DESCRI PTI ON LI QUI D DI SCHARG NG HEAD, LI QUI D DI SCHARA NG APPARA g@QpANp73
.DRI' VI NG METHOD FOR LI QUI D DI SCHARA NG HEAD 5 Background of Invention -
Technical Field The present invention relates to a liquid discharging head
whi ch discharges liquid in a liquid chanber froma nozzle using energy
such as thermal energy, a liquid 10 di schargi ng apparatus having the liquid
di scharging head, and a driving nethod for the liquid discharging head.
Background Art Recently, in the fields of hard copy, printing, and so 15
on, the need for color output has increased. In response to this need,
appar at uses have been proposed such -asl image produci ng appar at uses and
| i qui d di schargi ng apparatuses wusing color inage production nethods such
as a thermal dye sublimation nethod; a thermal wax transfer method; an ink
20 jet nethod; an el ectro-phot ogragpdierpmtdrod; and a thermal  silver-salt
devel opment nethod. A liquid discharging apparatus using the ink-jet nethod
di schar ges mrglriap paSCHRREIME EAD ,qUIQUCDNRY SCHARB IR GFZREATES, aAP i nt er
head, which is a liquid discharging head, onto a 25 recording nediumto
forma dot. The apPREHINE MREAGP FORpLEQBID DISEHHARF NG dEARd can produce a
high quality image. In this
5 Background of Invention
Technical Field
The present invention relates to a liquid discharging
head which discharges liquid in a liquid chamber from a
nozzle using energy such as thermal energy, a liquid
10 discharging apparatus having the liguid discharging head,

and a driving method for the liquid discharging head.

Background Art
Recently, in the fields of hard copy, printing, and so
15 on, the need for cclor output has increased. In response to
this need, apparatuses have been proposed such as image
producing apparatuses and liquid discharging apparatuses
using color image production methods such as a thermal dye
sublimation method; a thermal wax transfer method; an ink-
20 jet method; an electro-photographic method; and a thermal
silver-salt development methed.
A liquid discharging apparatus using the ink-jet method
discharges a drop of recording liquid {ink) from a nozzle of
a printer head, which is a liquid discharging head, onto a

25 recording medium to form a dot. The apparatus has a simple
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i nk-jet nmethod, an energy generating el enent applies energy to the ink in
.a liquid chanber, thereby causing an ink drop to be discharged fromthe

nozzle. The ink-jet nethods are 5 classified according to the kind of

energy generating elenent into an electrostatic attraction type; a

continuous- vibration generating type (piezo type); and a thermal type. In

the thernmal type, a heater elenent is used as the energy generating

el enent. Local heating (application of 10 energy) of the ink in the liquid

chanber by the heater el enent generates bubbles in the ink inthe liquid

chanber. The pressure generated intHe-bubbles causes the ink to be

di scharged fromthe nozzle onto the recording medium An apparatus using

the thermal -type ink-jet method has a sinple 15 structure and can print a

col or imagerubthiguikh d&'a’iﬁp%ﬁhag herdgnisadiliiftyainagei d dh sahiar gi ng

apparatus using the thermal-type ink-jet nmethod is manufactured by

provi di ng iakseatcoathed Orars whetrggt gemeétdt irdy ielemenkcappsiesvaretrgare | ogic

| Cs, driving heater 20 el enents; heater elenents; ink chanbers; and

nozzl es, it thhi snbrirera ldsiudidsehasleeri -hraedive S8 UBHBY aff etk t

Application Publication No. 7-6B759. Since the heater eleq§nts are

i nt egr at edOWPEhSE FRNAFISFE IHFC HPESPOERE® hedter 18KERERt B LR HE S r anged at

a highsdensity, (ThEr el o0& n? A0 kESE! ¥ 10,8 BERFAPs R§ obtained. q |
element into an electrostatic attraction type; a continuous-
vibration generating type (piezo type); and a thermal type.

In the thermal type, a heater element is used as the
energy generating element. Local heating (application of

10 energy) of the ink in the liquid chamber by the heater
element generates bubbles in the ink in the liquid chamber.
The pressure generated in the bubbles causes the ink to be
discharged from the nozzle onto the recording medium. An
apparatus using the thermal-type ink-jet method has a simple
15 structure and can print a color image.

A liquid discharging head used in a liquid discharging
apparatus using the thermal-type ink-jet method is
manufactured by providing a semiconductor substrate with
drive circuits, which are logic ICs, driving heater

20 elements; heater elements; ink chambers; and nozzles, in
this order, as disclosed in Japanese Unexamined Patent
Application Publication Ne. 7-68759. Since the heater
elements are integrated with the drive circuits, the heater
elements can be arranged at a high density. Therefore,

25 high-resolution prints can be obtained.



- 3 In nost of such liquid discharging heads, a head chip having the
.following structure is used. That is to say, each nozzle is provided with
a heater elenent; the heater elenents are aligned in a row on the
substrate; on one side 5 of the row, the drive circuits are provided; and
on the other side thereof, an ink flow path is provided. By using such a
head chip, the |iquid discharging head can be mniaturized. Concerning
such a liquid discharging head, as disclosed 10 in Japanese Unexam ned
Pat ent Application Publication No. 8- 48034, a nethod for controlling the
di scharging direction of the liquid & ep is proposed. In the nmethod, the
di scharging direction of the liquid drop is controlled by separately
driving a plurality of energy-generating elenments provided 15 for each

liquid chanber, RIG. | :shows i Dg,]d auidrdir-5eRar abags headiedewadpf rom the
si de where theIrrl\ongo%tesOfa?e pr ov‘?%led. I'n Flrg % a Er;\ozzl : 1 is provided for

each ink ¢hanhgr tRe FOT1&8aGlYy istucehasbes sed WoTheat 5 ebesmnts 3A and 3B
are provided side 20 by side in the direction in which the ink chanmbers 2

are aligredh Aszshews iprddi@ed2yibhea émehisfr edeheott blee esttar el enent s
3A and 3B. is connected to a cormmbn wiring pattern 4. The heater el enents
3A and 3Bedemeptanece edl taned power rosuppl Hhe s tERESE oMfDAN® Fidfy pattern

4. The other ends of 25 each of the heater el enents 3A.and %@ are
respec@ivéﬁythe row, the drive circuits are provided; and on the

other side thereof, an ink flow path is provided. By using
such a head chip, the ligquid discharging head can be
miniaturized.
Concerning such a liquid discharging head, as disclosed
10 in Japanese Unexamined Patent Application Publication No. 8-
48034, a method for controlling the discharging direction of
the liquid drop is proposed. In the method, the discharging
direction of the liquid drop is controlled by separately
driving a plurality of energy-generating elements provided
15 for each liguid chamber.
FIG. 1 shows the liquid discharging head viewed from
the side where the nozzles are provided. In FIG. 1, a
nozzle 1 is provided for each ink chamber 2. For each ink
chamber 2, two heater elements 3A and 3B are provided side
20 by side in the direction in which the ink chambers 2 are
aligned. As shown in FIG. 2, one end of each of the heater
elements 3A and 3B is connected to a common wiring pattern 4.
The heater elements 3A and 3B are connected to a power
supply 5 via the common wiring pattern 4. The other ends of

25 each of the heater elements 32 and 3B are respectively
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a -- 4 connected to transistors 7A and 7B via wring patterns 6A and 6B,
.re'spectively. The heater elenents 3A and 3B are grounded via the
transistors 7A and 7B, respectively. The transistors 7A and 7B are
separately switched on at a 5 predeternmined timng according to the
timng-control of a control circuit 9 to drive the heater elenents 3A and
3B, respectively. The currents A and IB flowi ng through the heater

el enents 3A and 3B, respectively, are controlled based on the

determ nation of gate-voltage in the on-state 10 by the control circuit 9.
The heater elements 3A and 3B have -allout the sane shapes and about the
sane resistance values. The heater elenents 3A and 3B are arranged about
sKngEtriga!ly with respect to the center line of the nozzle 1. The liquid
chanber [ NEL T4 i 1.5 L9 ] ldzne bet ween
t he heatefogpgggﬁééa%A anéh%%%rgbagﬁég?fﬁ%&”%%g%gﬁhgfgéﬁfﬁyéiAQﬁ? 3B is
driven, aR,unks, dt@PpdScdisaghar ad Abaddlr AGintEOBACAAH NS A
above-descri bed structure, in the case where each nozzle J. is provided
wth tw heaueteal ef@ntise IAxan2Qsands3BR averid,t respbeatevelt endiitss 3A and 3B
are aligned in a row, where the drive circuits are provided on one side of
the row, amadnwheteran’i rdad |"Gvapat ReParprol dod tehethenothet side thereof,

however, the wirin tt 4 i ri
to thed heéntr@,deépéﬁfgﬂgg %ﬁrﬁ%n a%ﬁ:otrgfné“ ’Ec|> nigqe ptaitrr'fi%rgr—]cs:ogérgfdoff}% connect ed

control circuit 9 to drive the heater elements 3A and 3B,
respectively. The currents IA and IB flowing through the
heater elements 3A and 3B, respectively, are controlled
based on the determination of gate-voltage in the on-state
10 by the control circuit 9. The heater elements 3A and 3B
have about the same shapes and about the same resistance
values. The heater elements 3A and 3B are arranged about
symmetrically with respect to the center line of the nozzle
1. The liquid chamber 2 is about symmetrical with respect
15 to the middle line between the heater elements 3A and 3B.
When either heater element 3A or 3B is driven, an ink
drop is discharged at an angle.
Concerning the above-described structure, in the case
where each nozzle 1 is provided with two heater elements 3A
20 and 3B, where the heater elements 3A and 3B are aligned in a
row, where the drive circuits are provided on one side of
the row, and where an ink flow path is provided on the other
side thereof, however, the wiring pattern 4 or the wiring
patterns 6A and 6B connected to the heater elements 3A and

