows the relatlon bet ween the a I|ed

%ﬁe Spé%l D1 ané the electric power to st£¥% ejection.
It is noted from Fig. 10 that a large amount electric
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.
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electric power (W and the rate of ink ejection (nfs)
that was observed in sanples, with the spacing D
varied fromO0.8 to 2.6 pm It is noted fromFig. 9
that the sanples do not greatly vary in ejection
characteristics so long as the spacing DI is in the
range of 0.8 to 1.4 m However, the sanples with the
spacing DI in the range of 1.6 to 2.0 pmget the high
rate of ejection soon wwth a smaller anmount of

el ectri cTheweecoftiasyi scat tol butabt ecdwsédethdeatsd ngain
spot that expand toward the spacing DI. By contrast,
hhetsanplesnyi hbatde23pashag2fb o Sv@lve ansht aboyegy in
are as slow as those with the spacing DI in the range

0L fBeBehd Madnst} otigetebPevSapens atige ofi &f €U OTbn of
Wth the spacing D increasing to 2.4 and 2.6 pm the

hahe ehefyfCimPirtles €asask f Mot der S AMUAL 1 Pfng2.
electric power. The reason for this is that the

SUERERE 2Pagsh NG {FOLOh & e, SRt dg: n Riedam néaj'tegc.st:ion

as apparent fromthe heating spots shown in Fig.” 8,

wah the xesid 24 hat the substantial area of heating
spot decreases and the amount of heat energy

et UEhS e REL RSl oD P B
@érﬁ:cltgifecpoov}’ﬁry tboy S‘cthaer tpre' meaClI}Ir ocndntrol 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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It is noted fromFig. 10 that a |arge anmount electric
power is required to start ejection as the spacing D
exceed 2.0 m and the electric power to start ejection
becones m ni mal when the spacing D is about 1.8 m It
Is concluded fromthe foregoing that the spacing D

of the heat evolving el enment 22 should be in the
range of 1.6 to 2.0 mif the spacing D2 is 20 m In

ot her words, the spacing DI should be 0.08 to 0.1
mafshehe spatvihggDRarts 2hasardbdelh nentn ddkitej@ct idne
is controlled in the follow ng manner. The head 21
hhsetheepistary ROndire®l imeanseanto theflsacandardirection
control nmeans for ink ejection control. The primary

ofintnil efreansot AUSESe theaheastofY bV N elaieds 22t ion
evol ve heat energy, thereby ejecting ink above the

hsabweveh¥i Nfo el enenfa 22 AEOM dHe1 v V07 2 6144 22%3 aHH? 22b.

secondary control neans causes the two main

evol Vi ngsm@ Q@’a %gg&l{g r{%?gst ributi OI’]rEl

di fferent” manner, thereby varylng t of

r viWg
%fgiéﬁpg%%%g%gn%% troI |ng tﬁgg%ﬁ}eg%?on %ﬁ@ﬁﬁ? )

§§ﬁ5@i§”ﬁl and LZ represent AND gates to enter binary
values. Symbols Bl and B2.represent components to enter
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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fromthe nozzle 44. In the related-art technol ogy, ink
ejectionis controlled only by the primary contro
nmeans (that performs ON and OFF), whereas in the
present invention the primary control neans is

suppl enented with the secondary control neans that
controls the direction of ink ejection. Fig. 11 is a
schemati ¢ di agram showing the prinmary and secondary
control neans. The exanple shown here enploys 2-bit
Bdntophestgdals serisstioo seietheanslstre@ntQd lowd noo
through the main heat evolving parts 22a and 22b at

tanrehevel sws ThhBowganshd haés 1 fec i K@cddrate@fed iK the
ejection is varied in four steps. According to this

erbndi 586t ghownd e Greddit, tHige r&8d Sl@ANCE Qfrddic
mai n heat evolving part 22a is snaller than that of

£ D8w IR Nt NERLgIe VIO 1 i DA 2 22Dy 01 Wi n sl A4 oip, tihe

heat evolving parts 22 are constructed such that
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at the mddle (the turnaroun etween t]
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é&éﬁ%&ﬁ#{hﬁéﬁ(ﬁ?¥<é%é%%ééng i@g%tgﬁgﬁﬂ€“5¥“%g§% ég%n the
main heat evolving part 22b. With this setting, the
direction 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

