DESCRI PTI ON LI QUI D EJECTI NG HEAD AND LI QUI D EJECTI NG
DEVI CE Technical Field The present invention relates
toaliquid ejecting head for ejection of liquid by
means of heat energy, which 'is enployed for |iquid

ej ecting apparatus such as inkjet printers, and al so
to aliquid ejecting apparatus provided with the
-l'iquid ejecting head. Background Art Anobng
conventional liquid ejecting apparatus such as inkjet
printers is that of thepgpatriypeomhich is - designed to
eject liquid by neans of a pressure of bubbles-

evol ved by rapid heating of liquid with a heating

el ement. The heating el ement nay assune different
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Pat ent Docunent 1 (Japanese Patent Lai d-open No. He
8-118641).) Conventional heating elenents may take on
iecganguhaé.sggpes as shown in Figs. 13A-to 13C which
Fe"ptan ¥iBwWs. The one shown in Fig. 13A consists of
a 1 single conmponent 1 which assunmes a nearly square

pl ane. ¥The BReSShbwWn TR H 7 13BRtohstetd bFatid

conponent s 1A , ) ) .
ejecting head for ejection of liquid by means of heat

energy, which is employed for liquid ejecting apparatus
such as inkjet printers, and also to a liquid ejecting

apparatus provided with the liquid ejecting head.

Background Art

Among conventional liguid ejecting apparatus such
as inkjet printers is that of thermal type'which is
designed to eject liguid by means of a pressure of
bubbles evolved by rapid heating of liguid with a heating
eiement.

The heating element may assume different forms.
It may be & single entity or an assemblage of two or more
parts placed in one liquid chamber. (See Patent Document
1 (Japanese Patent Laild-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

1




and 1B divided in a nearly square region. The .one
shown in Fig. 13C consists of three conponents 1C
1D, and ‘1E divided in a nearly square region. The -
heati ng 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 electrodes are - :
indicated by 7U and 0 in the figure.) The heating

el ement shown in Fig. 13B has electrodes 2A and 2B
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2 el enent consisting of two or three conponents (1A to
g@pplied with current through them. (The electrodes are

indicated by @ and @ in the figure.)

| The heating element shown in Fig. 13B has
electrodes 2A and 2B attached thereto as follows. The
électrodes 28 (@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 compcnents 1A and 1B so
that it connects them tocgether.

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 compénents 1C and IE. The electrode 2D (@)
is attached to the ends of the components 1C and 1D so
that it connects them together. The electrode 2F (@) is
attached to.the ends of the components 1P and 1E so that
it connects them together.

Figs. 13B and 13C indicate that the heating
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is constructed such that the conponents are connected
together in series. In the heating el ement 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
~heating element (shown in Fig. 13A) consisting of a
singl e component - suffers the problemwth a | ow
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fromtheir entire
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 one (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 component néeds low-voltage
current more in proportion to is low resistance, and
hence it is wvulnerable to power loss and voltage drop.
Therefore, the heating element of this type is not
suitable for an apparatus in which many nozzles afe
Jjuxtaposed.

It is to be noted that the heating elements shown
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surface upon voltage application. The area that

ef fectively contributes to liquid ejectionis |imted
as indicated by dotted lines. The result is that the
heating el ement consisting of two divided conponents,
~as shown in Fig. 13B, has an area (a slit between 1A
and 1B) where there exists no heating elenments. This
inplies that the central part of the heating el enent.
remains at a |ow tenperature. On the other hand,
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suggests that a square one- plece heati ng el ement has
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except that it needs a specific power source. In

pretei chere¢texsskpown heateiretel¢repnts r atHers implies

uniformy. The present applicant had previously
praposked @entral 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. In other words, they vary
in performance. In addition, the more the heating
element is divided intoc components, the more exist the
regions generating no heat. To compensate this, it is
necessary te raise the temperature per unit area of the
heating element. This, in turn, rapidly deteriorates the
heatiﬁg element.

The foregoing suggests that a sguare 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.




method for controlling the direction of ejection by
means of a plurality of heating elenments placed in
one liquid chanber. (See Japanese Patent Application
Nos. 2002- 112947 and 2002-161928.) This nethod,
however, does not achieve its objective easily with
one-pi ece heating elenents forned in a shape
resenbling a square. Disclosure of the Invention The
present inventors tackled the foregoing problem by
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one- pi ece type) are so forned on a single
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According to the present invention, the heat energy
evol ving elenents are divided into a plurality of

Disclosure of the Invention

The present inventors tackled the foregoing
problem by employing a plurality of heating elements (of
one-piece type) which are sc formed on a single substrate
as to control the direction of ejection. The objeét of
the present invention to solve the prcobklem is achieved by
what is defined in the following.

The first embodiment of the present invention is
concerned with a liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject liquid,
wherein the heat-energy evolving elements are constiructed
of an integral substrate, assume a zigzag pattern (in
plan view), and have conductors connected thereto at the
turnarxound parf of the zigzag pattern, and each of the
elements has thereon a nozzle through which liquid is

ejected.




segnents by the conductor which is fornmed at the

turnaround part of the zigzag pattern. In other words,

"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

the heat evolving parts are connected in series
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“ppjor part evolving heat energy.to eject liquid is
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liquid ejecting apparatus further having a prinmary
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nozzle, and a secondary control nmeans whi ch causes at
heating helements function as if the heat evolving parts
are connected in series through the conductor.

Another embodiment of the present invention is
concerned with a liguid 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
thereto at the turnaround part of the zigzag pattefn such
that the major part evolving heat energy to eject liquid
is divided into at least two parts by the turnaround part
of the zligzag pattern, and each of the elements has
therecn a nozzle through which liquid is ejected, the
-liquid ejecting epparatus further having a primary

control means which causes the heat eﬁergy evolving.

‘elements to evolve heat energy, thereby ejecting liquid
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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 elenment, thereby controlling
the direction of ejection of the liquid ejected from
the nozzle. According to the present invention, the
heat energy evolving el ements are divided into at

|l east two nmmin parts to evolve heat energy to eject

Lhavhd R¥at h@nefg?déﬁeeﬁlﬂg'&feﬁén{0Eﬂ?9u€ﬁo%ﬁ§rnozzle,

turnaroun part zag pattern
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fromthe nozzle. Brief Description of the Draw ngs
Fig. 1 i&ceosétnyohal the ewrssovk ninvertiayerthe heat
energy evolving elements are divided into at least two
main parts to evolve heat energy to eject liguid 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 conneeted in series through the conductor.
The primary control means contrecls ejection of
liquid, and the secondary control means causes the heat
energy evolved by the main parts to vary in heat energy
characteristics. In this way it is possible to change
the distribution of heat energy on the heat evolving

~elements and to control the direction of ejection of

'liquid ejected from the nozzle.




structure of the head. Figs. 2A to 2G are sectiona
views showi ng the |layer structure in each step of
fabricating the head. Fig. 3 is a plan view of the
heating elenment. Figs. 4A and 4B are resistor
networ ks representing the heating elenents. Fig. 4A
shows the entire structure, .and Fig. 4B shows an

equi valent circuit for analysis. Figs. 5A and 5B are
di agranms showi ng the distribution of calorific value.
These di agrans were obtained froma sanple in which
the spacing D is 2.5 pm Figs. 6A and 6B are di agrans

BDouEngoLgs o) Shrpbuthonpol, pabori fic val ue. These
agrans wer obtainéed froma sanple in which the

' L is,1.5 Fig. 7,18, h, show th
o ati ontbitubch Frechparian ot SerPREVHnard Vet dee
t t f i [ecti ms), with th [ D
ShauEBLEengtntif BRGS: C6A and 68) varied. Fig. 8 15 a
set of -optical m crophot ographs, show ng the heat
evol uti oh*By- héat Fg %I%ﬁ%n? CLHPRHl t BV p P Dl The
varied from0.8 pmto 3.0 pm Fig. 9 is a graph
SABAF nGLFHEL RER al R o2 Plot S OF hga%wfﬂ@ep%l deg rigad.