25 3B need to be bent. In this case, as shown in FIG. 1, a



25 3B need to be bent. In this case, as showmn in FIG 1, a 5 drive circuit
.conposed of the transistors 7A and 7B and the control circuit 9 are

provi ded on the side of the wiring patterns 6A and 6B connecting the
heater elements 3A and 3B to the transistors 7A and 7B, respectively. The
common 5 wiring pattern 4 is bent and led to the side of the wiring
patterns 6A and 6B through the gap between the adjacent heater-elenent
pairs. In this way, the drive circuit and the wiring patterns 4, 6A, and
6B can be laid out efficiently. 10 The current A or IB flow ng through
the individual wring pattern 6A or- 6B~ respectively, flows through the
common wiring pattern 4. Wien the transistors 7A and 7B are both driven to
drive both of the heater elements 3A and 3B, the current 1A 1B flows

through the;canuop Wi { i g, PALLEER fne dPardiiefar o Lidthe Honvert ional
structure, the width of this cormon wiring pattern 4 needs to be greater

than or eguakrb® ciheusum Gfret Beowideh &f dihe sindi viEdued wirimg pattern 6A
and the width of the individual wiring pattern 6B. This causes problens

in that thetnezrkesAcanhdB benaprahgedtlz redtiegh e20ndehsi 34 .andhciBdent al | vy,
in the conventional structure, if the width of the commbn wiring pattern 4
i s | ess thanthkretraum sfonshdnipdeh?®f Xerrqdidiveildual THe re§ Pattern 6A and

tgeel \émé?: g:ﬁﬁ?:gptétlgéi;'ggéguduiaé} bvgnI%:I dipfé e£<3n t %’ svjsﬁdt‘eeo?rgggavglerinogccur s due

patterns 6A and 6B through the gap between the adjacent
heater-element pairs. In this way, the drive circuit and
the wiring patterns 4, 62, and 6B can be laid out
efficiently.

10 The current IA or IB flowing through the individual
wiring pattern 6A or 6B, respectively, flows through the
common wiring patterﬁ 4. When the transistors 7A and 7B are
both driven to drive both of the heater elements 3A and 3B,
the current IA+IB flows through the common wiring pattern 4.

15 Therefore, in the conventional structure, the width of this
common wiring pattern 4 needs to be greater than or equal té
the sum of the width of the individual wiring pattern 6A and
the width of the individual wiring pattern 6B. This causes
problems in that the nozzles cannot be arranged at a high

20 density. Incidentally, in the conventional structure, if
the width of the common wiring pattern 4 is less than the
sum of the width of the individual wiring pattern €A and the
width of the individual wiring pattern 6B, wire breakage
occurs due to electromigration.

25



25 - 6 Disclosure of Invention Considering the above, it is an object of
.the present invention to provide a |liquid discharging head, a liquid

di schargi ng apparatus, and a driving nmethod for the liquid 5 discharging
head capable of laying out drive circuits and so on efficiently so as to
arrange nozzles in a high density, in the case where a plurality of energy
generating elenents are driven to control the direction in which the drop
is discharged. 10 To attain this object, the present invention is a

| i quid di scharging head or a |iquid dischargi ng apparatus including: at

| east one liquid chanber holding |iquied- a nozzle provided for each liquid
chanber; at |east one pair of energy generating el enents provided for each
|l iquid 15 chanber, and applying energy to the liquid held in the [liquid

chanber to dlscharge t he I|gyg@lggﬁygtJyEIQQQAkgona mai n control circuit
connecting a series circuit of the at |east one pair of energy generating

elements to a QENWIdeSHRPkYe @RSyl i ng bheoBfieteast tore ppaisenof energy 20
generating el enents according to the timng for discharging the liquid;, a
sub- cont r dnvehttaht teqnnecided at 3 1iquidnwbethamying dpofinta bbtwteh the at

| east one pair of energy generating elenents, and varying the bal ance of
ener gy ger@eﬁ&hﬁ@gl@@tma{tﬁéraﬁnﬁeas@rbwgpéflerth@fj EREr B gt i ng

el ement s; .
57’ discharging head capable of laying out drive circuits and so

on efficiently so as to arrange nozzles in a high density,
in the case where a plurality of energy generating elements
are driven to control the direétion in which the drop is
discharged.

10 To attain this object, the present invention is a
liquid discharging head or a liquid discharging apparatus
including: at least one liquid chamber holding liquid; a
nozzle provided for each liquid chamber; at least one pair
of energy generating elements provided for each liquid

15 chamber, and applying energy to the liquid held in the
liquid chamber to discharge the liquid from the nozzle; a
main control circuit connecting a series circuit of the at
least one pair of energy generating elements to a power
supply, and driving the at least one pair of energy

20 generating elements according to the timing for discharging
the liguid; a sub-control circuit connected to a connection
midpoint between the at least one pair of energy generating
elements, and varying the balance of energy generation
between the at least one pair of energy generating elements;

25 a first wiring pattern connecting the connection midpoint to



25 a first wiring pattern connecting the connection mdpoint to - 7 the
.sub-control circuit; and second wiring patterns connecting the at |east
one pair of energy generating elenents to the nain control circuit,
wherein the first wring pattern has a width narrower than the wi dth of
the 5 second wiring pattern. According to the present invention, when the
at |east one pair of energy generating elenents are driven, the driving
by the sub-control circuit needs a snmall current conpared with the driving
by the main control circuit which 10 needs a large current. Therefore, the
first wwring pattern can be formed 4 7 & narrow width conpared wth the
second wring patterns. In the case where a plurality of energy
generating elenents are driven to control the direction in which the drop

I's di schargedg . drLyg cif Q'H,iric%i@?daﬁﬁ oD-5an A5 10G bakdeput efficiently so

as to arrange the nozzles in a high density. In addition, the present

i nvention dogin@c@thyi g et hedstf eheaphi Ui edie&@ga?ghegahmg i ncluding a

| i quid chanmber holding Iiquid; a nozzle provide or the Iiquid chanber;

at 20 | eastieapatpats e erdnhgyogenel atimnguigd,embetsipr ohe dedrftor the |iquid
chanmber, and applying energy to the liquid held in the Iiquid chanber to
di schar ge wilréngi gattefn das ke widdhzherrewgmithagofibeoridik cof tthonnecting a

series circuit of the at |east one pair of energy generating elenents to a
5 second wiring pattern.

According to the present invention, when the at least
one pair of energy generating elements are driven, the
driving by the sub-control circuit needs a small current
compared with the driving by the main control circuit which

10 needs a large current. Therefore, the first wiring pattexrn
can be formed in a narrow width compared with the second
wiring patterns. In the case where a plurality of enexrgy
generating eleménts are driven to control the direction in
which the drop i1s discharged, drive circuits and so on can

15 Dbe laid out efficiently so as to arrange the nozzles in a
high density.

In addition, the present invention is a driving method
for a liquid discharging head including a ligquid chamber
holding liquid; a nozzle provided for the liquid chamber; at

20 least one pair of energy generating elements provided for
the liquid chamber, and applying energy to the liguid held
in the liquid chamber to discharge the liquid from the
nozzle; a main control circuit connecting a series circuit
of the at least one pair of energy generating elements to a

25 power supply; a sub-control circuit connected to a



25 power supply; a sub-control circuit connected to a - 8 connection
m*dpoi nt between the at | east one pair of energy generating elenents; a
first wiring pattern connecting the connection mdpoint to the sub-control
circuit; and second wring patterns connecting the at |east one pair of
energy 5 generating elenents to the main control circuit, the driving

met hod including the steps of: driving the series circuit of the at | east
one pair of energy generating elenments according to the timng for

di scharging the liquid by the main control circuit; and varying the

bal ance of energy 10 generation between-the at | east one pair of energy
generating elenents by the sub-control circuit. The first wring pattern
has a wi dth narrower than the width of the second wWiring pattern because

the curr ent, Neces r?gXch%J%rl (NG e HLD5 COM ra[oé Gea CUI I‘Le a§ﬂBA)% eéné the

current necessary mal n contro case where a

plural ity fabeeneigy o rﬁ:ts| ng f@k@f’%‘iﬁr%{ %a@'%le¥ﬁncéﬁn§@@$ﬂc9|tr{fehe

direction™in drop is discharge drive circuits and so on can be
laid out Rbhietent|yiddias te aheasge-ddtecmeazzliesuln; aahd gheatensi ty. 20
Brief Description of the Drawings FIG 1 is a plan view show ng a | ayout
when a pl wiabintypaofelreatcemnelcénvgt sharat dreearigede PhGr Qf isnerdyonnecti on
diagramin the case where the
5 generating elements to the main control circuit, the driving
method including the steps of: driving the series circuit of
the at least one pair of energy generating elements
according to the timing for discharging the liquid by the
main control circuit; and varying the balance of energy
10 generation between the at least one pair of energy
generating elements by the sub-control circuit. The first
wiring pattern has a width narrower than the width of the
second wiring pattern because the current necessary for the
sub-control circuit i1s smaller than the current necessary
15 for the main control circuit.
In the case where a plurality of energy generating
elements are driven to control the direction in which the
drop is discharged, drive circuits and so on can be laid out
efficiently so as to arrange the nozzles in a high density.
20
Brief Description of the Drawings
FIG. 1 is a plan view showing a layout when a plurality
of heater elements are arranged.

