‘- *1 - DESCRI PTI ON LI QUI D DI SCHARA NG HEAD, LI QUI D DI SCHARG NG APPARATUS,

. AND DRI VI NG METHOD FOR LI QUI D DI SCHARG 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 |iquid
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,
apparatuses have been proposed such_ag inmage - produci ng apparatuses and

| i qui d di schargi ng apparatuses wusing color inmage production nethods such
as a thermal dye sublimation nethod; a thermal wax transfer method; an ink
20 jet nethod; an el ectro-photographic nmethod; and a thermal silver-salt
devel opment nethod. A Iiquid dis@ﬁ§9ﬁiﬁﬁnﬁbparatus usi ng the ink-jet method

nead, whi cHETS 1 HERGPRCENE gy i o Dibreb akds ettty Rl um o

forma dot. The appakaikHSuBAfoR O RI®UIDZDISCHARGTING HEAD

5 ' Background of Invention
Technical Field
The preseﬁt invention relates to a liquid discharging
head which discharges liquid in a liquid chamber from a
nozzle using energy such as thermal energy, a liguid
10 discharging apparatus having the liquid 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 color 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  Jjet method; an electro—photographic method; énd a thermal
silver-salt development method,
A liquid discharging apparatus using thé 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



structure and can produce a high quality image. In this ink-jet nethod, an
energy generating elenent applies energy to the ink in a |liquid chanber,
t hereby causing an ink drop to be discharged fromthe nozzle. The ink-jet
met hods are 5 classified according to the kind of energy generating

el enment into an electrostatic attraction type; a continuous- vibration
generating type (piezo type); and a thermal type. 1In the thermal type, a
heater element 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 ement generates bubbles in the inkan-the liquid chanber. The pressure
generated in the bubbles causes the ink to be discharged fromthe nozzle
onto the recording medium An apparatus using the thernal-type ink-jet

met hod ha l e 15 structure an t a color ima Aliquid
di schar gl uﬁgggguas%% T éDrOduﬁled dgé ﬁa?lg%ingncy aiL;I)nﬁgr at ug uglﬁn% t he

t her mal -ame hekﬂésﬂommp%&wm HEBLE UL Lo RO 905 3o ¢ Onduct or

substrat € wi rive citcuits oglc r|V|ng er 20

el ement sicoheateine! seNtiSiquidk ceAABBES Sth@fgiayﬂ%zi_sqslg kA _11'&18'@]:@55 der, as
di scl osed in Japanese Unexam ned Patent Application Publication No.

7-68759. tbi needi ehdwepidriroal elenhszale. | Mmragriatkedew mkthbés datwe circuits,
the heater elenents can be arranged at a high density. Therefore, 25
hi gh- 5es@ﬂaﬁﬁ@ﬁlpd|m%0@m%éwol§hal kéwd of energy generating

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

20 elements; heater elements; ink chambers; and nozzles, in
this order, as discleosed in Japanese Unexamined Patent
Application Publication No. 7-6875%. Since the heatér
elements are integrated with the drive circuits, the heater
elements can be arranged at a high density. Therefore,

25 high-resoclution prints can be obtained.



~ 3 +In nost of such liquid discharging heads, a head chip having the
. follow ng 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 girop is proposed. In the nethod, the
di scharging direction of the liquid drop is controlled by separately
driving a plurality of energy-generating elenments provided 15 for each
liquid chanmber. FIG 1 shows_the, | iquid dischar%igg head viewed from the
si de where t hE? st & U6 AoFREEad IR PP3%5n02 %% $5 8 ovi ded for

each i nk_chanber, 2. _F each i,nk .chanmber 2, ,t heat.er .el epents 3A and 3B
are prov#@gﬁngi58626°¥g9¥ﬁQﬁ3%H{HQH%ged%?e% ?%hmﬁ%mi i"€h *Ph&%¥ Ak chanbers 2

are aligned A5, sbown 1N FlEq %it8ng godkOf Lachef. the heater elenents

I Q
3A and 3B is connected to a commbn wring pattern 4. The heater elenents
3A and 3RBiameneqnaest £ daf ROWEHoSUBR! ¥hé Hiwsthe GoRRDBnW Eidg pattern

4. The other ends of
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 liquid discharging head can be
miniaturized. | |
Concerning such a liguid discharging head, as disclosed
iO in Japanese Unexamined Patent Abplication Publication No. 8-
48034, a method for controlling the discharging direction of
the ligquid drop 1s proposed. AIn the method, the discharging
direction of the liquid drop is controlled by separately
driving a plurality of energy—genérating elements provided
i5 for each liquid 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 3A and 3B are respectively