~power (W and the rate of ink ejection (ms), with
the spacFhg-Di varzemldnoni@v8ofothe 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
distfibution cf calorific value. These diagrams were
obtained from a sample in which the spacing D1 is 2.5 um.

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

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) wvaried.

Fig. 8 is a set of optical microphotographs
showing the heat eveclution by heating elements, with the

spacing D1 wvaried from 0.8 pm to 3.0 pm.
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2.6 pm Fig. 10 is a graph showing the relation
between the spacing DI and the electric power to
start ejection. Fig. 11 is a schematic di agram
showi ng the primary and secondary control neans. Fig.
12 is a plan view showi ng anot her enbodi nrent of the
heating elenent. Figs. 13A to 13C are plan views
-showi ng the heating elenents of related art, which
are of one-piece, tmo piece, and t hree-piece

struct ur e egpee ivel thﬁgwwgetﬂgrrg%Ey%W Hheen

the | nvent A desc |on W be given one
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f i t hod, of qU|d Ject n ead
ﬁgFggﬁaf?m(g?abg%Egla S%EClnﬁea "Ya g eom 0.8 to
ge crlbed first. The head 21 has a sectlonal | ayer
t Pare shown in Fig. 1, and it is fabricated by

several st eps &hlch are sequentlallg shown in Fig 2A
to 2G FabPrcati bR 3tSFERRwWRAYIRE ??s%e%%ikp%fbetween
formng silicon nitride film(Si3N4) on a p-ty
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26 undergoes |ithography and reactive etching steps so
t hat thefig. 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 arﬁ, 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 coeonfiguration 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 showﬁ

in Figs. 2A to 2G.




silicon nitride filmis renoved by thermal oxidation
except for that in the region where transistors are
formed. Thus, the silicon nitride filmrenmains only in
the region where transistors are fornmed on the silicon
substrate 26. In the next step, silicon oxide filmis
formed.in the region where the silicon nitride film
‘has been renpved by thernmal oxidation. This silicon
oxide film functions as the elenent isolating region

27 to | SpLBLesarpANSt koL Sy EpMm A0C: APOL NSLep |8 LA ming

transi stor-tormng region Is forned e gat | ayer
L re. S f sten_silicide,.pol.ysiLig
N R I L
der goes,ion.,inplantation_an xi dation so that the
280 SL828 R0 o TS eATH 800 oPuBEEra Rt PR e Tede s
transi stors 28 and 29 are forped. Here, th
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heati ng el ement 22 éor heat - energy evolving elenent),
Shd+EAB BERRSTSL 51D Ol P STEMPYEASP ¥t BReIBahst X1 TP
the integrated circuit that controls the transistor
oBCePhcfaBNntART yint He t FRGkPRtBRe D8 TreRuistaps are
enbodi nent has a | owconcentration diffusion |ayer
berwedn tHReugatehandllheonrad briwe chi kel Fenalng enly in

el ectrolysis due to electrons accelerated in this
tegi pagion 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 f£ilm
functions as the element isolating region 27 to isolates
transistors from one another. 1In 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 socurce-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 heatfenergy evolving
element), and the transistor 29 is a transistor
constituting the integrated circuit that controls the

transistor 28. Incidentally, the transistor 28 in this
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so that necessary breakdown voltage is secured. The
transi stors 28 and 29, which have been forned on the
- silicon substrate 26 as mentioned above, are covered
sequentially with PSG filmand BPSG film 30, which
constitute the first interlayer insulating film The
PSGfilmis a silicon oxide filmcontaining silicon
added by CVD process. The BPSG filmis a silicon oxide
fil mcontaining boron and phosphorus. Reactive etching
Wit B $AERL GL 024 Al 598888 e L £ o O8] PMSsion layer
phot ol I t hogr aphy, Is per?orned to make the contact

t iligo eq] ' ' ' ayer
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etching, so that the first wring pattern 32 is
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the transistor 29 constituting 11 the driving circuit,
cnEeredi seaveigtat b Wikl uP$G | 51 kprand BPSG f£ilm 30,
which constitute the first interlayer insulating film.
The PSG film is a silicon oxide film containing silicon
added by CVD process. The BPSG film is a silicon oxide
film containing boron and phosphorus.

Reactive etching with C:Fg/C0O/0./Ar gases, which
follows photolithography, is performed to make the
contact hole 31 on fhe silicon semiconductor diffusion
laver (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
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CVD process with TECS (tetraethoxysilane Si(OC2HS)4)
is perforned to formthe interlayer insulating. film
- 33 of silicon oxide. The interlayer insulating film-
33 is planarized by coating (wth a coat-type silicon
oxi de including SOG and ensuing etchback. This step
is repeated twice. In this way the interlayer . :
“insulating film33 is formed between the first wiring
pattern 32 and the second wiring pattern. In the step
0 Fi g ot a ! ! _ v
e P o Rt P S A T T
'Hﬁgﬁgﬁssary part of the tantalumfilmis renoved by
photol'i t hography and dry etching with BCl3/Cl2 gas. In
e _heat evoly ement 22 is_for

thi s way I N d In
the"st o EoRRoPRo R B Eh Ped SRR eREh T TREIER | i s
or y. CVD process. It serves as the rotective .
Fl(ﬁgg‘ﬁﬁ?ﬁbrl‘fh eﬁﬁafm%%Wi ar%lh%n%n*z%fwerm%smﬁmg
steg shown in Fig. 2D, specific parts of the siljcon_,
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etching with CHE3/ CF4/ Ar gas, so that the region for
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heat evolving el enent 22 is exposed. The via hole 34
psidadéncinding FOEkringeenspbid satielpd¢km FBhigstep is

the step shown in Fig. 2E, sputtering is
repeated twice. In this way the interlayer insulating

film 33 is formed between the first wiring pattern 32 and

thé 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 tantailum film is removed by
photolithography and dry etching with BCls3/Cl; gas. 1In
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/CFs/Ar gas, so that the region for
connection to the wiring pattern (eiectrode) of the heat
evolving element 22 is exposed. The via hole 34 is made

in the interlayer insulating film 33.
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perforned to forma layer of alum num containing
titanium . silicon, or copper. This |ayer is covered
-with a titaniumnitride film which serves as the

anti- reflection film In this way the wiring pattern
35 is formed in the head 21. In the step shown in
Fig. 2F, the wiring pattern 35, which has been forned

by photolithography and dry

etching, is selectively

renmoved, so that the second wiring pattern (for the
el ectrode,36) i §t%§@ﬁ8‘wn@§ Fﬂfyf'é‘@, P &f?{é‘fiéé“jhs
power source and groundi ng are forned y using the

' n ] t.er. : :
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er.layer, of the heat. evolving el enent 22, protects
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formthe electrode 36.,In the step, shown in Fig._ 2G
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functions as the ink protecting layer) is formed by
e otesshe Theadsybst rat e under goes heat treat nent
in a furnace with an atnosphere of nitrogen or
hydr ogenleobliai stelpy shewogeh. Fidhi3F helite tWwieatnmemattsern

i ntended to ensure stable 13
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 con the upper layer
pf the heat evolving element 22, protects the heat
evolving element 22 in the etching step to form the
electrede 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
subétrate undergoes heat treatment in a furnace with an

atmosphere of nitrecgen or hydrogen-containing nitrogen.