PiG. 2 is a connection diagram in the case where the

25 heater elements according to the structure in FIG. 1 are



25 heater elements according to the structure in FIG | are - 9 driven
.separately. FIG 3 is a plan view showing part of a printer head according
to an enbodi nent of the present invention. FIG 4 is an expl oded
perspective view showing a head 5 chip of the printer head in FIG 3. FIG
51is a plan view showing the structure of the printer head. FIGS. 6(A) and
6(B) are a plan view and a sectional view, respectively, show ng an ink
chanber. 10 FIG 7 is a schematic diagram explaining the drive control in
the printer head of FIG 3. FIGS. 8(A), B(B), and B(C) are sectional views
taken along lines A-A, B-B, and GG gespectively, in FIG 7(A). FIG 9
is a connection diagramshowing a main control 15 circuit and a
sub-control circuit. FIG 10 is a plan view showing a specific |ayout of

the head (oM Best Mbde for Carrying Qut the Invention 20 The
enbodi rrentds%qlc‘)’%nt %%%%tsezlr% invention will now be described with reference

to the drawi ngsrg(1) i pUehdhevoby BoadingeRbrEl 66 8 pSirdcdd dRavi ew show ng
a printer head used in a printer according to this enbodiment. This
printer heatok#ing5téd Sad dribreiimead. oAnthalpfdsantpanked2iconnected to an ink
FIG. 4 is an exploded perspective view showing a head
5 chip of the printer head in FIG. 3.
FIG. 5 is a plan view showing the structure of the
printer head.
FIGS. 6(A) and 6(B) are a plan view and a sectional
view, respectively, showing an ink chamber.
10 FIG. 7 is a schematic diagram explaining the drive
control in the printer head of FIG. 3.
FIGS. 8(A), 8(B), and B(C) are sectional views taken
along lines A-A, B-B, and C-C, respectively, in FIG. 7(A}.
FIG. 9 is a connection diagram showing a main control
15 circuit and a sub-control circuit.

FIG. 10 is a plan view showing & specific layout of the

head chip in FIG. 5.

Best Mode for Carrying Out the Invention
20 The embodiments of the present invention will now be
described with reference to the drawings.
(L) Structure of Embodiment
FIG. 3 is a plan view showing a printer head used in a
printer according to this embodiment. This printer head 11

25 is a line head. An ink flow path 12 connected to an ink



- 10 tank is fornmed of a predeterm ned nenber so as to extend across the
.wi'dth of paper as an object of printing. On either side of the ink flow
path 12, head chips 13 are staggered. Each head chip 13 has a row of ink
di scharging 5 nmechanisns. The head chip 13 is forned in a

rectangul ar-solid shape. Along its |ongitudinal face, nozzles 14 are
formed at a fixed nozzle pitch. The ink supplied fromthe ink flow path
12 is discharged fromthe nozzles 14. In such a staggered 10 arrangenent,
the head chips 13 are arranged so that the nozzles 14 are arranged at a
fixed nozzle pitch in the alignment dprection of the nozzles 14, even
between the head chips 13 adjacent to each other. The printer head 11 can
print a desired i mage by driving the head chips 13 arranged 15 across the

wi dth of tt%ﬁk.pfgefOrnhgd to'}e?ﬂgr%é{;&?eérﬁ‘id;ﬁé& 39964 ag_@omf;g&n%ensi ty, the

nozzl e pit i’ ST narrower. ore, e toan error in fitting of the
head chi pg13ssVard afidfih idt bhgenozZ! & Rids Becgpesti@gge it the joint

bet ween the head chips 13 20 adjacent to €ach other. In this enbodi nent,:
control | i egthbe silid et iR iimkwileh pien ik dreep chifgssthaiged fromthe
head chip 13 nmakes it possible to conpensate for the variation in the
nozzl e pi tsthgbetewden Rdreh fead chipsilhaaljaacent ofoishchisoidmring?5 As shown

in FIG 4, the head chip 13 is nmanufactured by
5 mechanisms.

The head chip 13 is formed in a rectangular-solid shape.
Along its longitudinal face, nozzles 14 are formed at a
fixed nozzle pitch. The ink supplied from the ink flow path
12 is discharged from the nozzles 14. In such a staggered

10 arrangement, the head chips 13 are arranged so that the
nozzles 14 are arranged at a fixed nozzle pitch in the
alignment direction of the nozzles 14, even between the head
chips 13 adjacent to each other. The printer head 11 can
print & desired image by driving the head chips 13 arranged

15 across the width of the paper.

If the nozzles 14 are arranged at a high density, the
nozzle pitch is narrower. Therefore, due to an error in
fitting of the head chips 13, variation in the nozzle pitch
becomes large at the joint between the head chips 13

20 adjacent to each other. 1In this embodiment, controlling the
direction in which the ink drop is discharged from the head
chip 13 makes it possible to compensate for the variation in
the nozzle pitch between the head chips 13 adjacent to each
other.

25 As shown in FIG. 4, the head chip 13 is manufactured by



- 11 providing a sem conductor substrate 16 wth a separating wall 18 so
.as to formink chanmbers 17, and thereafter providing a nozzle plate 20. on
t he sem conductor substrate 16, drive circuits driving heater elenents 15A
and 15B are 5 provided. In the nozzle plate 20, the nozzles 14 are forned.
In the head chip 13, as showmn in FIG 5, the heater elenents 15A and 15B
are aligned along the longitudinal face facing the ink flow path 12. In
the region along this face, a heater el enent section is thus forned. In
addition, from 10 this heater el enment section to the opposite face, a drive
circuit section and a connecting ternithal section are provided in this
order. In the drive circuit section, drive circuits driving the heater

el enents 15A and 15B are arranged. In the connecting term nal section,

connectin - ' ing ] JarG ULt - r supply
and so onggﬁglg?%gkggﬁémg e |nko?ns%ﬁ§t?%i¥$¥%&ﬁﬁgiﬁ §3£?§ led to the ink

chanbers 141fir am theaf age adiracent chonbées heat enehkaseahsted5A and 15B. The
drive circuits are provided across the row 20 of the heater el enents 15A

and 15B f amwvtiHengnk fiboaiatlatd220. Thos, the ddwd doeddetbr psdldstaate heat er
el enents 15A and 15B, the drive circuits, and so on are |aid out
ef ficient|h6, GméveheaddcehipsiriTiagehaaher aetemandseflbpcpadt 198 B3 %rovi di ng

or formng the drive circuits, the heater eIerrentZ(s)L;e ang t he %nk %?
chanbePs BPVAdBHur af Pt PHMAAAFSPOATE $Bni CohditAZorSwaf ep e Formed.

In the head chip 13, as shown in FIG. 5, the heater elements
15A and 158 are aligned along the longitudinal face facing
the ink flow path 12. In the region along this face, a
heater element section is thus formed. 1In addition, from

10 this heater element section to the opposite face, a drive
circuit section and a connecting terminal section are
provided in this order. In the drive circuit section, drive
circuits driving the heater elements 15A and 15B are
arranged. In the connecting terminal section, connecting

15 terminals connecting the driver circuits to a power supply
and so on are arranged.

The ink in the ink flow path 12 is led to the ink

chambers 17 from the face adjacent to the heater elements
152 and 15B. The drive circuits are provided across the row

20 of the heater elements 153 and 15B from the ink flow path 12.
Thus, in the head chip 13, the heater elements 15A and 15B,
the drive circuits, and sc on are laid out efficiently. The
head chips 13 are manufactured efficientl? by providing or
forming the drive circuits, the heater elements, and the ink

25 chambers for a plurality of chips on a semiconductor wafer,



- 12 thereafter cutting the sem conductor wafer into a plurality of
.chips, and then attaching a nozzle plate 20 to each chip. As shown in FIG
6(A), a plan view, and FIG 6(B), a sectional view, each |iquid chanmber 17
is provided with a 5 pair of heater elenents 15A and 15B. The pair of
heater el ements 15A and 15B have about the sane shapes and about the sane
resi stance values, and are arranged side by side in the direction in which
the liquid chanbers 17 are aligned. FIG 6(A) is a plan viewwth the
nozzle plate 20 renoved. 10 The printer head 11 can control the direction
in which the ink drop is discharged by €ontrolling the driving of the
heat er el enents 15A and 15B, which are energy generating elenents applying
energy to the ink in the ink chanber 17. FIG 7 is a connection di agram

expl 2l ni ngyLhe, PELAOL acl 3,0l cONLoRbling: Yaeedr iyboc, gfa i heat er

el ement s t he hea on the side k flow
path 12, Jthenbgat eénc?'%ma%tééﬁlﬁ@da %z@ree QQE@GQG% Ryacd Wikl ng
pattern 22, and t her eb by a series circuit of t heat er el ements 15A and