25 each of the heater elenents 3A and 3B are respectively - 4 connected to
. transistors 7A and 7B via wiring patterns 6A and 6B, respectively. The
heater el ements 3A and 3B are grounded via the transistors 7A and 7B,
respectively. The transistors 7A and 7B are separately switched on at a 5
predeterm ned timng according to the timng-control of a control circuit
9 to drive the heater elenents 3A and 3B, respectively. The currents | A
and I B flowi ng through the heater elenents 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 glenents 3A and 3B have about the
sane shapes and about the sane resistance values. The heater elenents 3A
and 3B are arranged about symmetrically with respect to the center line of
the nozzle 1. The liquid chanber 2 is about symetrical with respect 15 to
the m ddI€TPERECHet AP HS W8S P BrenbhtE-BA HIdI3B2t toRRA B2t her heater

I 3A 3B_is_driven, Lnk. d is disch d | e.
Concer ni A% B abb RS HeR ihod 166 HERLTE, S FHNTHE cASE B 88ach nozzl e 1
IS provi %%%u%%!ﬂ Lyo heatel, &l.ermnlts 7§Aan30§,2drt%§ye “é’ﬂ%?gt. herfigater

el ements "3A and 3B are aligned in a row, wh rive tircuits are

provi ded +@@ngR8tsi8e70fand s QW saBHrYhEl$ AMiddHed lb@wapakh is provided on
the other side thereof, however, the wiring pattern 4 or the wiring

5 predetermined timing according to the timing-control of a

_coﬁtrol circuit 2 to drive the heater elements 3A and 3B,

T

respectively. The currents IA and IB flowing through the
heater elements 3A and 3B, respectively, are contrelled
based on the determination of gate-voltage in the on-state
10 by the control circuit 2. 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 liigquid 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 ihk
drop is discharged at an angle.
Concerning the above-described structure, in the case
where each nozzle 1 is provided with two heaterrelements 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 tc the heater elements 3A and -

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



patterns 6A and 6B connected to the heater elenents 3A and 25 3B need to be
. bent. In this case, as shown in FIG 1, a - 5 drive circuit conposed of
the transistors 7A and 7B and the <control circuit 9 are provided on the
side of the wiring patterns 6A and 6B connecting the heater elenents 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
t hrough 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 1A or IB flowng through the individual wring
pattern 6A or 6B, respectively, flows through the common wiring pattern 4.
When the transistors 7A and 7B are both driven to drive both of the heater
el ements 3A and 3B, the current | A+IB flows through the comon w ring
pattern Ariys thiefeibreomBepacheicshvehtrphbttats dt @nd "Phandi 8% of this

connbn W ri n% ﬁattern,4dﬁeeds to he areat r than or egual .to the sum of
the widt FCBELPReCHRRMVT dl AT WA PNGpEt PBr e A of FESWUFRRSf t he
i ndi vidual_,wi_ring.pattern, 6B ' a r obl in_that e,Rozzl es
cannot b%ag\gregﬁae a%}“g (ﬂ? gc%’r?%%gﬁgi F?fssl?%%eoen%e%%\eﬁasi ggt ﬁ}égc?é%venti onal
structurey iche £hgn i 0t 4y Of7a REGCORMOR WAL LG, PALL ErRedchinh@Ss than the
sum of thg Wlhgth %? t%e i ndi vi dual w riérll% patte%l 6A gng t he
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-element pairs. In this way, the drive circuit and

the wiring patterns 4, 6A, 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 patterh 4, When the transistors 72 and 7B are
hoth 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 6A and the
width of the individual wiring pattern 6B, wire breakage

. occurs due to electromigration.