This heat treatment is intended to ensure stable
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operations of the transistors 28 and 29 and to secure
good connection with the first wiring pattern.32 and
the second wiring pattern 36 (as the el ectrode 36),
thereby reducing contact resistance. Subsequent steps
are carried out to formseveral parts as shown in
Fig. 1. On the heat evolving elenent 22 is fornmed the
anti-cavitation layer 25 fromtantal um by sputtering.
Then t he dry f|In141 and orifice plate 42 are

g?%E§bﬁE|¥ ﬁegr?gyfﬁgéﬁsféégéé& i@ gﬂdo%gaggéhre

esir position

58? StBdhat %m?o‘%{ﬁ% AL Bl LTy AT ph fpe enpiiﬁsj%? the
h 42 fl h
F%QGPHGSW%@‘%Q%FE‘%% %ge{$§1§E$%ke]e%§iél?‘?%%a%%s'e$ ]

above the heat evolving elenment 22. It is bonded to
FREVELHIF FPATATE T9RESTRREGPti ng head includes the
nozzle 44, the ink chamber 45, and the ink duct that
l.eads i nRUPBEEWRNT nkECRRaRbRr CALT 1R QU Heo hem several

evol ving el ement 22 of the head 21 has the |ayer
Berhet af eshawh ubi nBLg hel antPn calve tgaoreve byErg 2Bl eypent
tan;alun] the protective |ayers 23 and 24 of silicon
ARt igdéornpd heatarvbteingtat eemniaper o2 5 t Gyeml tantalum
and the silicon oxide filnms (the interlayer insulating
byl sp@Btetheg BPSG:én) nti3d, dandfie 41 enmitorshiet impte
42 are sequentially formed. The dry film 41 is an
brganic resin film attached to the desired position by
pressing; it is cured after removal cof 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 inciudes the nozzie 44, the ink
chamber 45, and the ink duct that leads ink to the ink
chamber 45.

Thus the heat evolviﬁg 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
'silicen nitride, the heat evolving element 22 of tantalum,

and the silicdn oxide films (the interlayer insulating

film 33, the BPSG film 30, and the element isolating
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14 region 27), which are arranged downward fromthe
-ink chanber 45 on the silicon substrate 26. In the
head fabricated as nenti oned above, each ink chanber
45 has one heat evolving el ement 22 and one nozzle 44
above the heat evolving elenent 22. A detailed
description wll be given bel ow of the heat evoIV|ng
el ement 22 which is shown in Fig. 3 (plan view).
Incidentally, the cross section taken along the line

ﬁ §*7‘P‘anllz{‘c}'1:' e]‘arfg% Q@V\@owﬂlw%: & fr'3 mt ehlerﬁz

ving el ement 2 i nc S|ng e un

éﬂgﬁﬁéﬁtgs onaE‘ﬁ'e thsé&'ire%ub aﬂe;(pa“er” 'n P! an

he™ zi'g ag pattern nay e a character
U N, or nverte

Pl | nedt THES S dg et T etih%wf?rht%eg P ppach

[ nverte pe having the slit 22c e tendln rd
LR SEr a1t OHe o Sut bl (s B4 G one
are shown three el ectrodes (conductors) two of
Whrehe att AOTHDIVRE 2 Tpr TS B9 e#?éner%ﬁ/e%éed U- shape
and one of which is at the turnaround part of the

zi gzag patdefailed dewcupperoparill the Shws Mpidv afy-he
above the top end of the slit 22c in Fig. 3). These
ktattevobslzs afemdnt b whlchel hegttowrevigl VEgy 6 elmlan

22.
view). 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 1, U, N, or W, which may-be upright,
inverted, or inclined. The zigzag pattern shown in Fig.

'~ 3. is an inverted l-shape having the slit 22c extending
upward from the center of the iower side.

| In Fig. 3, there are shown three electrodes
(conductors) 36, two ef which are at the lower prongs of
the inverted I[-shape and one of which is at the
turnaround part of the zigzag pattern {or the upper part
the spacing D1 away above the top end of the slit 22c¢ in
Fig. 3). These electrodes 36 are formed on the heat
eﬁolving element 22;

The substrate of the heat evolving element 22 is

15




The substrate of the heat evolving elenment 22 is 15 an
integral one; however, the el ectrodes 36 arranged as
nmenti oned above nmake it resenbl e the segnented heat
evol ving el ements 1A and 1B 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” hereinafter ) The main

QﬁaintS%‘PM' ePaﬁ&é $<8, ag&?e @Efo&@é‘n?@tﬂiré&g&?%

ot her hrough the e ectr orned

{h?ﬁ@%g&'&%ﬁ@fé 1?% e Jpﬁefé%ﬁ& ar%ﬁeeré‘e rhéh@éj& hd a0

esira evor Vi ng par% 22a

nd. 22b sh Xt aposed_.as shp

AR RS S R hé%sté%w”&“%arf%gzzif%enzt

2b. is srntlar that of.th e at evol yi ng
eraﬁ%ntgrﬁa\u%%éo%vs%% S otp CabieSien LEfe b 1140 3
shown in F| the el ectrode 36 _ at the turnaround
pERtLRe PRk %ré%%f%%t%%‘? LRt i sVehee Bedf crotAsi R
the top end SL of the slit 22c between the prongs, of
ehac9- ¥haped %%@%%rﬁ@%#stW%thﬁﬁ %ﬁéﬂ%ﬁ?@ tQ|afremtap,
In other words, there is the spacing D (which is

eeht @Yo hiorg P awy s beroweinafieel. and hdanaidydedba of

t he el ectrode 36.
evolving parts 22a and 22b are connected to each other

through the electrode 36 formed at the turnarcund part of
"the zigzag pattern.