15B i s forned.ad reragddi £0ORIGONG tde %Opalalﬁos-b.ée, satte rHfG.t BeBheaker el ements
15A and 15B fromthe ink flow path 12, the heater elenents 15A and 15B are
connect ed seotwpnahgvist t emcd 224uaddciZzzBen dSpast pveliydedhel thwier i ng
patterns 22A and 22B are connected to the main control circuit 27. The
mai n cont PBLTcPEcheitery glemgngsi Yo 2&ndi ¥Rk t Thei vrag PheP@S%es circuit of

the heaterlgkggEQtESA and 15B have about the same shapes and about

the same resistance values, and are arranged side by side in
the direction in which the liguid chambers 17 are aligned.
PIG. 6(A) is a plan view with the ncozzle plate 20 removed.
10 The printer head 11 can control the direction in which the
ink drop is discharged by contreolling the driving of the
heater elements 15A and 15B, which are energy generating
elements applying energy to the ink in the ink chamber 17.
FIG. 7 is a connection diagram explaining the principle
15 of controlling the driving of the heater elements 15A and
15B. In the head chip 13, on the side of the ink flow path
12, the heater elements 15A and 15B are connected by a
wiring pattern 22, and thereby a series circuit of the
heater elements 15A and 15B is formed. In addition, on the
20 opposite side of the heater elements 15A and 15B from the
ink flow path 12, the heater elements 153A and 15B are
connected to wiring patterns 22A and 22B, respectively. The
wiring patterns 22A and 22B are connected to the main
control circuit 27. The main control circuit 27 is a drive

25 circuit driving the series circuit of the heater elements



- 13 15A and 15B in the timng for discharging the ink drop. The main
.control circuit 27 connects the series circuit of the heater elenments 15A
and 15B to the power supply 25 via a switching circuit 24. 5 Moreover, in
t he head chip 13, the connection mdpoint between the heater elenents 15A
and 15B connected by the wring pattern 22 is connected to the sub-control
circuit 31. According to the direction in which the ink drop is

di scharged, the sub-control circuit 31 varies the currents 10 applied by
the main control circuit 27 to the heater elenments 15A and 15B. That is to
say, according to the direction in-whBch the ink drop is discharged, the
sub- control circuit 31 switches contacts of a selector 28 which is
connected to the wiring pattern 22, thereby varying the 15 bal ance between

the energijgs grpeias eth hd henhgat 86 @ IRAE ngStnanthil dkopucirha bal ance
control can be performed by sw tching between inflow and outfl ow of the

current i ma@nafdneudl ofiddig tconnechhont o tipoiseiribet weeout heof heat er

el enents 15A and 15B, and by varying the value of 20 inflow or outfl ow of
current. Teksecanlahsutpd JPerhdr hBH by therndwsy shepéyeddrvea potential of
the connection mdpoint. In FIG 7, such a mechanismto vary the electric
potenti al swdtchhagcat¥@nmtt i%-conposed of the selector 28, a power supply

b LI R PR CE NG e S e RU
between the heater elements 15A and 15B connected by the
wiring pattern 22 is connected to the sub-control circuit 31.
According to the direction in which the ink drop is
discharged, the sub-control circuit 31 varies the currents

10 applied by the main control circuit 27 to the heater
elements 15A and 15B. That is to say, according to the
direction in which the ink drop is discharged, the sub-
control circuit 31 switches contacts of a selector 28 which
is connected to the wiring pattern 22, thereby varying the

15 Dbalance between the energies generated by the heater
elements 15A and 15B. Such a balance control can be
performed by switching between inflow and outflow of the
current into and out of the connection midpoint between the
heater elements 15A and 15B, and by varying the value of

20 inflow or outflow of current. This can also be performed by
varying the electric potential of the connection midpoint.
In FIG. 7, such a mechanism to vary the electric potential
or the current is composed of the selector 28, a power
supply 29, and resistors 30A to 30D. That is to say, when

25 the resistor 30A or 30B connected to the power supply 29 is



- 14 selected, the selector 28 allows the current to flowinto the
.connection m dpoint between the heater elenents 15A and 15B. The current
is determ ned by the resistance values of the heater elenments 15A and 15B,
the resistance value of the 5 resistor 30A or 30B, and the voltage of the
power supply 29. Wen the contact to which nothing is connected is

sel ected, the selector 28 stops varying the bal ance between the energies
generated by the heater elenents 15A and 15B. When the grounded resistor
30C or 30D is selected, the selector .10 28 allows the current to flow out
of the connection mdpoint between-the -heater el enents 15A and 15B. The
current is determned by the resistance values of the heater elenents 15A
and 15B and the resistance value of the resistor 30C or 30D. 15 Conpared

with the g%iggggd bytﬁ%% @ogogérﬂlcﬂsr Cl:‘t'),e cugZenMcfr;hleﬁ:eq%t% | ar ge

current, rrvin he sub- control circuit 31 onl y needs a smal

current. Ther é&ﬁ)ﬁ@@tfon WikibBEnPabL & 2GR LORARELT Alehdier e ranel enent s
15A and 15B to the sub-control circuit 31 can be narrow conpared 20 with

the wiringspat terd Q2Aemt 22Bdptevntiest fior thize rbhedstancelwrienrtss of5A or 15B,
respectively. In the case of the structure descri bed above wth reference
to FIG 1thehesatée elegicsttandbAvahdetShf thve reféatancelenpmt ©3Ahand 3B are

50 [0] each, and when the 25 heater elenments 3A and 3B are drlv%n by an
electr?c ﬁ@ﬁé?t%¥ 30A or 30B, and the wvoltage of the power supply

When the contact to which nothing is connected is selected,
the selector 28 stops varying the balance between the
energies generated by the heater elements 153A and 15B. When
the grounded resistor 30C or 30D is selected, the selector

JA0 28 allows the current to flow out of the connection midpoint
between the heater elements 15A and 15B. The current is
determined by the resistance values of the heater elements
15A and 15B and the resistance wvalue of the resistor 30C or
30D.

15 Compared with the driving by the main control éircuit
27, which needs a large current, the driving by the sub-
control circuit 31 only needs a small current. Therefore, a
wiring pattern 22C connecting the heater elements 15A and
15B to the sub-control circuit 31 can be narrow compared

20 with the wiring pattern 222 or 22B provided for the heater
elements 15A or 15B, respectively.

In the case of the structure described above with
reference to FIG. 1, when the resistance values of the
heater elements 32 and 3B are 50 [Q] each, and when the

25 heater elements 32 and 3B are driven by an electric power of



- 15 0.5 [W each, a current of 0.2 [A] flows through the comopn w ring
.pdttern 4. In this case, when the common wiring pattern 4 has a thickness
of 600 [nm, and when the wiring pattern 4 has a width of 15 [pn] for a
current of 0.1 [A] 5 for sake of safety, the wiring pattern 4 needs a w dth
of 30 [pn]. In addition, the wiring patterns 6A and 6B each need a width
of 15 Therefore, the nozzle pitch is 60 [pm even when no gap is provided
between the wiring patterns. In fact, since a gap is provided, the nozzle
pitch is much 10 wider. The nozzle pitch cannot be |less than or equal to
65 [NM On the other hand, accordingiso-the structure shown in FIG 7,
when the heater el enents 15A and 15B are each driven by an electric power
of 0.5 [W, no current flows through 15 the wiring pattern 22C connected to
t he sub-cgntr cl it ditj o t [ vales of the
heat er e?é%eg$£ % hﬁhc%%ﬁeg?eagi?f%rgﬂt%ﬁ?ﬁg g?fé@?ﬁdﬁg?n wh??h t he ink
drop is digehag A he subf kgl entdye aRGled thY cEawsh NEidikg drive
currents of the heater el ements 15A and 20 15B to differ by about ten
percent. pheteftore hddhe whdichness dheocdd rimg ,pantienhe22haeddsngo be only a
tenth part of that of the wiring pattern 22A or 22B. For exanple, when the
heat er el prbhesnl1bthanmdcd WEBtar ofdipvérnlbyical ecerircepbwef SO.of [20.5 [W and

0.4 [W, respectively, the current flow ng 25 through the wiring Batterns
22A a 2fprapake Hef gafedir the wiring patiern 4 needs a width of ™ 3
fpm] . In addition, the wiring patterns 6A and 6B each need

a width of 15 [um]. Therefore, the nozzle pitch is 60 [pMm]
even when no gap is provided between the wiring patterns.
In fact, since a gap is provided, the nozzle pitch is much

10 wider. The nozzle pitch cannot be less than or equal to 65
(Hm] .

On the other hand, according to the structure shown in

FIG. 7, when the heater elements 152 and 15B are each driven
by an electric power of 0.5 [W], no current flows through

15 the wiring pattern 22C connected to the sub-control circuit
31. In addition, when the heating values of the heater
elements 15A and 15B are different, the direction in which
the ink drop is discharged can be sufficiently angled by
causing the drive currents of the heater elements 15A and

20 15B to differ by about ten percent. Therefore, the width of
the wiring pattern 22C needs to be only a tenth part of that
of the wiring pattern 222 or 22B. For example, when the
heater elements 15A and 15B are driven by electric powers of
0.5 [W] and 0.4 [W], respectively, the current flowing

25 through the wiring patterns 22A and 22B and the current



- 16 flowng through the wring pattern 22C are 0.1 [A] and 0.089 [A],
.réspectively. FIGS. 8(A), 8(B), and 8(C) are sectional views taken along
lines A-A, B-B, and C-C, respectively, of FIG 7. In 5 the head chip 13,
the width of the wiring pattern 22C is about a tenth part of that of the
wWiring pattern 22A or 22B. In addition, the wiring pattern 22C is di sposed
inthe sane |ayer as the wiring patterns 22A and 22B, and in the gap

bet ween the shown heater el enent 15B and the heater elenent 10 15A (not
shown) provided for the adjacent ink chanber 17. Thus, sufficient space is
obtained in the head chip 13, so thatethe nozzle pitch of the head chip 13
is 42.3 [pnl. In FIG 7, the reference nunerals 41, 42, and 43 denote
interlayer insulating filns of silicon nitride, and the 15 reference

nurer al = 4 lggggge%%%%\é&w 1,901 hEShat @y '26»(:]?%::@!‘0.9 fantaldm. bigbm I n

thi s enbodi nent; chip 137is made by formng a tantalumfilmwth
a thicknega)of -80péivdik, sputtering, and thereafter formng the heater

el enents 15A and 15B with 20 predeterm ned shapes by |ithography and
etching. The hemiser 8 (@hengnBs, 1adAd anid)laBehavet domeEkisitearscakahue of 105
[S2] each. In this enbodinent, the heater elenents 15A and 15B are driven
by an el eeflphg powes AfA,0E8 B, \entoCdfsciraapstielynkof df ¥p. 7Fhe I8ub- cont r ol
circuit 31 causes a current of yp to 25 O.OLILA to fIOM/ﬁgrqugh the wiring
patterﬁ 2?@9 pﬁégeﬁglp 13, the width of the wiring pattern C is

about a tenth part of that of the wiring pattern 22A or Z22ZB.
In addition, the wiring pattern 22C is disposed in the same
layer as the wiring patterns 222 and 22B, and in the gap
between the shown heater element 15B and the heater element

10 15A (not shown) provided for the adjacent ink chamber 17.
Thus, sufficient space is obtained in the head chip 13, so
that the nozzle pitch of the head chip 13 is 42.3 [pm]. In
FIG. 7, the reference numerals 41, 42, and 43 denote
interlayer insulating films of silicon nitride, and the

15 reference numeral 44 denotes a cavitation-resistant layer of
a tantalum film.