25



width of the individual wiring pattern 6B, wire breakage occurs due to
electromgration. 25 6 Disclosure of Invention Enbodi nents of the present
invention provide a liquid discharging head, a |liquid discharging
apparatus, and a driving nethod for the liquid discharging head capabl e of
| ayi ng out drive circuits and so on efficiently so as to arrange nozzl es
in a high density, in the case where a plurality of energy generating

el enents. are driven to control the difection in which the drop is

di scharged. According to a first aspect of the invention, there is
provided a |iquid dischargi ng head coapii sing: at |east one |iquid chanber
hol ding liquid; a nozzle provided for each |iquid chanber; at |east one

pair of energy generating elenents provided for each liquid chanber, and
applying energy to the liquid.held_in th | iqujd chanber to discharge the
liquid fromthe nozzle; a ngFﬁcégﬁnglOgiggﬁngbﬁﬁnecting a series circuit
of the at | easgnQne Ra fe ener enerating elenents to a power supply,
and driving thef%p |§§§#ﬁb%g'ggfr%éF%8H rb?vegEhﬁ?aPFﬁbl%ﬁenents accor di ng
" to the tinihg ¥oruidl schHaapianginghehkihgyi da alsghigontrol circuit connected

to a connection _ '
: discharging apparatus, and a driving method for the liguid
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 plufality of energy generating elements

are driven to control the direction in which the drop is

discharged.

According to a first aspect of the invention, there
is provided a liquid discharging head comprising:
at least one 1liquid chamber holding 1liquid; a

nozzle provided for each liquid chamber; at least one pair
of energy generating elements provided for each ligquid
chamber, and applying energy to the liquid held in the
liquidrchamber 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
generating elements according tp the timing for discharging
the ligquid; a sub-control circuit connected to a connection
ﬁidpoiﬁt 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 midpoint to

v
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m dpoi nt between the at |east one pair of energy generating elenents, and
varyi ng the bal ance of energy generation between the at |east -one pair of
energy generating elenents; a first wiring pattern connecting the
connection mdpoint to 7 the sub-control circuit; and second wring
patterns connecting the at |east one pair of energy generating elenments
to the main control circuit, wherein the first wring pattern has a width
narrower than the width of the second”wi ring pattern. According to

enbodi nents of the present invention, when the at |east one pair of energy
generating elenents are driven, the driv;ng by the sub-control circuit may

need a small current ‘conpared with the driving by the main control citcuit
which nmay need a large current. Therefore, the first wiring pattern can be
formed in a,parrow width conpared with the second wring patterns. In the
case where & SIﬁ?ﬁ%???tEﬁléﬁéF@&t?géﬁ@ré@¢¢mﬁewxrmmg$nmm¢rbe driven to

control the_dj ion i,n which the drop nmay_ be discharged, drive circuits
and so on can E%§E%%?ddgﬁfnéﬂfﬁéﬁeﬁP?yp%bra%ft%ﬁ%ﬁgwaﬁg@erhéin@zzles in a

hi gh densit ¥1ehcees d NGO ,2;56e6a0 pect of the inyvention, there is

provided a Iiquid dischafbﬁ%éﬁaggggagﬁ§”ﬁ§VPﬁb &PeEguRdthel £brdr gi ng head,

the. |1 Qu O L0010 HeAd-COMDLAEA e B d PR3LOBFe LSS SRS ol O ng
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second wiring pattern.
According to embodiments of the present invention, when the at least
one pair of energy generating elements are driven, the
driving by the sub-control circuit may need a small current
compared with the driving by the main control circuit which may

need a large current. Therefore, the first wiring pattern

can be formed in a narrow width compared with the second
Wiring patterns. In the case where a plurality of energy
generating elements may be driven to control the direction in

which the drop may be discharged, drive circuits and so on can
be laid out efficiently so as to arrange the nozzles in a

high density.

According to a second aspect of the invention, there is

provided a liquid discharging apparatus having a liquid

discharging head, the liqui§ discharging head comprising:
at least one liquid_chamber holding liguid;
4 nozzle provided for each liquid chamber;
at least one pair of energy generating elements

provided for each liquid chamber, and applying energy torthe




a nozzle provided for each liquid chanber; at |east one pair of energy
generating elenents provided for each liquid chanber, and appl yi ng energy
"to the 7a- liquid held in the liquid chanber to discharge the liquid from
the nozzle; a main control circuit conn@sting a series circuit of 111 the
at | east one pair of energy generating elenments to a power supply, and
driving the at |east one pair of energy generating elenents according to
the timng for discharging the liquid;y a sub-control circuit connected to

a connect | boquf dpeidts bekueenalbe ahahsast.one palt of enet gy generating

el ements, and varying the bal ance of energy gernéerati “he at

| east one padmn dfe enerdy;generating elenents; a first wiring pattern °
connecting the connection midpoint to the sub-control circuit; and second
Wi ring patterns @énnecoibigpl heimtuiteasinrene ipai b sof i &Hes WY genesati ng

el ements tq the main control circuit, wherein the first wiring pattern has
a w dt h nar'tover *9945&n oPRePai bt $if ofne ey sponthuiing Bepahtervo According to

a third aspget g§ he grﬁs nt .invention, there is provided a driving
method for a i qurdYdi SRRaFgiHghedte @dnpeasitngneapsiguitl «hmamser hol di ng

l'i qui d; ag&%@%ﬁ%iﬂ@o¥i£%§hgé"aéé&%dﬂﬁ?“é% %%%nggﬁingtfor discharging
the liquid;

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
midpoint to the sub-control circuit; and

second wiéing 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.