| In addition, it is desirable that the main heat
evolving parts 2Za 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 Z2c between
the prongs of the l-shaped pattern of the heat evolving
“element 22. In 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 follow ng explains the reason why the spacing
(D)) should be greater than O nm 16 The rel ated-art
process for producing the head 21 includes coating
the heat evolving elenent 22 with alum num and then
renmovi ng al um num covering the heat evolving el ement
22 by dissolution wwth a chem cal agent. The

di sadvantage of this process is that pure alum numis
weak and liable to break. To ensure sufficient

strengt hyye pk‘éfaé‘é&%?ﬁ'%fﬁcé§%'y prg%Pafd@éfﬁ%{% AdLy 21

Wth silicon or copper ere entin

I I
ShERHa0e. ooHEInd PHETHERE %‘Z%%vev%’e%?%rae% Zi“nés‘ff%'
L dj db {

e R e AT s e%vefag o e

I h I
SeRDer oo LaN ﬁez%%ﬁ éfa%ﬁ? ﬁ?%rﬁ?%?%e'é TR AT
resultln resi dues, etchin however, reqU|res t he
hB&t 9693 V?%@ag%I%ﬁeF? 2P¥%C%%5p%%tEQﬁ cP¥63t¢%P inum is
protective |ayer 23 of silicon nitride because it
YRR{hETY %%%%i?st?h%rﬁéﬁt B OPRF WS eF eheheiont o3trength,
tantalum Dry etchlngﬁalso attacks that part of the

Eﬁﬁ%rﬂ/‘iﬂﬁgn@ﬂl j2oncpkaeRd fhY mlysieym axliee witlersbldegon

insulating film33) which is not
or ccpper, thereby preventing the 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 bebause 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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covered by the heat evolving elenent 22 when the via
hole 34 is made. The attacked part results in- an
unnecessary step which cannot be filled with the
protective |ayer 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
of the heat evolving el enent 22 which is outside the
top end (L) of the slit dividing the prongs of the

m@aﬂﬂnggt;@aoﬂ b, s fgtm& exceeding 0 nm

produces MAng fect rrent applied to the

QSS‘iv?ﬁS e Oﬁ%égi t‘%zz B 50@1@;@@0%%@,&%@

& et evo part

h,th de 36 th
SDREFPEE Shectn ﬁgiiiwarlnnﬁhﬁﬁ]ﬁ%gﬂ?%%%ﬁ%%?i’ 23ore
t th b t at f heat
&V m%naiﬁm@%e#égi%ﬁc or% Healie "Gl G cffeniot
22. Therefore, with the spacin optimzed, it wll
E@ep%%%FbﬂéV%@l%%ti%$z%r?%%s %$s¥¢¢b%T$QﬁP%ﬁ Baigiern.

evolution in the region of the heat evolving el enent
22. The HdvasiPagbndf (Rhe ¢reegedind W rr@me@@ﬁéme@zthe
which is not divided but includes the main heat '
eubloiigy phfest 22aCwnce2Rbapphi¢dubusthdriorath ¢helving
spacing DI is that there occurs less variation in
¢leménat 22 helowsef ofm the main heat evolving part 22a to
the main heat evolving part 22b through the electrode 36
and the spacing Dl. As the spacing Dl 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 evoluticn in the region of the heat
evelving element 22.

The advantage of the heat evclving element 22
which 1s not divided buf includes the main heat evolving
parts 22a and 22b continucus 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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current application and there exist |less satellites.
An optimal value of the spacing D "may be established
as follows. Figs. 4A and 4B show resi stance networks
18 representing the heat evolving el ement 22. Fig. 4A
shows the entire structure and Fig. 4B shows an
equivalent circuit for analysis. The one shown in
Fig. 4A consists of unit resistors of tetragona
‘lattice, with the entire . region assum ng a.square and

Lo CeOLEal PREL nLLOrLESPONGL NG, Lo Lhe sl den%.C)zlA shows

evol vi ng accor

[ nbodi h th di
bre; enE5P8 BhSpaRs iy bo 1e" 240 pRRCEhatt negg%svsf
overalg w dt h ﬁ t he heat evol;aﬁg enent 2%:
gér%anFOIl‘ﬁ‘&? BRt At | y BT TRV BT b WeHP 5t S

the electrode 36 (at the turnaround part)
- %fe%?%%dé%sé%t%lfst% Copprerral tRthit¢he Vﬁgaﬂh ‘L'Hé%tentlre
evol ving parts 22a and 22b interposed between them.

' TRIGPReRSAERERT D2SEATre udRY aFe oaF$t ¥k Bafgth (in
vertical direction) of the main heat evolving parts
PoaraaeproRding ¥ gthg shitid2ct heempdrth- of the slit
22c. It is assuned that a voltage of 2V is applied
across_tﬁheeb@@tr@mhﬁmihgmmﬂémeﬂttb% Fesdiiong net idrks
embodiment has the following dimensions. Spacing D1 is
2.5 um. Spacing D2 is 21 pum. Spacing D3 is 2 um. The
overall width of the heat evolving element 22 is 20 pm.
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 evelving parts 22a and 22b in Fig. 3. D3 is
the width of the siit 22c.

It is assumed that a voltage of 2V is applied
across the electrodes A and B of the resistor network.
The electric potential ié balanced and hence is zero at
the central part of the spacing D1. This may be
represented by an equivalent circuit shéwn 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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The electric potential is balanced and hence is zero
at the central part of the spacing DI. 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 assunption
‘that 19 all the zero points connected together are at

© the ground - potential. This analysis gave the current

di stribution which permts the calcul ations of

I :
?EEE% 2BPAr A BrS: PhBlePtac' BPbEbREr abfcaipRlS o
gutlon (in terns of ratlo) is shown in Figs.
and Figs. 6A and 6B. The result |n FIgS 5A

and SB ,obtained,froma sanple in wh
 spaci ng l?saQ?gY5h§ %ﬁ&etﬁﬁer%%ﬁF?nFnd¥§5§lbu%%9%hﬁhlch

6B was obtained froma sanple_in which the spacing D
peraifspihe| i geht bl Pys PhetecFiHbf ROYPHEeHRrated by
di stribution of heat evolution on the heat evol ving
endiEhRtuzl pasigbonst sﬁbﬁ/th@sd@%%@ﬁh%ﬁ?@ndhﬁt%&@QEROH
tenperatures. The relation between the applied
efepovit ponevmpiVpnapy hbetrevelwfiomk( ) ceetmon ¢ s)
~varies depending on dinensions of the spacing D1 and
Pat{oh Fsgsh@ynasn Bhogsn 5A ém@ SH. arfdh el ti srensh ofrsd ofB.
the spacing DI and D2
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
D1 is 1.5 ym. Incidentally, these figures show the
distribution of heat evclution on the heat evolving
element 22 but do not show the distribution of actual
temperatures.