In this embodiment, the head chip 13 is made by forming

a tantalum film with a thickness of 80 [nm]l by sputtering,
and thereafter forming the heater elements 15A and 15B with

20 predetermined shapes by lithography and etching. The heater
elements 15A and 15B have a resistance value of 105 [Q] each.
In this embodiment, the heater elements 15A and 15B are
driven by.an electric power of 0.8 [W] to discharge the ink
drop. The sub-control circuit 31 causes a current of up to

25 *0.01 [A] to flow through the wiring pattern 22C, thereby



- 17 causing the heater elenents 15A and 15B to differ in their
.operation. Under this condition, in the case where the heater elenents 15A
and 15B are not caused to differ in their 5 operation, a current of 0.087
[A] flows through each of the heater elenments 15A and 15B. Therefore, the
wi dth of each of the wiring patterns 22A and 22B is set to 15 [pm . The
wdth of the wiring pattern 22Cis set to 1.7 [[1m (15 [pm x 0. 087 [A]
/ 0.01 [A] ) . 10 FIG 9 is a connection di agram show ng specific
structures of the main control circuit 27 and the sub- control circuit 31
The main control circuit 27 wll be- tleseri bed. One end of the series
circuit of the heater elenents 15A and 15B is connected to the power

suppl y 50 15 and the other end is grounded via a constant current circuit

51 which i-g,a; NOSERT. hemrog_-g Lakhes 9£Atahfa cl%stt%nalw&em cidincuit 51 is

controlle by a“predetermn control signal SCl via an AND circuit 52
which is @%ekagggﬁer circuit. The signal level of the control signal SC1
is raised an 20 image-data processing circuit (not shown) in timngs
when ink dr opsnade thischangediascoirdithg taspapkers egwte fhearetthe nozzle 14
to which the main control circuit 27 is allotted. |In these timngs, the
series ciedemends 1k rehtlhB erenpatscausid dird diSEers iar FReHr by the power

supply_50. 25 Th b- trol
PP y operatlgn?ua éﬁgkéé% S? B?Hb% ?&]Iéﬁéﬁgn¥§¥g%ggfe Owegf t éﬂ y

heater elements 15A and 15B. Therefore, the width of each
of the wiring patterns 22A and 22B is set to 15 [pm}. The
width of the wiring pattern 22C is set to 1.7 [pm] (15 [pm]
x 0.087 [A] / 0.01 [A]).

16 - FIG. 9 is a connection diagram showing specific
structures of the main control circuit 27 and the sub-
control circuit 31. The main control circuit 27 will be
described. One end of the series circuit of the heater
"elements 152 and 15B is connected to the power supply 50,

15 and the other end is grounded via a constant current circuit
51 which is a MOSFET. The operation ¢of the constant current
circuit 51 is controlled by & predetermined control signal
SC1 via an AND circuit 52 which is an inverter circuit. The
signal level of the control signal SCl is raised by an

20 image-data processing circuit (not shown) in timings when
ink drops are discharged according to paper feed from the
nozzle 14 to which the main control circuit 27 is allotted.
In these timings, the series circuit of the heater elements
152 and 15B is driven by the power supply 50.

25 The sub-contrecl circuit 31 is composed of power supply



- 18 ~circuits 55A, 55B, 55C, and 55D which cause a predeterm ned val ue of
.current to flowinto or out of the connection mdpoint between the heater
el ements 15A and 15B. The proportion of values of the current caused to
flowinto or 5 out of the connection mdpoint by the power supply circuits
55A, 55B, 55C, and 55D is set to 4:2:1:1 based on a setting of a constant
current circuit included in each power supply circuit. According to
control signals SA, SB, SC, and SD, the power supply circuits 55A, 55B,
55C, and 55D, 10 respectively, cause the heater elenents 15A and 15B to
differ in their operation based on thes above values of current. O her than
t he above, the power supply circuits 55A 55B, 55C, and 55D have the sane
structure. Therefore, the power supply circuits 55A alone will be

descr i bedci B, 15: detal lucsl N shi 59000 TBAL, LGB ORRFLA A ofs Sl T ent

val ues of the power 'supply circuits 5B, 55 and 55D 1s set to

4:2:2:1. Belueess the-MOWeR oSEDBkY1&hs b tutboA tBEBeoancke 5C, the current
val ue varies gradually in the manner of a 20 factorial of twos. Therefore,

t hi s enbodidpoinasbetwiral ehkabeatiesi efpdnergisr UGRURAE AR t MEhéheat er el enents
15A and 15B are caused to differ in their operation efficiently. In this
enbodi mnenprophetcomtabivadiugnabs B¢ SBre®C, candedShr af kowldtndronioed so t hat

the ink drogs di scharged fromthe 25 nozzles 14 are in a predeterm ned
pitCh.SThP§ C@ﬁpE%%Eﬁquectlon midpoint by the power supply circuits

55A, 55B, 55C, and 55D is set to 4:Z2:1:1 based on a setting
of a constant current circuit included in each power supply
circuit. According to control signals SA, SB, SC, and SD,
the power supply circuits 55A, 55B, 55C, and 55D,

10 respectively, cause the heater elements 15A and 15B to
differ in their operation based on the above walues of
current. Other than the above, the power supply circuits
55A, 5bB, 55C, and 55D have the same structure. Therefore,
the power supply circuits 55A alone will be described in

15 detail.

In this embodiment, the proportion of current wvalues of
the power supply cifcuits 55A, 55B, 55C, and 55D is set to
4:2:2:1., Between the power supply circuits 55, 55B, and
55C, the current value varies gradually in the manner of a

20 factorial of two. Therefore, this embediment as a whole has
a simple structure, and the heater elements 15A and 15B are
caused to differ in their operatiocn efficiently.

In this embodiment, the control signals S&, SB, SC, and
SD are determined so that the ink drops discharged from the

25" nozzles 14 are in a predetermined pitch. This compensates



- 19 for the variation in the position of the ink dot due to

-manuf acturing variations such as an error in fitting of the head chips 13.
Therefore, the quality of printing results is much higher than that of the
conventional printer head. 5 A direction switching signal SC3 sw tches
between the current inflow and the current outflow into and out of the
connection m dpoint between the heater elenents 15A and 15B. In the power
supply circuit 55A, the direction switching signal SC3 is input into an
exclusive NOR circuit 57. 10 According to the direction swtching signal
SC3, the exclusive NORcircuit 57 switches the polarity of the control
signal SA. In the power supply circuit 55A, a signal output fromthis
exclusive NOR circuit 57 is input directly into an AND circuit 59. The

signal is f%'rS(EhE”Péﬂ@i%gidgl”H% apgt ggg%ﬁi\g Cl# Gyt ‘]‘ﬁ% %ﬂg Al igyerter circuit

60, which reverses t olarity e signal. circurts 59 and 61

gate the QuhRWhcELONAY frilh8 o8%CLUSh Vs NOR e rGldrCUht Dt AR dherput put
signal of the inverter circuit 60, respectively, according to the control
si gnal SCheaandh2Ps o1a putTHchedot-a, t bee MGEEES; 6Z apin63ng respaats vel y. -
While the heater elenents 15A and 15B are driven according to the control
signal SCis mhehMDBRETs BRnanda63cir ehendaffentdontlobtedtennpashent ari ly
according to the direction swtching signal SC3 and the control signal SA
25 I'n $he powed &hisstiosi sudFehona st 1cShst ANt tekps dittween the

current inflow and the current outflow into and out of the
connection midpoint between the heater elements 15A and 15B.
In the power supply circuit 55A, the direction swifching
signal SC3 is input into an exclusive NOR circuit 57.

10 According to the direction switching signal SC3, the
exclusive NOR circuit 57 switches the polarity of the
control signal SA. In the power supply circuit 55A, a
signal output from this exclusive NOR circuit 57 is input
directly into an AND circuit 59. The signal is also input

15 into another AND circuit 61 via an inverter circuit 60,
which reverses the polarity of the signal. The AND circuits
59 and 61 gate the output signal of the exclusive NOR
circuit 57 and the output signal of the inverter circuit 60,
respectively, according to the control signal SC1, and

20 output them to the MOSFETs 62 and 63, respectively. While
the heater elements 152 and 15B are driven according to the
control signal SC1, the MOSFETs 62 and 63 are on/off-
controlled complementarily according to the direction
switching signal SC3 and the control signal SA.