‘According to a third aspect, of the present

| invention, there is provided a driving method for a
liquid discharging head comprising: a ligquid éhambe?
‘holding liquid; a nozzle provided for the liquid chamber; at
least one pair of energy generating elements provided for
the-liquid chamber, and appiying 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; a sub-control circuit connected to a




| east one pair of energy generating elenments provided for the liquid
chanber, and applying energy to the liquid held in the liquid chanber to
di scharge the liquid fromthe nozzle; a main control circuit connecting a
series circuit of the at |east one pair of energy generating elenents to a
power supply; a sub-control circuit connected to a 8 connection m dpoint
between the at | east one pair of energy generating elenents; a first

W ring pattern connecting the connection mdpoint to the sub-control
circuit; and second wring patterns connecting the at |east one pair of
energy generating elenments to the main control circuit, the driving

nmet hod i ncluding the steps of: driving the series CIrCUIt of the at |east
one pair of energy generating el enments according to the timng for

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

bal ance of efergytigemidarion between tive st leeast onreppair o6f ewaengy
generating elenents by the sub-control circuit. The first wring pattern
has a w dt hIRBPFdWEN tHERenke ; wedEhrot whelnspesndrni chngepaiterthdecause
t he current necessa})f%lml r the sub- control circuit is_smaller than the

P RE™ i R bR rgiP GIEdPL. CERCEAR’ care heane a

current necesSsary
Girection (h unE R RE R ob oMo aP LR oL deros PPCRPLe ShPRFBh can be
"laid out generating elements to the main control cirecnit, the driving
methed 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 5alance of energy
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 is smaller than the current necessary
for the main control circuit.
In the case where a plurality of energy generating
elements may driven to control the direction in which the
drop ié discharged, drive circuits and so on can be laid out

efficiently so as to arrange the nozzles in a high density.

rief Descripfion of the Drawings
FIG. 1 is a plan view showing a layout when a plurality
"of heater elements are arrangea.
FIG. 2 is a'connection diagram in the case where the

heater elements according to the structure in FIG. 1 are




efficiently so as to arrange the nozzles in a high density. Brief
Description of the Drawings FIG 1 is a plan view show ng a | ayout when a
plurality of heater elements are arranged. FIG 2 is a connection diagram
in the case where the heater elenents according to the structure in FIG 1
are 9 driven separately. FIG 3 is a plan view showi ng 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 5 is a plan view showing the structure of the printer head.
FIGS. 6(A) and 6(B) are a plan view apd a sectional view, respectively,
showi ng an ink chanber. 10 FIG 7 is a schematic di agram expl aining the
drive control in the printer head of FIG 3. FIGS. 8(A), 8(B), and 8(C
are sectional views taken along lines A-A, B-B, and CC, respectively, in
FIG 7(ATIVEPGSeBaratal¥onnection diagram showing a main control 15
ontrol_.circuit. is a_plan view showi ng a

circuit and é’bf i FIG 10 i (
specific Iaygﬂf of° tie 2 KeER CAPP FROEINE BRrigedt avBEeN e *efdying Qut the
InVentro%ccording to an embodiment of the present invention.
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
CZJ 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
contrel in the printer head of FIG. 3.
FIGS. 8(A), 8(B), and 8(C) are sectional views taken
along lines A-A, B-B, and C-C, respectively, in FIG. 7(Aa).
FIG. 9 is a connection diagram showing a main control
15 circuit and a sub-control circuit.