The relation between the apprlied 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) D1 = 0.8 um, D2 = 22.5 um
(2) D1 = 2.0 ym, D2 = 22.5 um
(3) DL = 4.0 pm, D2 = 22.5 um
{4) Dl = 6.0 pm, 52 = 22.5 um

(5) D1 =2.0 um, D2 = 23.0 um
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used 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 ~im (4)D =6.0 pm D2 =22.5 pm (5)D1 =2.0 pm
D2 =23.0 pm 20 (6) DI = 4.0 pm D2 = 24.0 pmIn the
si x experinents nentioned above, the spacing D3 was
kept constant at 0.8 m The_results of experinents
show that the sanple with the spacing D of 2.0 mis
better than that with the spacing D2 of 0.8 min the

Kgﬁ ﬁ |n5fﬁ SﬁtIBQ by2 goH 15 to 20% It is also
0 e

hat rate” of |nk ejection is nuch | ower

he, case, of sanp avin aC|ng of 4,
ﬁar*@@? Rt e N T T H&%ﬁ%@rﬂ%oﬁ
the optinmal Iength of the spacing D1. To this end,
vhe ?EFaFP%ﬁt%Q wBEnOt Rel®f ectric power applied to
- the heat evoIV|ng§eIenent 22 and the rate of ink

ejectionTQ%sre?H% tPEa?éHeﬁH%@$ﬁ% Heal - BRRE VERR SHte
on the heat evolving el enent 22 was observed, with
vheh| ehgt fpatingeDlsphlck ng B varbetdter ghas thata widh

- of optical m crophot ographs

the spacing D2 of (.8 um in the rate of ink ejection by

about 15 to 20%. It is also noted that the rate of ink
ejection is much lower in the case of samples having the
spacing D1 of 4.0 pum or larger.

Further experiments were carried cut 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 observed, with the length of the
spacing D1 varied. |

Fig. 8 is a set of optical microphotographs
showing.the-heat evoiution c¢f the heating elements 22
(wheﬁ the heating elements 22 are baked), with the
spacing D1 varied from O.S-pm to 3.0 pum and the spacing

D2 kept constant at 20 pm.

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

of 0.8 to 1.2 pm but begins to expand upward as the
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showi ng the heat evolution of the heating el enments 22
(when the heating el ements 22 are baked), with the
spacing D1 varied from0.8 mto 3.0 mand the spacing
D2 kept constant at 20 m It is noted fromFig. 8 that
the shape of heat = evol ving spot remains al nost .the
sane for the spacing D of 0.8 to 1.2 mbut begins to
expand upward as the 21 spacing DI exceeds 1.6 pm
Wth the spacing DI of 2.2 pmand larger, the heat

oL} D0p SOl RS SUPS %&P'nWﬁf%ﬁdtheEfageﬁ%bﬁeﬁus 2.2 un

F Fent OW g rough™the spaC|ng om na

Aﬁdt 'ﬂgf%&? ul et HSa% “Qx{%f‘x? agéum%]g aly ei’r%?"}{‘é’d U-

r fhe area of evo V|ng

decr eas Wih t ﬁ
aﬁap?ga%??u Re UbheBht F AOBH G Ut 5%%3? Py a1
t he sgacing D. Fig. 9 sho {h relation be ween t f
BppRPRYNakFRet riid ﬁ}awe% ¢ b3t rat frea ©
ejection (mMs) that was observed in sanples, with the
kpaki AROEY1var FRACS T Fom B8 §6°2. & prie 11212 BRiled
fromFig. 9 that the saegles do not greatly vary in
eyetving RraractériardcdBb derecases he Wipackhy wacing
in the range of 0.8 to 1.4 pm However, the sanples
it df t heb sypacamg I&gen,ttﬁﬁrewmﬁamﬁrdtéﬁtcurrent 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 D1l varied
from 0.8 to 2.6 pum.

It is noted from Fig. 9 that the samples do not
greatly vary in ejection characteristics so long as the
spacing D1 ig in the range of 0.8 to 1.4 pm. 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
amcunt of electric power. This is attributable tec the
heating spot that expand toward the spacing Dl. By
contrast, the samples with the spacing D1 of 2.2 pum 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 tec 2.4 and 2.6 um, the

rate of ejection decreases for the same amount of

22




2.0 pmget the high rate of ejectlon soon with a
small er anount of electric power. This is
attributable to the heating spot that expand toward
the spacing D. By contrast, the sanples with the
spacing D1 of 2.2 pmand above are as slow as those
with the spacing DI in the range of 0.8 to 1.4 mto
get the sanme rate of ejection. Wth the spacing D
increasing to 2.4 and 2.6 pm the rate of ejection

' %EEE‘E?ESSREQEH heTﬁé‘”FeQﬁBH”% pi g2 el gcific ﬁ?é("eéurrent

e reaso or thisis't e current passi
c ol n ar ent from

bRESHE %ﬂ%oéﬁﬁ N S T

hat He ub tantl aI ar e hea L ng spot dlceacreases
Sheh HRE BHS tho?P%%t @%‘é?g SRS L B o R esule

ecreases. . shovvln the relation
BEthebRe: pribs E@Iar:ﬂrﬂi; oo RSBt hE ReE fisreages and
start ejectiaon.: IS notedfromFlg 10 that a large
ERBURTCRRECPE| laeabo%wgié FEYUFREECED &P aF Rk flRETFHIES -
as the s aci niy exceed 2.0 m and the electric
pover to %gar Oefect i praPheehoresnai Hhemrelieron Heetween
‘'spacing Dl is about 1.8 m It is concluded fromthe
toeegpangnehdl ehe thpaelegtDlcopovde teastavolajegLion.
el enent 22 should be in the range of 1.6 to 2.0 mif
Iheispactagd DPomsFR. ni0 that herlawoge samdiret spladtng c
Dl should be 0.08 to 0.1
power is required to start ejection as the spacing bl
exceed 2.0 pum, and the electric power to start ejection
becomes minimal when the spacing D1 is about 1.8 pm.

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 pm.
..In..other words, the spacing Dl.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 control means for ink ejection control.

The primary control means causes the heat
evolving element 22 toc evolve heat energy, thereby

ejecting ink above the heat evolving element 22 from the

nozzle 44.
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times the spacing D2. In this enbodi nent, ink ejection
is controlled in the follow ng manner. The head 21
has the prinmary control neans and the secondary
control means for ink ejection control. The primary
control neans causes the heat evolving elenent 22 to
evolve heat ‘energy, thereby ejecting ink above the
“heat evolving element 22 fromthe - nozzle 44. 23 The
secondary control nmeans causes the two main heat

evol vi ngTABaBsc4R@a apd:-38brb 9 ﬁ¥9ﬁ¥ecgﬁ§ése€@égﬂwénmdin
di fferent manner, thereby varying the distribution of

heat @98&9%5%@55@‘12%% %ggt%QBVEOtQ’?OD@@t YO i 08y in

el ement 22 and contro e direction of 1nk
i [ h t -

UBELOD: RLOMENCADEELS 44 yLiy! ioe 8188 ogtion o
oL t th f ON and F)
RraPesteFay: h2aPERENeS! hoknePShe "thE irhar v boli o

S5 | | dwithith d trol. .
TREhent s BheTERLECHLLED, L8, gReeenet VoL hjection
Ei g. %% is a fch mati ¢ di agram showi ng the primry
gﬁgms_ Bnd3f§itohtrol neans. The exanpl e shown

In the related-art technology, ink ejection is
qontrolled only by the primary controcl 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 ﬁurnaround point) between the

24




. here enploys 2-bit control signals so as to set the
current flowi-ng through the main heat evolving parts
22a and 22b at four levels. This neans that the
direction of ink ejection.is varied in four steps.
According to this enbodi.nent shown in Fig. 11, the
resi stance of the main heat evolving part 22a is

" smaller than that of the main heat evolving part 22b.
In addition, the heat evolving parts 22 are