25 In the power supply circuilt 55A, the constant current



- 20 circuit 58, which is a MOSFET, is on/off-controlled according to the
.control signal SC2 to cause the heater elenents 15A and 15B to differ in
their operation or not to cause. In the power supply circuits 55A to 55C,
the 5 proportion of values of current for causing the heater elenments 15A
and 15B to differ in their operation is set to 4:2:1:1 based on a setting
of this constant current circuit 58. The sources of the MOSFETs 62 and 63
are connected to 10 this constant current circuit 58. The drain of the
MOSFET 62 is connected to the connection m dpoint between the heater

el ements 15A and 15B. The drain of theoMISFET 63 is connected to a current
mrror circuit consisting of MOSFETs 64 and 65 provi ded on the power
supply side. The MOSFET 65 15 of this current mrror circuit causes a

const ant ané %gB‘h#h H%t hBEFE?””f@tdé¥5f¥'g%BkPglPEé“ee” t he heater

el enent s i's constant clrrent 'has e sane current value as

that of t%%ceea%anﬁo CAHd n TR C Yl hnaB. scWid %ahla% hratisa@dements 15A and
15B are driven according 20 to the control signal SCl, the MOSFETs 62 and

63 are onklkheneeni sl el IGEReaRAEari 1y AeGar dpagat Dot her digtedtd on
swi tching signal SC3 and the control signal SA. The constant current
circuit S&auwhichIhstméupqweandapdlmfcixmmﬁtﬂi&ﬁﬁ toper@t eshaaccording to the
control signal In 25 order to cause the heater elenents 15A and 15B to
d,ffer5|,1proportlon of values of current for causing the heater
elements 15A and 15B to differ in their operation is set to
4:2:1:1 based on a setting of this constant current circuit
58.
The scurces of the MOSFETs €2 and 63 are connected to
10 this constant current circuit 58. The drain of the MOSFET
62 is connected to the connection midpoint between the
heater elements 15A and 15B. The drain of the MOSFET 63 is
connected to a current mirror circuit consisting of MOSFETs
64 and 65 provided on the power supply side. The MOSFET €5
15 of this current mirror circuit causes a constant current to
flow into the connection midpeoint between the heater
elements 15A and 15B. This constant current has the same
current value as that of the constant current circuit 58.
While the heater elements 15A and 15B are driven according
20 to the control signal SCl, the MOSFETs 62 and 63 are on/off-
controlled complementarily according to the direction
switching signal SC3 and the control signal SA. The
constant current circult 58, which is the standard of

operation, operates according to the control signal SC2. 1In

25 order to cause the heater elements 152 and 15B to differ in



- 21 their operation, when the current flows out of the connection
-m'dpoint, the MOSFET 62 is switched on to allow the constant current
circuit 58 to absorb the current. On the other hand, when the current
flows into the connection 5 m dpoint, the MOSFET 63 is switched on to all ow
the constant current circuit 56 to discharge the current. In this way,

the direction in which the ink drop is discharged fromthe nozzle 14 is
controlled by the heater elenents 15A and 15B. FIG 10 is a plan view
showi ng a specific layout of the 10 head chip having such a main control
circuit 27 and a sub- control circurt2Bl- In the head chip 13, drive
circuit wunits are arranged side by side in the longitudinal direction
corresponding to the arrangenent of the nozzles 14 (FIG 10(A)). Each unit

drives th%h?%§tgﬁefééqgﬁvS%Hg%At%@dc%ﬁréé%gffﬂhsegﬁg Leagud chamber 17. 1In

each unit, e wring pattern 22, e wring pattern 22C, the heater

el ements %@ﬁne@@ﬁoﬁaﬁ%@dﬂjﬂ,th\é@ MbBEEPats efN AAAcARE RBrar£L@w anged in
this order fromthe side of the ink flow path. The wiring pattern 22

connects tthe heatesnelanerdrs: HSAcahd 15B¢ ekiXdrdetihescufheniv riarg pattern
22C connects this wiring pattern 22 to the sub-control circuit 31. The

Wi ring patther pghezharthd WEB dbenecrrehe Heutseringloerbat SOBHC iR 158,
respectively, to the main control circuit 27. In the adjacent region ARIL,

t he MOBFETEPOSRTt hERSrd P It o S28WEFFIRH 1O FC ZAHOY hEPRESHEETES ™62 to 65

of the sub;control, cuit 58 to discharge the current. In this way,

the direction in which the ink drop is discharged from the
nozzle 14 is controlled by the heater elements 15A and 15B.
FIG. 10 is a plan view showing a specific layout of the

10 head chip having such a main contrel circuit 27 and a sub-
control circuit 31. In the head chip 13, drive circuit
units are arranged side by side in the longitudinal
direction corresponding to the arrangement of the nozzles 14
(FIG. 10{a)). Each unit drives the heater elements 1l5A and

15 15B for each liquid chamber 17. In each unit, the wiring
pattern 22, the wiring pattern 22C, the heater elements 15A
and 15B, and the wiring pattern 22A and 22B are arranged in
this order from the side of the ink flow path. The wiring
pattern 22 connects the heater elements 15A and 15B in

20 series. The wiring pattern 22C connects this wiring pattern
22 to the sub-control circuit 31. The wiring patterns 22A
and 22B connect the heater elements 15A and 158,
respectively, to the main control circuit 27. In the
adjacent region AR1, the MOSFET 51 of the main control

25 circuit 27, and the MOSFETs 62 to 65 of the sub-control



- 22 circuit 31 are disposed. In the next region AR2, the other

.cdnmponents of the sub-control circuit 31 are disposed. In the further next
region AR3, the other conponents of the main control circuit, and a
control circuit controlling 5 operation of the main control circuit and the
sub-control circuit are disposed. In this way, the drive circuits for the
heater el enents 15A and 15B are disposed in the regions ARl to AR3. (2)
Qperation of Enbodinment 10 In this printer having the above structure,
based on 1inmage data, text data, and so on to print, ink drops are

di scharged fromthe printer head 11- Zhe-paper as an object of printing is
conveyed by a paper feed nechanism The ink drops adhere to the paper
bei ng conveyed. I'n this way, an 15 image, a text, and so on are printed

accordi ”gfctl(%ﬁh&‘% 3Pp§£@.td g.s{bo%f dt he R”:I% qfe)p:e%g%%nf Egi ‘Zl)l dihdde printer

head 11 o e convention rint urality o ead c |ps 13 are

st agger ed..kacRehead £ Js,?ub—%ﬁtwk Qilscqﬁaer %nar@eemﬁwé@ There is
variation in the 20 nozzle pitch due to variation in the arrangenment of the

head chi phel3urtRendth:ti bgilhenr3| stivardtdtdrorcdmpohbets charast eri stics of
the head chip 13. Therefore, the position of the ink drop discharged from
the nozzl ewi4a endtrabheriow toanbeapaperraladiesudt gontretleigral e. This

causes 25 deterioration in the quality of print, and in an extrene
operation of the main control circuit and the sub-control

circuit are disposed. In this way, the drive circuits for
the heater elements 15A and 15B are disposed in the regions
AR1 to ARS3.
(2) Cperation of Embodiment
10 In this printer having the above structure, based on
image data, text data, and so on to print, ink drops are
discharged from the printer head 11. The paper as an object
of printing is conveyed by a paper feed mechanism. The ink
drops adhere to the paper being conveyed. In this way, an
15 image, a text, and so on are printed according to the
operation of the printgr head 11 (FIG. 7).

In the printer head 11 of the conventional printer, a
plurality of head chips 13 are staggered. Each head chip 13
has ink discharging mechanisms. There i1s variation in the

20 nozzle pitch due to variation in the arrangement of the head
chips 13. In addition, there is variation in the
characteristics of the head chip 13. Therefore, the
position of the ink drop discharged from the nozzle 14 and
adhering to the paper varies on a minute scale. This causes

25 deterioration in the quality of print, and in an extreme



- 23 case, vertical lines. However, in the printer according to the
.pr'esent invention, the position where the ink drop adheres to the paper
is corrected by tuning the direction in which.the ink 5 drop is discharged
fromthe nozzle 14. In this way, deterioration in the quality of print is
prevented efficiently. The ink drop is discharged by a so-called thernal
type nethod by driving a plurality of heater elenents 15A and 15B provi ded
for each ink chanmber 17. The 10 plurality of heater elenments are caused to
differ in their operation. In this way, the direction in which the ink
drop is discharged fromthe nozzle-143is tuned (FIGS. 4 and 7). In the
printer of the present invention, the main control circuit 27 connects the
series circuit of the heater 15 el enents 15A and 15B to the power supply
25 in a predeterpiped.{ipdno to drive and operate the heater elements 15A
and 15B. At this tinme, the sub-control circuit 31 causes an inflow or an

outfl ow of curgeMvdnt qrokneubrofitet ha-aN@Gt keNtA: dpaiddnibet ween t he
heater el enents 15A and 20 15B to cause the heater elenments 15A and 15B to

di ffer ininveeiioopetlatimmsitilba euerentheainie dafort hehenés ove dthet he out fl ow
is set to a tenth part at a maximum of the current concerning the main
control cipepgirt ig7coTheciiditty dunihe Wheidlrgeiticer An2atichntie et to about

25 a tenth part of the wwdth of the wiring pattern 22A or 22B.
5 drop is discharged from the nozzle 14. 1In this way,

detericration in the guality of print i1s prevented
efficiently. The ink drop is discharged by a sc-called
thermal type method by driving a plurality of heater
elements 15A and 15B provided for each ink chamber 17. The
10  plurality of heater elements are caused to differ in their
operation. In this way, the direction in which the ink drop
is discharged from the nozzle 14 is tuned (FIGS. 4 and 7).
in the printer of the present invention, the main
control circuit 27 connects the series circuit of the heater
15 elements 15A and 15B to the power supply 25 in a
predetermined timing to drive and operate the heater
elements 15A and 15B. At this time, the sub-control circuit
31 causes an inflow or an outflow of curfent into or out of
the connection midpoint between the heater elements 154 and
20 15B to cause the heater elements 15A and 15B to differ in
their operation. The current value of the inflow cr the
outflow is set to a tenth part at a maximum of the current
concerning the main control circuit 27.
The width of the wiring pattern 22C can be set to about

25 a tenth part of the width of the wiring pattern 22A or 22B.