26



as switches for the main heat evolving parts 22a and
22b. Synbol "C' represents a conponent to enter a

bi nary control signal (with current representing "1
Synbols L1 and L2 represent -AND gates to enter binary
val ues. Synbols Bl and B2 represent conmponents to
enter binary signals "O or "1 into the AND gates (L1
and L2). Incidentally, the AND gates L1 and L2 are
supplied with power fromthe power source VH \Wen
sugnahs fepwesenthogilC thd math (at BYorvily pdht @
entered, the transistor @ becones active but the

beanse st ons1 BrapfakBeiLmaim i ecd s heseeiiput (B1,
current flows through the three resistors Rd). At

BP) S=T (0P, 1) CULRephid ncpaual cramapd § Hdovseddr-euah ghe

mai n heat evolving parts 22a and 22b. In this
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| ess amount of heat than the main heat evol ving part
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this setting, I rection

' ' ' ed |ef.tward, so that ink drops
eeg(?cjﬂtcgl{]wajf% ?%Eei$ge§?ge4nloéh ernd'si gnal s representing C
= 1 and (Bl = are ent d, current flows

, = 0
t hr ough the ‘f%")“?seséétroerssl)%rﬁc? & r SFiTh &N es to

the transistor but . ng
evéﬁv1ng parts é%% and'b2b 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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current flows through the resistor Rd connected to the
transistor 2. As the result, the anmount of current
flow ng through the main heat evolving part 22b is
smal ler than that in the foregoing case (with (Bl, B2)
_ (0, 0)). However, in this case, too, the main heat
evol ving part 22a evolves a | ess anbunt of heat than
the main heat evolving part 22b. Wth this setting,
the direction of ink ejection is deflected |eftward,
biecthkn fropstheadostightdy Imghdves d-hidaseime ihe
foregoing case. Wth input signals representing C=1
qudl{Bl;, B2) = (0, 1), current flows through the one
resistor Rd connected in series to the transistor @

but no Cﬂltﬁﬁbﬁhfbﬁéﬁeﬁﬁw&&ﬁghﬁrEEtﬂEérﬁ%@éﬁﬁ%“id%%ntlon

connected to t transi st or . As the result, the
BEBURLRf mENFE ALy ShoW ngc}jié‘ A€ I'Eﬁ'iatls not
evol ving part 22b is nuch er t In the

1 Ohe00k (Bl , ) mever, in
this casngo :bér%v: %%elgét Vevo Ovl?sn Jm %él a and 22b

evol ve t %E%Pﬁ@urgh digats, Wi thngde eI ettyzn?day

the direc eJec ion 1sn

}?Anr ouzgg]]; nlf kpe%et rné%:'lnst n%d’(o BZ)pé% & eq{ ];lloﬁtEd
t ' atnSI St q‘[lch re arqgangAeSd tlf;le ar ezsll{_:}ztag tpfé%taer]r:%urltn %flan
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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26 current flow ng though the main heat evolving part
22b  becones smaller than that in the case of an input
(B, B2) = (0, 1). In this case, the main heat
evolving part 22a evolves a |arger anount of heat
than the main heat evolving part 22b. In this state,
the direction of ink ejection is deflected rightward.
The val ues of resistance of the nmain heat evolving
parts 22a and 22b and the resistors Rd are properly
adj ust edMsoethat, t heedprentironcofitiok wéecsiofn s
changed according as the input (Bl, B2) takes

duppeemahtydl wesh tBe SdcohdarD)cokOrol)meng £4.tHAt
as nmentioned above. In this way it is possible to

heke enkrdyops &9oltbéd fRedPEESLLNY @Mrﬁtaﬁ@%ence the
different places (total of four; one through t he

gL eee€t bheopef Rrnd) éé'i:féntPr&ﬁeth@rﬂa R&Snt 40 eq.
at the left side, and one at the rig t SI Any one
position can be chosen according to the tmo |nput
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 neans
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so that ink drops head the desired positions. In
addition, properly deflecting the direction of ink 27
ej ection fromthe nozzles 44 inproves the printing
quality. Al though one enbodi ment of the present

i nvention has been nentioned above, the present
invention is not |imted to it but can be variously
nodi fi ed. For exanple, the heat evolving el enent 22
may have three or nore nmain heat evolving parts (not
limted to twd) which arecearanged in a zigzag
pattern in plan view In such a case, the el ectrodes

may be formed Dygud @ayi &@t 2n§ PAEADNh LG esRaNENG-dP
the spacing D1) I1n the turnaround parts. Such a