ﬁ@ﬂﬁthéﬁﬁegv§y§hn thattsuppenindl ovs. 0“in°£d&f€10n, the
el ectrode 36 which-is forned at the mddle (the

tHE-Bar eesgseekgt ﬁid bswfeggtéﬁge%ﬁﬂa@fgg et eyo! ¥l PY-tion

~parts 22a and . Ition ree resistors
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ej ection e transistors funct

’.§§L%gp§sg;grfapetﬂ@'HaESaﬁesyoéy'fgl PgrLs, %gazggnaﬁi%eb

represents a co onen

trol gsi th t Synpol
1 ang L§§$€a#eé§%traﬁ%éé%?ﬁgr%ﬁééﬁfévé%?nz?yen & s

gﬁnbols Bl B2 represent co onents to enter
H§F¥ E?@Eﬁ? SPIBE" ¥ Ent oC e%&mf%ﬁﬁ%%@?i}n% ot ) -
Incidental |y, the AND ates LI and L2 are

§M@BW%M Fpd %%mm%%? PovFes o cRNEAY By
nals representing C=1 and (Bl, B2) = (0, 0) are
E‘é?%d tHEbeankl std B BRREARENBCIONROIRALSE Heo 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 (B1, 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 situétion, the main
heat eﬁolving part 22a evolves a less amcunt of heat than
the main heat evolﬁing part 22b because the former has a
smaller resistance than the latter. With this setting,
the directicn of ink ejection is deflected leftward, so
that ink drops head toward the left end.

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

0) are entered, current flows through the two resistors
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‘transistors 2 and B 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
-l ess anmount of heat than the main heat evol ving part
22b because the former has a smaller resistance than
the latter. Wth this setting, the direction of ink

RheebhABct8qdeh! gekeds| 851 VRE drr$0si s08E HBKLGE ORS
head toward the left end. When signals representing C

Zutraff €BlysBR)rzud thQ)r@§§s€@£eﬁgdcoﬁﬂééfgﬁ £4 ovse

t hrough the two resistors 25 Rd connected 1n series to

ERERLIBnSLo00! OBebiie Moo bl ofe TLANGNE NP UGN IS

resi stor connecte transrs

f h h
FEPHLhatRE0 2T Bhe vl "“”%a”*tfsev R ETRE, E&Sein

evo Vi ng° part

t he r egoi ng, case, Bl, B2 0, 0)) ver
PREEAES DRet B a0, St nbinat o SERTAT evBh o1 N ar 2
ol yes a | ess anounpt of heat than the  nain, heat

Z@ (1 ho PAPYSESD: Yot bhini ¥ 179y TRE MET Gt on
ink ejection_ is deflected |eftward, but ink drops

ﬁ‘é%wsmggww 22hEVRIYES RNl $ TS tHEOYRF cRybi h@a%a@@n the

Wth input S|gnals representing C =1 and (Bl, B2) =

pPin 1l)ea1éu¢*f<é 1ng @RTE 2 dugh WHeh ol s e3e &Y 19 Rt he

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 (Bl,
BZ2) = (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 (Bl, 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 én input, C = 1 and {B1l, B2) = (1, 1),

current flows through the three resistors Rd connected to

the transistors Q2 and Q3. As the result, the_amount of

26




connected in series to the transistor @ but no
current flows through the two resistors Rd connected
~to the transistor B. As the result, the anount of
current flow ng through the main heat evol ving part
22b is much smaller than that. in the foregoing case
(wwth (Bl, B2) (1, 0)). However, in this case, the
mai n heat evolving parts 22a and 22b evol ve the sane
amount of heat. Wth this setting, the direction of

- tOkrehecknenihg eﬁbuggeihs%sﬂnaheétl evw{rfrl?npéf‘@uiZb
C=1and (B, B2 =(1, 1), <current flows Through

Ee@oﬁegegmmw eaénRelhg@nﬂﬁ%ﬁg &Qset{gﬁ Lranshst ofsy,
d @B. As the result, the amount of 26 current
t hough-th t
Bugringotneyohebie el o tﬁﬁzfn%gfgzh% eRheing apet
' heat I
P24, Sobed) s YRGbEETaf080 SBCHIRL MBS
i n_heat £, 22D, t
BPeLefareaf Ly pie o) BBt ore  avaby %*e%aéflf%wfwoofmk
I f [ f.th heat I t
SRR 255 %ﬁi?ﬁé&&w@@@g are properly oS
adj usted so that the_direction of ink ejection is
changed aR8oFatngs a%f tFesispiRce M Hx makedheat

di fferent val ues qg (1, Og (0, 1), and él, 1),
ggolv1ng parts 2?a and 2b ‘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 bne 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 defleéting the direction of ink
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mentioned above. In this way it is possible to make
ink drops to -hit the printing paper at four different
pl aces (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 val ues of Bl
~and B2. The effect of the foregoing is that in the
case where ink drops do not head the desired position
eyect@onf@pbmcehé0ﬁ0Q§165t54lﬂm%Psvsgaghglpriﬁ@lng
direction of ink ejection can be corrected by the
ge9ndary control neans so that ink drops head the
esired positions. In addition, properly deflecting

t he dlreggkggug %Hg gﬁbga?ﬁ%hen%$ ﬁﬂ%;ﬁf o 0072 £5:88 1on

i nproves’ t i'hg~ quoarll ; gne
t t
TSRS 0 AL LT e 7

homitedobor il BRerdhe B3 Vel ohal e iarebi it o mtaihﬁ

heat evol.vin ot limted WO i ch

arr anged” Ph %xg i%g g%?t%?ﬁtlﬁvﬁ1%hngv?iﬁpe %%

case, the electrodes may be forned by IeaV|ng
%ﬁgﬁlﬁbr?%o?Fe@%%%dmﬁbnt%e%ﬁeeg%%ﬁ}%@ gayts n(not limited

to two) which are arranged in a zigzag pattern in plan
'view. In such a case, the electrcdes 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 evelving parts 22a to 22c are formed on

one substrate.

Industrial Applicability

According to the present invention, the heat,
evolving elemeht 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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the turnaround parts. Such a nodified enbodi nent of
the heat evolving elenent 22 is showm in Fig. 12, in
which three main heat evolving parts 22a to 22c are
“formed on one substrate. Industrial Applicability
~According to.the present invention, the heat evoIV|ng
el ement on a single substrate can be divided into a
plurality of heat evolving parts. This structure is
equi valent to form ng heat evolving parts connected in

series by £ORYUEL OfSe JhEnbLAt SOl NP tSs are nade
to evol ve heat ih individually controlled anmounts by

g;?iéﬁ{éﬂg & h‘sl'PIQSE}gé I‘\’g?&’én&!ﬂfy CORICS OO & N,

ving el enent eover e primary contro

Hgggseﬁér?i ?g% ?\9&9 %tclflfpgr rﬁ?%‘ é/r 0 ?nce the

neans so energy 1's évol ve eren
nners_and e the .directio ectlon
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ej ecting head havi ng heat-energy evol vi ng elenents