FIG. 10 is a plan view showing a 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.
{1} 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




20 The enbodi nents of the present invention will now be described with

- reference to the drawings. (1) Structure of Enbodiment FIG 3 is a plan
view showing a printer head used in a printer according to this

enbodi nent. This printer head 11 25 is a line head. An ink flow path 12
connected to an ink 10 tank is formed of a predeterm ned menber so as to
extend across the width 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 discharging 5 mechanisns. The head chip 13 is fornmed in a
rectangul ar-solid shape. Along its h%ngjtudinal face, nozzles 14 are:
formed at a fixed nozzle pitch. The i'nk 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 noZAr& piSt ERTPACL Pk 2 AGagiskenmpisedeneibar ofo tdfe troexitendl4, even

bet ween t he head chlgs 13 adjacent to each other. The printer head 11 can

print a FESPPEd PRalftoty o iIRARSY Fﬁeaﬁeaﬁj%Fﬁrﬁf:E?%%fﬁ&ﬁﬁedﬁﬁgeﬁg{?ss EEE
ﬁ%gireogﬁﬁgﬁe?gggé?rééeéﬂg q%fél%%e%gaﬁgfggr%%ggﬁgggmiﬁ3 %&Fting ofyihe
head chipgalder¥ali agion ndhd RRiPO33! §201 LChoy of ink discharging
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. 1In 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 a 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
noezzle 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. In 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




becones Iarge at the joint between the head chips 13 20 adjacent to each
. other. In this enbodinent, controlling the direction in which the ink drop
is discharged fromthe head chip 13 makes it possible to conpensate 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 with a separating wall 18 so as
to formink chanbers 17, and thereafter .providing a nozzle plate 20. On
t he sem conductor substrate 16, drive circuits driving heater el enents 15A
and 15B are 5 provided. In the nozzl q,pl,ate 20, the nozzles 14 are forned.
In the head chip 13, as shown in FIG 5, the heater elenents 15A and 15B
are aligned along the |ongitudinal face facing the ink flow path 12. In
t he region alon%gthls face, a heater elenent section is thus forned. In

addi t i on PHYORLTE fhfenheendictareshetsatei o6 W%Fﬁrﬁ3%§§§6§¢ﬂ§g;ace ﬁ drive
d t | t d t

Craor || e, 98, B0ced, *?%n Sl SRR Rs T 7ol 4 et Rry (the. hoat o

el ements p%lém? 128, Targed. | R, the connect iy %tto?r %Bglcréggt I on,

connecting 15 termnals co necting the driver cirtcuit Wer supply
and so oner arakEangedui dd'&id itk ng nkheeknk1 oyt Patdh 124 &55369:&0 the ink

5 provided. 1In the nozzle plate 20, the nozzles 14 are formed.
In the head chip 13, as shown in FIG. 5, the heater elements
( 154 and 15B 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, fiom
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 15R are
arranged. In the connecting terminal section, connecting
15 terminals connecting the driver circuits to a powér 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
15A and 15B. The drive circuits are provided across the row
20 of the heater elements 15A and 15B from the ink flow path 12.
Thus, in the head chip 13, the heater elements 15A and 15R,
the drive circuits, and so on are laid out efficiently. The
head chips 13 are manufactured efficiently by providing or
forming the drive circuits, the heater elements, and the ink

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



chanmbers 17 fromthe face adjacent to the heater elenents 15A and 15.B.
The drive circuits are provided across the row 20 of the heater el enents
15A and 15B fromthe ink flow path 12. Thus, in the head chip 13, the
heater el ements 15A and 15B, the drive circuits, and so on are |laid out
efficiently. The head chips 13 are manufactured efficiently by providing
or formng the drive circuits, the heater elenents, and the ink 25
chanbers for a plurality of chips on a sem conductor wafer, 12 thereafter
cutting the sem conductor wafer into a plurality of chips, and then
attaching a nozzle plate 20 to each G ip. As showmn in FIG 6(A), a plan
view, and FIG 6(B), a sectional vieWw, each |iquid chanber 17 is provided
with a 5 pair of heater elenents 15A and 15B. The pair of heater elenents
15A and 15B have about the same shapes and about the sanme resistance

val ues, &R@irerEter raHgdassitde §?mEF§@d¢¢¢0#fﬂ?ﬁﬁrré@ﬁpoﬁ PhunalE®Ythe liquid
chanbers 17 are aligned. FIG 6(A) is a plan viewwth the nozzle plate 20

r enoved. Ofocﬁﬁ%sprQQﬁeﬁheﬁeé&tifhéaﬂ 2OMFOIE HELG PEcEPOREFR WHIRN the ink

drop is discharged by co the dr|V|n of th he r el enents 15A
and 15B, mhlg% ?% energgE% é ﬁgl glenengé ap%lglng %ﬁ%ﬂgf to the ink