gvdified enbnehreningt theivbeataevehukgy ehemstt?diquid,

is shown in Fig. 12, in which hree main

|
evol Vi ng,pafd S, 252@1& %@gt?l | C&ﬁrfl A AC(r:h i eements are

substrate I ndustri al ng to the

(%lslﬁg e su sﬁga{%pca&é%%;%ﬁ ﬁéﬁa\g ga? P réﬁ Qz{lﬁazoafg

ég%%eﬁwoL%{Q%_ JleWWhls structure is equivalent to
or mng ieat evoIV|nd ‘parts connected in series by
conduct qqr v1n-|éh%o|?1%cteovrosl Vclonrgiepcelltretds tzf"leretod 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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to evolve heat in individually controll ed anounts by
specifying the position of the conductor on the heat
evol ving el enent. 28 Moreover, the prinmary contro
means is supplenented with the secondary contro
means so that heat energy is evolved in different
manners and hence the direction of ink ejection from
the nozzle is controlled. 29 CLAIMS 1. Aliquid

ej ecti ng head having heat-energy evol ving el enents
thaetevoted bfatnenetgyrid sjlestriiquid covherieia said
heat - energy evolving elenents are constructed of an
anpegrahasabgt Uatkkapad spiet & zi@ze0an patdwyrn (in plan
vi ew), having conductors connected thereto at the

t ur nar ounglv Pag t cOhdlidiEs s JZaEn P L@ the Al eaCh i the
el ements has thereon a nozzle through which liquid is

ehegseund. pArt i Gl €h&) {68+ N1 Meach Payldis ieatsanargy,
evol ving el enents that evol ve heat ‘energy to eJect

T S BB R SR Shrousn
#hO23% i quid is ejected.

4. A liguid 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
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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pattern (in plan view), and have conductors connected
thereto at the turnaround part of the zigzag pattern
such that the main part evol ving 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. 3. Aliquid ejecting head havi ng
heat - energy evolving el enents that evolve heat energy
to ej ect hbhivggdconwheters Sahfebead - ENErgyo exol thdpart
el ements are 30 constructed of an integral substrate

andtBEeNPwbSRhedpPhOXh B LLY dksShppedePatb§efhdlr plam
vi ew), having conductors connected thereto at the

turnarougdcRabt Ohet BEARRESXh MBL Ehyribshapesh PAL i@ bugh
each of the elenents has thereon a nozzle through

Whi eR iggggg ks g%g@{gg. 4. Aliquid ejecting head

havi ng héat - energ evol ving el enments that evol ve heat

O 8L L, S 8 T AL S sy
SUBBL AL o AR ROIPLL 2650 BRRLONLIR S S DIPEA IR LS i,
at the t&%é@%f%”%k é”ﬁeég—energy evelving 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 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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the approxi mtely U shaped parts, such that the main
part evolving heat energy to eject liquid is divided
into at |east two parts by the turnaround part of the
approxi mately U shaped parts, and each of the el enents
has thereon a nozzle through which liquid is ejected.
5. Aliquid ejecting head having heat-energy evolving
el enents that evolve heat energy to eject |iquid,
wherei n said heat-energy evol ving el enents are

whnshr uttretld of s adjeategral substrate, conprises at

| east main parts divided by at |east one slit forned

in part ef AhEi@MD&téﬁé@tiﬁé- hayd Nga £0 WS B Senergy
connected thereto at the part of the two where main

gabloiageel &hOREst pESENRL 01980 heaeh cabrhhe tel @RS 13iquid,
has thereon a nozzle through which liquid is €jected.

fnefelh oy gy o) &t i 00 he@d-havd Ngy healn &Nar Qe evol ving

el ements that evolve heat energy to eject |1quid,

M@ﬁé@fﬁbé@ﬁchfqgﬂ'fﬁ%g r%fvg% éggkﬁé(ﬂgggﬁﬁé”§5%%%fag

constructed of an i1nte strat e’, conpri se
EBEpr R0l n S YOO8 TR I Q0P AEE L
%Héf%tégﬂftthe 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 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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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

el ements has thereon a nozzle through which liquid is
ejected. 7. Aliquid ejecting head havi ng 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, assune a

zigzag paEtein £iiddphastvesdlrgyhavbDgi €@rsUehoiSs are
connected thereto in the region outside the inner

tuhBarauaddl bpezAt iﬁb§?£é|[ N3neyndaPar tcofrides zigzag
pattern, each of the elenents has thereon a nozzle

bppedghmade1ywhiychn b aui g8 eigchedy Sie | 1 quid

ej ecting head having heat-energy evolving el enents

that evojye; e@?oﬁcﬁ‘@é rd OcBhRELL LY %%et ‘j{ g%ﬂl%ﬁﬂi,éjion

_heat -ener gy ving el enents _are constructe (
LLeRaLCVOBLAR L PRTAEd TLSES, PR LU P
FROLED SHPLSRS 00 { B e e