24 ‘The Wi ring pattern 22C connects the sub-control circuit 31 and the
.connection m dpoint between the heater elenents 15A and 15B. The wring
patterns 22A and 22B connect the main control circuit 27 to the series
circuit of the heater 5 elenents 15A and 15B. In the printer of the present
i nvention, even when the wiring pattern 22Cis bent toward the wring
patterns 22A and 22B and when the wiring pattern 22C is disposed in the
sanme |ayer as the wiring patterns 22A and 22B, the nozzle pitch can be
very small conpared with 10 the structure described above with reference to
FIG 1, and therefore a desired i maggscan be printed at a high

resolution. In addition, the heater elements and the drive circuits can be
| aid out efficiently by arranging the nozzles at a 15 small pitch,

arrangi ngoi e heat et ol ammntsclafand: J96.o1de gl de Lidiie direction of

t he rom1o the noz supp ying i romone Si e rom1of t he

nozzles, apd tﬁé588§ﬁéﬁkfdﬁﬁmH@FelﬁenEéﬁweéﬂrﬂHé 122806 & NEnSis cont rol
circuits on the other side of the row of the nozzles. 20 (3) O her

Enbodi nenasdAlbRougthé heldisat eatebenent za airel reede cofinact hile fridim of
tantalumin the above enbodi nent, the present inventionis not limted to
this. Thecksaret eirment L7rep Wbenseelied civrariidusfr bbéshextemteri al s such

as tungsten, nichrone, 25 nlckel Eoly5|llcon and titaniumnitride.
elements 15A and 15B. he "'printer of the present

invention, even when the wiring pattern 22C is bent toward
the wiring patterns 222 and 22B and when the wiring pattern
22C is disposed in the same layér as the wiring patterns 22A
and 22B, the nozzle pitch can be very small compared with
10 the structure described above with reference to FIG. 1, and
therefore a desired image can be printed at a high
rescolution.
In addition, the heater elements and the drive circuits
can be laid out efficiently by arranging the nozzles at a
15 small pitch, arranging the heater elements 15A and 15B side
bylside in the direction of the row of the nozzles 14,
supplying ink from cne side of thé row of the nozzles, and
disposing the main contreol circuits and the sub-control
circuits on the other side of the row of the nozzles.
20 (3) Other Embodiments
Although the heater elements are made of a thin film of
tantalum in the above embodiment, the present invention is
not limited to this. The heater elements may be made of
various resistor materials such as tungsten, nichrome,

25 nickel, polysilicon, and titanium nitride.



- 25 ‘Although the heater elenments are driven or caused to differ in their
.operation by current drive in the above enbodinent, the present invention
is not limted to this. The heater elenents may be driven or caused to
differ in 5 their operation by voltage drive. Al though two heater el enents
are provided for an ink chanber in the above enbodi nent, the present
inventionis not limted to this. Three or nore heater elenents may be
provided. In this case, the plurality of heater elenents 10 are arranged
side by side and connected in series. Each connection m dpoint between the
heater elements is connected to the ggb-control circuit. The heater

el enments are caused to differ in their operation in the direction in which
the heater elenents are arranged side by side. 15 Although the heater

el ements are napaﬂg%ﬁ%?%ge?%¥¥%ég&“?k%t%h%r@b8¥ c&rhadient. 4 the present

invention is I eater elements may be arranged in a
radial patgiefrR, Sont PRt £ he,diak i 8h0Ryi Susiathanded iR Mad iQus.e directions.
in this case, the nunber of heater elenents is 20 set to an even nunber
Each pair egbobBentrt, etlenptcsendi $p06LEH @ppasinicd eaahted hes tilsisconnected in
series. Each connection mdpoint between the pair of heater elenments is
connect ed The thetsubebowmwrtsl meyr bai driven esmatausedytoadil £6ér drhe heater

el enents are connected in the center. The 25 plurality of heater elenents
are drPvertbByraCpRagkipredty voltage drive.

Although two heater elements are provided for an ink
chamber in the above embodiment, the present invention is
not limited to this. Three or more heater elements may be
provided. In this case, the plurality of heater elements

10 are arranged side by side and cocnnected in series. Each
connection midpoint between the heater elements is connected
to the sub-control circuit. The heater elements are caused
to differ in their operation in the direction in which the
heater elements are arranged side by side.

15 Although the heater elements are arranged side by side
in the above embodiment, the present invention is not
limited to this. The heater elements may be arranged in a
radial pattern so that the ink drop is discharged in various
directions. In this case, the number of heater elements is

20 set to an even number. Each pair of heater elements
disposed opposite each other is connected in series. Each
connection midpoint between the pair of heater elements is
connected to the sub-contreol circuit. Alternatively, all of
the heater elements are connected in the center. The

25 plurality of heater elements are driven by a phase feed



10 - 26 nethod typified by a so-called Y-connection. The connection ‘
.center is connected to the sub-control circuit. Alternatively, these may
be conbi ned. Al though the heater elenents and the drive circuits are 5
integrated on the sem conductor substrate in the above enbodinent, the
present invention is not limted to this. The heater elenments and the
drive circuits may be separated. Although controlling the direction in
which the ink drop is discharged is used for conpensating for the 10
variation in the position where the ink drop adheres on the paper in the
above enbodi nent, the present inventigg s not |limted to this. The
controlling of the direction in which the ink drop is discharged may be
used for increasing t he quality of print, and for sinplifying the

structure, t noszénggde‘jdVe SNE 6338 WELE, %tH' yr al %R% Qénrgeoétﬁ.e%re for med

by a S|n§} £6 rRciease Fesol ution. hou pr esent

I nvention dg3,apphkedohifed dd1@Mhe LYBECLANGIPIHiRLRE t WhOSE ener gy
generating elenents are heater elenents 1n the above enbodi nent, the

present 2@Qligavrentioslys tradsd mAkt 8d tembhiesd. The present |nvent|on may be
applied to printers or printer heads having other types of energy
generating el erkthcugucineabeatpr eebenierpes and ahe eteet rostatitc type.
AIthou%h the present invention is applied to a printer

integrated on the semiconductor substrate in the above

embodiment, the present invention is not limited to this.

The heater elements and the drive circuits may be separated.

Although controlling the direction in which the ink

drop is discharged is used for compensating for the

10 wvariaticn in the position where the ink drop adheres on the
paper in the above embodiment, the present invention is not
limited to this. The controlling of the direction in which
the ink drop is discharged may be used for increasing the
gquality of print, and for simplifying the structure, for

15 example, in the case where a plurality of dots are formed by
a single nozzle in order to increase resolution.

Blthough the present invention is applied to a thermal
type line printer whose energy generating elements are
heater elements in the above embodiment, the present

20 invention is not limited to this. The present invention may
be applied to printers or prihter heads having other types
of energy generating elements such as a piezo type and an
electrostatic type.

Although the present invention is applied to a printer

25 head discharging ink drops in the above embodiment, the



25 head di scharging ink drops in the above enbodinent, the 0 - 27 present

. nvention i s not

printer

pr esent

appar at uses,
Mor eover,

limted to this. The present invention may be applied to

heads that discharge drops of various dyes, or drops of liquid for
formng a protective layer, instead of ink drops. In addition, the 5
invention may be applied to mcro dispensers, neasuring

and testing apparatuses that discharge drops of a reagent.
the present invention nay be applied to pattern producing

apparatuses that discharge drops of an agent protecting a nenber from 10
I ndustrial Applicability As deseri bed above, when the direction in

et chi ng.
whi ch t he

liquid drop is discharged is controlled by controlling 15

operation of a plurality of heater el enents which are energy generating

el enent s
t he heate

I%Vsie%%dikgén'g_u%b 1d Gy+d 1GRATBET o BRI N TﬁgnbE%%eﬁ:r cuit drives

enent's, and a sub- control circuit varies't

al ance bet ween

the h??t eri nvRIr@BAl fay J& I N@ L UL BREnEONCRIIHNGEHLRe asybngsf rol 20
ci rcui
can be fordmghs pfavaaloww dMedt, horTHebps o6£,1igdien fokefdimesgiaon i n whi ch
the liquid drop is discharged is controlled by controlling operation of
t he pl ur algnotesftigrelt gyegenigrsitaadg ol énkendsopshr | & eddtbies, adtk so on can

be

10

15

20

25

is small

the"wiring pattern concerning the sub- control circuit

present invention may be applied to micro dispensers,

measuring apparatuses, and testing apparatuses that

discharge drops of a reagent. Moreover, the present

invention may be applied to pattern producing apparatuses
that discharge drops of an agent protecting a member from

etching.