- that evolve heat energy to eject liquid, wherein said

heat - energy evolving elenents are constructed of an

i ntegral substrate, assume a zigzag
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pattern (in plan view), having conductors connected
thereto at the turnaround part of the zigzag pattern,
and each of the elenents has thereon a nozzl e through
which liquid is ejected.: 2. Aliquid ejecting head
havi ng heat-energy evolving elenents that evol ve heat
energy to eject liquid, wherein said heat-energy

evol ving el enents are constructed of an integra
substrate, assunme a zigzag pattern (in plan view,
and have conductors connecteglrjiiereto at the
turnaround part of the zigzag pattern such that the

mai n pari_evgl ﬂ@gi@eéé cEOEA yhé%gl/er{lf\g{r%%ik%g@—eﬁérg

di vided 1nto at ast two parts rnaround pdart

_?&oi@fn&igiéﬂe gétghﬁt %Qg%ﬁggﬁegﬁ %ﬁgrgge@Eﬁ%§E%§§§;quid,

ereon-a nozzl e t firoug i qui €] ec
Aliquid ejecti head having heat - | vi
el enent " TRET 1 RvOT Ve DAt BAEFdy TEOH B Theuvae ere
wh [ I, d t- [ Vi | t 30 :
CORSEFAGEan BF ah REOIAl SHBSErale dmP oy |owzag

approxi mat el y. U-shaped parts (in plan view), having
-Egﬁﬁﬁﬁ?o stc h%%c?%%wlhereto at the turnaround part

of - the approxi mtely U shaped pattern,
having condictors connected thereto at the

turnaround part of the zigzag pattern, and

each of the elements has thereon a nozzlevthrough
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 pian 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

eaéh 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 liguid,

. wherein said heat-energy evolving elements are
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each of the elenents has thereon a nozzle through

which liquidis ejected. 4. Aliquid ejecting head
“havi ng heat-energy evolving elenents that evolve heat
energy to eject liquid, wherein said heat-energy -
evolving el enments are constructed of an integra

. substrate and conprises approximtely U shaped parts
(in plan view), and have conductors connected thereto
at the turnaround part of the approxi mately U shaped

BahLErustEl thahnt DELEBLA1 PRhbst BYOL VARG beRbrener gy
to eject liquid is divided into at |east two parts by-

EBErBQEHQEQPQdEP%?égg& bher s appk oxi gRt o] ¥, 1 shaped

parts, and eac e el enents has thereon a nozzle

through b ch Liguidbs,ehasteded oA Liaui deject ing

"head havi ng -energy “evolving el ement t evol ve

a ner gy ejec i qui . Wherei n_sai at -.ener gy
g@ﬁ#%?ﬂﬁngI%%%Etéga%%éca ?ﬁ%%%%ég¥q%ng?%?ggréﬁtteré%
substrate, conprjses at |least. main parts divided
o bt San GP T ERS o Pt TR e T bRe PRI "2 St P i eguon
haviag'cond ctors_conn&cted thereto at the part of the
FibChnet 89hRi 1S pad€StSFe j oi ned together, and each of

the el ements has thereon a nozzl e_through
4. ligquid ejecting head having heat-energy

evolving elements that evolve heat energy to eject liquid,

whérein said heat—energy evolving elements are
éonstructed of an integral substrate and comprises
_approximately U-shaped parts {(in plan view), and have
conductors connected theretc at the turnaround part of
the approximately U-shaped parts, such that the main part
evelving heat energy to eject liquid is divided into at
least two parts by the turnaround part cof the
approximately U-shaped parts, and

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

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

wherein sald heat-energy evolving elements are
constructed of an intégral substrate, comprises at‘least
main parts divided by at least one slit formed in part of

the substrate,
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which liquid is ejected. 6. 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, conprise the main part of evolving heat
energy to eject liquid, said main part being divided
into at least two parts by at |east one slit forned
in part of the substrate, having conductors connected
thereto ahviNg BahbuchBesecbRfetVOINMBLhEr PGt St 3F € part
joined together, and each of the el enents has thereon
8fneag! %%%ge b CBa bt QUi dei ?o?h@ﬁtﬁggeghef‘, | i Qi d

ej ecting head having heat-energy” evolving el enents

~that evolye,hept .goecounb0 8l fel Lhdibd 2 MELEID SRElgn
eat -energy evolving ellenents are constructed of an

. _ . _ t . I
P g ke BB e i nacraa t horet o Tn the

[ tside.the.inr t d LI t th

turnar oufd pir £19BE%t RASGF RGBT L A7 RLEARRE BT R HRIY
el epent s h?s thereon a nozzle through 32 which Jiqyid, .
Fgog}%egea. CBENRS| LHETd CEPelEi ﬁ?&aﬁe S e eJect liquid,

heat-energy , , ,
whérein 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 subsirate,

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

'.mwhicﬁ liquid is ejected.

7. A liguid ejecting head having heat-energy
evolving elements that eveolve 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
Cf_the zigzag pattern, -

each of the elements has thereon a nozzle through
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evol ving el enents that evolve heat. energy to eject
liquid, wherein said heat-energy evolving el enents
are constructed of an integral substrate, assunme a
zigzag pattern (in plan view), and have conductors
connected thereto in the region outside the inner
turnaround line at the turnaround part of the zigzag
pattern, so that the nmmin part evolving heat energy
to eject liquid is divided into at |east two parts by
- Whechurnghiodndspas tcpEqt he zigzag pattern, and each
. of. the elenments has thereon a nozzle through which
liquidisg, ejgcieduid- «ThE1hgGuLdagl RETING head aserqy

defined in claim8, wherein @he heat energy evol ving

h d t o the. .
SbSWfﬂg.gﬁggghgg%ﬁgE UGHeLR %%%‘Ee%%%‘} A ﬁ.feoeecﬁe% N&uid,

opposit y the main part fro
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e between sai

0.08.to0 g.loftinegn he dist nc d _.
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ej ecting, head. havinp eat - ener evol vi ng el enents
PRAEEDof Vo Riat BHEvhy To0hatt Freticlons Smarerie
~said heat-energy evolving elenents are- ,
thereto in the fegion cutlside 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
cther conductors connected thereto on the opposite side
beyond the main part from the conductors,

the distance from the turnaround line of the
zigzag_péttern to the edge of the conductor is 0.08 to
0.10 times the distance between said conductor and said
other éonductors.

10, A liquid ejecting head having heat-energy

~evolving elements that evolve heat ehergy to eject ligquid,
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constructed of an integral substrate, conprises an
approxi mately U-shaped part (in plan view), having
conductors connected thereto in the region outside
the inner turnaround line at the turnaround part of"

t he approximately U shape part, each of the el enents:
has thereon a nozzle through which liquid is ejected.
11. A liquid ejecting head having heat-energy

evol ving el enents that evolve heat -energy to eject

liquid, wherein said Neat- &‘D&f @\‘/Qix‘/iﬁ‘%‘pe@i&ﬁ@ﬁ‘ﬁé HeE

constructed of an I nt egr al rate rises an
I h t
%%ﬁ%ﬁ%%%?éﬁc%ﬁngétéﬁg?%€$%t%&¢%t?%€8fég G The