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

34



mai n part evolving heat energy to eject liquidis
divided into at |least two parts by the turnaround

part of the zigzag pattern, and each of the el enents
has thereon a nozzle through which liquid is ejected.
9. The liquid ejecting head as defined in claim 8,
wherein the heat energy evol ving el enent has ot her
conductors connected thereto on the opposite side
beyond the main part fromthe conductors, the distance
ptoert hentlucharsuadnheoeeof théeetdi giaghpadpesfito dive
edge of the conductor is 0.08 to 0.10 tines the

degbadcehbennernpsat df eomMdtiEs OF caldcs8td, ot her
conductors. 10. A liquid ejecting head having

heat - enetgy deyohNEQIrLERMERL St Pdd rSYRQL VE Heatr ened gy
to eject liquid, 33 wherein said heat-energy evol ving

ebeABRL Ha 8 By @Dgﬁéﬁé&tﬁgr@é an il egy é%béﬁéegéhductor
conprises an approximtely U shaped part (in plan

ysew) gs hayi dg1 §0pgics of 19, connest ed k‘é?tﬁ%eeé@aéﬁtigceonductor

regi on outside the Inner turnaroun ne

L4618 L8NSk K ook, 416 APPY OXi mat el y U-shape part,

13. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy toc 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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each of the elenents has thereon a nozzl e through
which liquid is ejected. 11. Aliquid ejecting head
havi ng heat-energy evolving elenents that evol ve heat
energy to eject liquid, wherein said heat-energy

evol ving elenments are constructed of an integra
substrate, conprises an approximtely U shaped part
(in plan view), and have conductors connected thereto
in the region outside the inner turnaround |ine at

t he turnasoeimg eafiduefotiecoandtoxd neieterd)tshape: region
part, so that the nain part evolving heat energy to
epecidéi bt dsl st diwi tled pato wherd eastd tiwm pRL1s drts
the turnaround part of the approxi mtely U shaped

past jormeh obgétieee) enents has thereon a nozzle

through which liquidis ejected. 12. The liquid

ej ect i ngedetadoAstitefé heflenfis chaés Nhebkdsowhe med 2x Tdhechrough
heat energy evolving el ement has 34 other conductors

wlohwiecl eguider £t@jomntdde opposite side beyond the
mai n part fromthe conductors, the distance fromthe

t ur nar oundl. | i Tiee afidunied @ppriodidgratedy 44 shapekdai sslaim
to the edge of the conductor
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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is 0.08 to 0.10 tines the distance between said
conductor and said other conductors. 13. Aliquid

ej ecting head having heat-energy evolving el ements

that evolve heat energy to eject liquid, wherein said
heat - energy evolving el enents are constructed of an

i ntegral substrate, conprises the heat energy

evol ving part divided into at least two nain parts by
at |l east one slit forned in part of said substrate,
havi ng_conductors connected thereto in the region
vhishdéighédsipt eaectnd, part where said two main parts
are joined together, each of the elenents has thereon

a nozzl esehfodgAuigdhpinctingi arrgrafest éurthgr having a
l'i quid ejecting head having heat - energy _evol ving
BFémaaYsCPRAroévBEIBShEhicBnepgyesosafidchept ganetoy
wherein said heat-energy evolving elenents_are ) )
YAV DEt edeBEnhA Fatefpareshpatr aperg¥onphesely teecting
heat ~energy evolving part divided into at |east two
faffHigaphssaid bpektcherdYechergying eleeenti Fureuyy said
| east one slit formed in part of said substrate, 35
Ra%7h§’ conduct ors connected thereto in the region

outside the slit at the part where said two main p

ar
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 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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are joined together, each of the elenents 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 enment has other
conductors connected thereto on the opposite side
beyond the main part fromthe conductors, the distance
fromthe end of slit to the edge of the conductor is
0.08 to 0.10 tinmes the distance between said
conduct or and sai d other conductors. 16. A liquid
1§36% g BEFAtalys thRabirganedrderérdy %dvshei ng

el enents that evolve heat energy to eject liquid,
aphrdrsimadsly Hestaerer B¢ révol ving el enents 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 evol ving heat energy to eject
liquid is divided into at |east two parts by the
turnaround part of the zigzag pattern, each of the

el enents has thereon a nozzle through 36
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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 elenents 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 flowi ng through at |least the two divided main
parts to evolve heat energy fromthe conductor

connected to the turnaround part of the zigza%

patt er n€3€husésthe alemsintsaib@st bewgpsr apaprzs leo through
evol ve heat energy differing in heat energy
whHstadtlgriet tesedREtES .change the distribution of