Industrial Applicability

As described above, when the direction in which the
liguid drop is discharged is controlled by controlling
operation of a plurality of heater elements which are energy
generating elements provided for each liguid chamber, a main
control circuit drives the heater elements, and a sub-
control circuit varies the balance between the heater
elements. Since the current concerning the sub-control
circuit is small, the wiring pattern concerning the sub-
control circuit can be formed in a narrow width. Therefore,
when the direction in which fhe liquid drop is discharged is
controlled by centrolling operation of the plurality of
energy generating elements, drive circuits and so con can be

laid out efficiently to arrange nozzles in a high density.



25 lLai'd out efficiently to arrange nozzles in a high density. - 28 That is
.t0 say, drive circuits and so on can be laid out efficiently to arrange
nozzles in a high density by formng the wiring pattern concerning the
sub-control circuit in a narrow wi dth; arranging the heater elenents 5
side by side in arowin the direction in which the nozzles are aligned,
providing the main control circuit and the sub- control circuit on one side
of the row, providing an ink flow path on the other side thereof; and
| eading the wiring pattern concerning the sub-control circuit fromthe
side of 10 the flow path to the sub-comt¥ol circuit via the gap between
adj acent groups of the heater elenents. - 29 CLAIMS 1. Aliquid
di schar gi ng head conprising at | east one quuid chanber holding liquid; 5
a_nozzl e proviged for «gachy| | gyl gl chamhets alal easi, ong Bal 12k energy

or each Tiqui

generating elenents prOVI er app yi ng energy

to the |iguidrhglddn ¢ % Ekgb}h o Cherieds i di ﬁgeﬁr@&lsf@y lgyquid fromthe
nozzle; 10 a main control circui connectlng a series circuit of t he at

| east one fpamnind®ftlenesigy nge paraktrngecehemring theasupowettsaippl y, and
driving the at | east one pair of energy generating elenents according to
t he ti m ngiforiti st hamrgmrgw width; arranging the heater elements
5 side by side in a row in the direction in which the nozzles

are aligned; providing the main control circuit and the sub-

control circuit on one side of the row; providing an ink

flow path on the other side thereof; and leading the wiring

pattern concerning the sub-control circuit from the side of

10 the flow path to the sub-contrel circuit wvia the gap between

adjacent groups of the heater elements.



the-lfquid; 15 a sub-control circuit connected to a connection m dpoint
.bétween the at |east one pair of energy generating elenents, and varying
t he bal ance of energy generation between the at |east one pair of energy
generating elenents; a first wiring pattern connecting the connection 20
m dpoint to the sub-control circuit; and second wring patterns connecting
the at | east one pair of energy generating elenents to the main control
circuit, wherein the first wiring pattern has a width narrower than the
wi dth of the second wiring pattern. 25 i a - 30 2. The liquid discharging
head according to Caim1, wherein thegoenergy generating elenent is a
heater elenment. 3. The liquid discharging head according to Caiml, 5
wherein the at | east one liquid chanber are arranged in a row, the at

| east one pair of energy generating.gh nts are arranged in a row al ong
the row of the liquid chanbers; the at least one pair of energy generating
el ements, 10 the main control circuit, and the sub-control circuit are
provi ded on a sem conductor substrate; the main control circuit and the
sub-control ciTguif liquid discharging head comprising:

at least one liguid chamber holding liquid;
5 a nozzle provided for each ligquid chamber;
at least one pair of energy generating elements
provided for each liquid chamber, and applying energy to the
liguid held in the liquid chamber to discharge the liquid
from the nozzle;

10 a main control circuit connecting a series circuit of
the at least one pair of energy generating elements to a
power supply, and driving the at least one palr of energy
generating elements according to the timing for discharging
the liguid:

i5 a sub-control circuit connected to a connection
midpoint between the at least one pair of energy generating
elements, and varying the balance of energy generation
between the at least one pair of energy generating elements;

a first wiring pattern connecting the connection
20 midpoint to the sub-control circuit; and
second wiring patterns connecting the at least one pair
of energy generating elements to the main control circuit,
wherein the first wiring pattern has a width narrower
than the width of the second wiring pattern.
25



areadfsposed on one side of the row of the energy generating elenents, and
a‘flow path supplying the liquid chanbers with 15 the liquid is disposed
on the other side thereof; the first wiring pattern is led fromthe side of
the flow path to the sub-control circuit via the gap between adjacent
groups of the energy generating elenents. 20 4. A liquid discharging
apparatus having a liquid discharging head, the |Iiquid dischargi ng head
conprising: at least one liquid chanber holding liquid; a nozzle provided
for each liquid chanber; at |east one pair of energy generating el enents 25
provi ded for each |iquid chanber, andzapplying energy to the -- 31 Iliquid
held in the |iquid chanber to discharge the liquid fromthe nozzle; a main
control circuit connecting a series circuit of the at |east one pair of

energy_generatjng gl erﬁ’&ﬁ;ﬁl tnglg h?::r% rhe%‘épgc&r&{‘ did \ing ”ie at | east

one pair of eneéfrgy gener according to the timng for

di schar gi nge LA lchQUérQerg%; %é@xe‘?c%&ﬁ&'eférﬁé}w i canpegted éPer@eIﬁ‘PnneCt' on
m dpoi nt between the at |'éast one pair energy generating 10 el enents,

and varying the bal ance of energy generatlon between the at | east one pair
of energy generating elenents; a first wiring pattern connecting the
connection m 8poiTie tldcuhe sdbetargirgl headceictprdhgg to Claim 1,

5 wherein the at least one liquid chamber are arranged in
a Irow;
the at least one pair of energy generating elements are
arranged in a row along the row of the ligquid chambers;
the at least one pair of energy generating elements,
10 the main control circuit, and the sub-control circuit are
provided on a semiconductor substrate;
the main contreol circuit and the sub-control circuit
are dispesed on cne side of the row of the energy generating
elements, and a flow path supplying the ligquid chambers with
15 the liquid is disposed on the other side thereof;
the first wiring pattitern is led from the side of the
flow path to the sub-contrel circuit via the gap between

adjacent groups of the energy generating elements.

20 4. A liquid discharging apparatus having a liquid
discharging head, the liquid discharging head comprising:
at least one liquid chamber holding liguid;
a nozzle provided for each liguid chamber;
at least one pair of energy generating elements

25 provided for each liquid chamber, and applying energy to the



second W ring patterns connecting the at |east one pair 15 of energy
.génerating elenents to the main control circuit, wherein the first wiring
pattern has a width narrower than the width of the second wiring pattern
5. Adriving nethod for a liquid discharging head 20 conprising a liquid
chanmber holding Iiquid; a nozzle provided for the liquid chanber; at |east
one pair of energy generating elenents provided for the liquid chanber,
and applying energy to the liquid held in the liquid chanber to discharge
the liquid fromthe nozzle; a main control circuit 25 connecting a series
circuit of the at | east one pair of--3B2- energy generating elenents to a
power supply; a sub-control circuit connected to a connection m dpoint
between the at |east one pair of energy generating elenents; a first

W ring p%gﬁ&@ Hé’f‘&‘eﬁ{ 1BQ §he.¢QnaeLhlan 4y @Lﬁ%ﬂér&@ Eﬂte 15&}?11@ control

circuit,; second wi ring patterns connecting the | east” one pair of
ener gy ge&@bﬁtkﬁg gbeyernts to the main control CIrCUIt the driving nethod
conprising the steps of: driving the series circuit of the at |east one
pair of energy menerahitngletenentts cooecdiing &os¢heed iguauyiftopfl10

di scharging the liquid by the main control circuit; and varying the

bal ance oﬁh@netgyEQQMe¢Qﬂ|Rﬂ4rb@ﬁmé@ﬁIGheg%nerﬂtéagteéﬁ@e%%ﬁrtQﬁﬁ-energy

generating el enents_by the sub- control circuit, wherein_the flrst W ring
patterﬁ h®OWE WS HPRL hardtsweriving the at least one pair of ene

generating elements according to the timing for discharging
the liquid;
a sub-control circult connected to a cénnection
midpoint between the at least one pair of energy generating
10 elements, and varying the balance of energy generation
between the at least one pair of energy generating elements;
a first wiring pattern connecting the connection
midpoint to the sub-control circuit; and
second wiring patterns connecting the at least one pair
15 of energy generating elements to the main control circuit,
wherein the first wiring pattern has a width narrower

than the width of the second wiring pattern.

5. A driving method for a liguid discharging head
20 comprising a liquid chamber holding liquid; a nozzle
provided for the liquid chamber; at least one pair of energy
generating elements provided for the ligquid chamber, and
applying energy to the liquid held in the liquid chamber to
discharge the liguid from the nozzle; a main control circuit

25 connecting a series circuit of the at least one pair of



15 than the width of the second W ring pattern because the current
.neécessary for the sub-control circuit is snmaller than the current
necessary for the main control circuit.

10

15

energy generating elements to a power supply; a sub-control
circuit connected to a connection midpoint between the at
least one pair of energy generating elements; a first wiring
pattern connecting the connection midpoint to the sub-
control circuit; and secend wiring patterns connecting the
at least one pair of energy generating elements to the main
control circuit, the driving method comprising the steps of:

driving the series circuit of the at least one pair of
energy generating elements according to the timing for
discharging the liquid by the main control circuit; and

varying the balance of energy generation between the at
least one pair of energy generating elements by the sub-
control circuit,

wherein the first wiring pattern has a width narrower
than the width of the second wiring pattern because the
current necessary for the sub-control circuit is smaller

than the current necessary for the main control circuit.