Lhner Qu d the t r ound rt of t he
%BBro§?ﬁ%Fg;¥ QL %Bedp%r P élgt%a?n %leﬁgin part
evol vi ng, heat ener qui.d_j s divided
ot Teast* Ywagp‘a?le@%a@%ﬁecm%?%%niah%%ﬁ iR (Hee Fegion
aﬁg t U shaped part, each of the elenents has

re ﬁ ﬁo BRert h ouRR %h“?l%%lﬁh?st%ﬁ%R%%RF pArt
The liquid ejecting head as defined in claim11,
AhekRe n2PRECKEBR e GySeRDT PHET el ement has 34

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

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

wherein said heat-energy évolving 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.turnarcund part of the.
approximately U-shape part, so that the main part
evolving heat energy to eject liquid is divided into at
least two parts by the turnaround part of the
approximately U-shaped part,

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

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

wherein the heat energy evolving element has
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ot her conduct or s connected thereto on the opposite .
side beyond the main part fromthe conductors, the
di stance fromthe turnaround |ine of the

approxi mately U-shaped parts to t he edge of the
conductor  is 0.08 to 0.10 times the distance between
sai d conductor and said other conductors. 13. A '
liquid ejecting head havi ng heat-energy evol ving

el enents that evolve heat energy to eject |iquid,

~ vheeei Bosaldtheat ceAREAY8VEhYFBEoELEMBALSoBpEsite side
constructed of an integral substrate, conprises the

B@§5ndeEﬁégﬁagﬁo%gkengéﬁttﬂévbgﬁ?ubﬂBPSat | east two
main parts | east one slit forned I n part of

sai d subﬁhéaaﬁstggxgn r88n9§gtga§ﬁg98 £4! e LNSE L e 1 1

the region outsi e sl re sal

S.a n ch of the
bR ORL DaRRTb T parEahel ﬁ%ﬁ’%?g‘@%h‘?%%gﬁ SorPERtEY putitor
elLected. 14 liquid ec hea vi ng heat - ene
85005 8 Rebhe SRS, ChECrRthasE RbVest 0 ciitior
1iquid, mEereln sai d heat - ener gy evoIV|ng el enent s
ﬁPg ¢ondt PHREEJCBRIRRt PREegral substrate, conprises
t he heat energY evolving part divided into at |east
two mai nlpartd 11euefeticrelRd drRigyPblRg deeat 1Ay

by at least one slit forned in part of said
slips¥ViAgeclements that evolve heat energy to eject liquid,

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

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

each of the elements has thereon a nozzle through
which ligquid 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
éonstructed 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 leasf one slit

formed in part of said substrate,
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35 havi.ng conductors connected thereto in the region
outside the slit at the part where said two main parts
are joined together, each of the el enents has thereon
a nozzle through which liquid is. ejected. 15. The
l'iquid ejecting head as defined in claim -13 or 14,
‘wherein the heat energy evolving el enent has other
conductors connected thereto on the opposite side .
beyond the nain part fromthe conductors, the distance

from t hehemdingf cehdtictortheortgete thBeeeONHUCERE +S8gion
0.08 to 0.10 ti-nes the di stance between said

eQBdiakothangd1sai gt 0t REr pEPRAWRLPESsa 18 ths | hAMh doarts
ej ecting apparatus having heat- energy evol ving

- skemept gelihabgeyRbye heat energy to eject |iquid,
wherein said %eat-energy evolving elenents are

const r uckgd 0f £ apn n%\f&ﬁ%b]%é URSL r’eﬁsre@gsmomé 0288ugn

pattern (in plan vie have conductors conneé

'gﬂ§ﬁﬁt?ﬁg%i&hfstgﬁgg{ggnd part of the zigzag pattern

suc the ma n.part evol ving heat energy to eject
LI 45 SLAIEATE BlolEn) MR IE P % caoie
13 or 14,

wherein the heat energy evolving element has
other conductors connected theretoc 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.

l16. A liquid ejecting apparatus having heat-
_energy evolving elements that evolve heat energy to eject
liguid,

wherein said heat-energy evolving elements are
conétructed 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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each of the elenents has thereon a nozzle through 36
which liquid is ejected, said liquid ejecting -
‘apparatus further having a primary control means
whi ch causes sai d heat energy evolving elenents to
evol ve heat energy, thereby ejecting liquid on said
heat energy ejecting elenment through said nozzle,
secondary control neans which causes at |east said
. two major parts to evolve heat energy differing in

heathenengydchar ageetesti cs and to change the
di stribution of heat energy inparted to the liquid on

sai d heataghAen gueMOLYEBgi BhEABPLrat HET ERY+KORt KOV 1 h§0a
the direction of ejection of the liquid ejected from

E%Eﬂar?oééhﬁrol7me§néiQHEQheﬁgﬁﬁéQgséﬁﬁaﬁ@£93e9@¥§§g
1eat - energy evolving elenments that evolve heat energy

B EQothealy chbAuhes @@eé§5gv%ahga9¢@héfgg{ggﬁ %%%gigﬂecting

el enents are constructe f an integ €,

SORRS%,20 0PREGK BALeLy W3000ed BeLh (LN AL oo

' égégﬂgggpdtﬁgrhafa the approxi mately U shaped part

part - evol ving heat energy to eject
liquid iéeQEX&gﬁg égégro means which 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 liguid on
said heat energy evolving element, thereby controlling
the direction of ejection of the liguid ejected from said
nozzle.

17. 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, comprise 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 liqﬁid is divided into at

least two parts by the turnaround part of the

approximately U-shaped part,
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| east two parts by the turnaround part of the _
approxi mately U shaped part, 37 each of the elenents -
has thereon a nozzle through which liquid is ejected,
said liquid ejecting apparatus further having a
primary- control neans which causes said heat energy
evol ving el.enents to evol ve heat energy, thereby
ejecting liquid on said heat energy ejecting elenent

t hrough said nozzle, secondary control neans which

causes akakhastt thai d1&weniB] Baspahtsebd gvAbYelBeghrough
energy differing in heat energy characteristics and

waiechangeutleisdegkEibyli on of heat energy inparted to
the liquid on said heat energy evolving el ement,
thereby -gaatr 9kli,ng eﬁB@tQhQESFbQEaQEseEGEEhQP RiviRG 2
liquid ejected fromsaid nozzie. 18. Aliquid
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el enents that evolve heat energy to ejec
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secondary control means which causes at least
séid two major parts te 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.

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 evolve heat energy to eject

- liquid by at least one slit formed in at least paft of

the substrate,
having conductors connected thereto at the part

where the two main parts are joined together,
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t he substrate, having conductors connected thereto at

the part- where the two nmain parts are joined

toget her, 38 each of the el enents has thereon a nozzl e
through which Iiquid is ejected, said liquid ejecting
apparatus further having a prinmary control means

whi ch causes said heat energy evol ving elenents to
evol ve heat energy, thereby ejecting liquid on said

heat energy ejecting elenent through said nozzle,
'secondaryachnbfothaeamemehtshhaéusnérébn|@aﬁbzzﬁélﬂhrough
two maj or parts to evolve heat energy differing in
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di stribution of heat energy inparted to the Tiquid on
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gaked eﬂe%éyeev§9v1ng elements to evolve heat energy,
thereby ejecting liquid on said heat energy ejecting
element through said nozzle,

secondary control means which 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 liguid on
_Said heat energy evolving element, thereby contrelling

the direction of ejection of the liquid ejected from said

nozzle.
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