heat energy inparted to the liquid on said heat
energy é#ofvihguéFeRERCEiNNepEPRrabHEr S1FERgT hR¥F1NG a
direction of ejection of the liquid ejected fromsaid
ProyAry. central| mgard whdehi fguspparatdshepaveRgray
heat - energy evol ving el enents that evol ve heat ener%y
evglEiegt eLPHENES (ReF¥PAVEahaakeanesrr gfhevEbYi Rgecting
elenents are constructed of an integral substrate,
1igHpHi 8B ﬁ‘ﬁldaB%ﬁBxPﬁﬁFéleew9§ﬁéﬁédegﬁ¥l?ntli hhgpggh said
view), and have conductors connected thereto at the
NPEEhEr ound part of _

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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the approxi mtely U shaped part such that the main
part evolving heat energy to eject liquid is divided
into at 37 least two parts by the turnaround part of
the approximately U shaped part, 37a each of the

el ements has thereon a nozzle through which liquid is
ej ected, said liquid ejecting apparatus further having
a primary control means which causes said heat energy
evol ving el enents to evol ve heat energy, thereby

ej ectin liquid on said heat energy ejecting el ement
t hr ough "$&i@9 FeRgve ogsc snpacygtednttheirefpans Whechart
upon control of current flow ng through at |east the
Wiggeditiedé@ondiedn parcts eseevolivednsgueshergy from the
conductor connected to the turnaround part of the
approxi mately U shaped pattern, causes at |east said
two major parts to evolve heat energy differing in
heat energy characteristics and to change the

di stribution of heat energy inparted to the 1liquid on
sai d heat energy evol ving el enent, thereby

controlling the direction of ejection of the liquid

ej ected fromsaid nozzle.
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18. Aliquid ejecting apparatus having heat-energy
evolving elenents that evolve heat energy to eject
liquid, wherein said heat-energy evolving elenents are
constructed of an integral substrate and divided into
at least two main parts to evolve heat energy to
eject liquid by at least one slit forned in at |east
part of the substrate, 38 having conductors connected
thereto at the part where the two main parts are

j oi ned together, 38a each of the elenents has thereon

a nozzl eathr e#ghhewaiehehit@Uind sl $heir@ehed, nsaidel tA¥bAgh
ej ecting apparatus further having a prinmary control
wheahs Iwhuch dausgecsad] sheat 1eagnidy egeelkinggaphbarents
to evolve heat energy, thereby ejecting Iiquid on
feaicbemeatvengr gy pefmetryngonelredenkeanlr ahgbhhsandses said
nozzl e, secondary control means which, upon control of
hegtr enerplodivag vithgoadhmantsesst eviod vewbeditviededgai n
garts to evolve heat energy fromthe conductor
thenpkYt edectédnghéipuie @RepaifhbethocpairaYpaiestane
ejlloineg %8gether, .causes_at | east said two major parts
B |

men HBEF sald 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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energy differing in heat energy characteristics and to
change the distribution of heat energy inparted to the
l'iquid on said heat energy evolving el enment, thereby
controlling the direction of ejection of the liquid
ejected fromsaid nozzle. 19. A process for production
of a liquid ejecting head havi ng heat-energy evol vi ng
el enents that evolve heat energy to eject liquid from
a nozzle, said process conprising formng said energy
ejecting elements in a zigzag pattern (in plan view
said adngdtepeat snbsykakeplandgcenagehtng a conduct or
to the turnaround part of the zigzag pattern, thereby
dividing the main part to evolve heat energy for
l'iquid ejection into two parts on 39 said single heat
energy evolving elenent. 39a ABSTRACT A liquid

ej ecting head having a plurality of heat evol ving

el enents 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
evol vi ng
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el ements (22) that evolve heat energy to eject |iquid.
The heat-energy evolving el enents (22) are constructed
of an integral substrate, assune a zigzag pattern (in
plan view), and have conductors or el ectrodes (36)
connected 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- evolving elements has

t hereon a nozzle throughamerrACT! i quid i s ejected.

A liquid ejecting head having a plurality of heat
evolving elements formed on an integral substrate without
being divided into more than one part, so that it is
capable of controlling the direction of liquid ejection.
The liquid ejecting head has heat-energy evolving
elements (22) that evolve heat energy to eject liquid.
The heat-energy evolving elements (22) are constructed of
an integral substrate, assume a zigzag pattern (in plan
view), and have conductors or electrodes (36) connected
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-

evolving elements has thereon a nozzle through which

liquid is ejected.
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