in the '@5c§g§H$fﬁn%? F%@h Zlﬁalg SEEHE§§PPP1%'ﬁgEQQHSép&ftﬁhﬁg the
principle of controll ing t riving of the heater el enents 15A and
15B. 4 n pherheptheidr BlemeRtkhessi gied of 58 he 1HeK galiewopahBater
elements 15A 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.
FIG. 6(A) is a plan view with the nozzle plate 20 removed.
10 The printer head 11 can control the direction in which the
ink drop is discharged by controlling 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. 1In 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 eleﬁents 15A and 15B is forméd. In addition, on the
20 opposite side of the heater elements 154 and 15B from the
ink flow path 12, the heater elements 15A and 15B are
connected to wiring patterns 222 and 22B, respectively. The
wiring patterns 22A and 22B are connected to the main
control circuit 27. The main control circult 27 is a drive

25  circuit driving the series circuit of the heater elements



12, the heater elenents 15A and 15B are connected by a wring pattern 22,
and thereby a series circuit of the heater elenents 15A and 15B is forned.
In addition, on the 20 opposite side of the heater elenments 15A and 15B
fromthe ink flow path 12, the heater elenents i5A and 15B are connected
to wiring patterns 22A and 22B, respectively. The wring 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 el enents
- 131 15A and 15B in the timng for discharging the ink drop. The main
control circuit 27 connects the serigg circuit of the heater elenments 15A
and 15B to the power supply 25 via a switching circuit 24. 5 Mreover, in
the head chip 13, the connection mdpoint between the heater el enments 15A
and 15B connected by the wring pattern 22 i.s connected,to th%jsub-control
circuit 332 angcdoriilfy W6 tHBIRA r i%‘r?qhﬁr\%i’ri“@htﬂﬁe”?]ﬁkdmpo'p is'®

di scharged, the suh-cantrol ghrcuit 1 %ﬁﬁge%rggg 8grreQE§%§ plied by
the mai M2HMtTRETGT ST THEHedt 7' S%enment STISA and- 158, That is to
say, accprdin icheGl L oc 4 i ' i P2 Sy sghar ged, the
sub- con ?%#elgiér%d%e{h 1‘155\,1\&” %%%625%%%%; %{‘&%5 EEPgE?O%SZ‘é%\mS%Ch i's
connect ed, t O NGy VA4 NG Palgtern 22, thereby varying the 15 bal ance between

t he energi es generated by the heater
5 Moreover, in the head chip 13, the connection midpoint

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 152 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 balance between the energies generated by the heater
elements - 15A and 15B. Such a bélahce control can be
performed by switching between inflow and outflow of the
current into and out of the connection midpoint between the
heater elements 152 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



el ements 15A and 15B. Such a bal ance control can be perfornmed by sw tching

between inflow and outflow of the current into and out of the connection
m dpoi nt between the heater elenents 15A and 15B, and by varying the val ue
of 20 inflow or outflow of current. This can al so be perforned by varying
the electric potential of the connection mdpoint. In FIG 7, such a
mechani smto vary the electric potential or the current is conposed of the
sel ector 28, a power supply 29, and resistors 30Ato 30D. That is to say,
when 25 the resistor 30A or 30B connected to the power supply 29 is 14

sel ected, the selector 28 allows t_ﬁhemiu_rrent to flowinto the connection
m dpoi nt between the heater el enents 15A and 15B. The current is

determ ned by the resistance values of the heater elenents 15A and 15B,
the resistance value of the 5 resistor 30A or 30B, and the voltage of the
power supplectzsl, thkeseldeteombctl towswihehchbrenthgd SleonAaseed is

sel ected, the selector 28 stops varying the bal ance between the energies
gener at e"eh“—bfct%%&Pe?‘léP%%%t%ethaﬁglelgB?t%eﬁlelﬁfét%rl&%nd’é’éli resi stor

30C or 301%1i s.gelected the sel ector 28 al | ows_t he current taq fl ow out
of the chifrec i FABEnTS SELUBER Th&onehEer SBT SUNTS atadT158, The
curr S b P TRl S R U Pl S egh B et s 154
5 resistor 30A or 30B, and the voltage of the power supply 29.
When the contact to which nothing is connected is selected,
the selector 28 étops varying the balance between the
energies generated by the heater elements 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 midpoint
between the heater elements 15A and 15B. The current is
determined by the resistance values of the heater elements
158 and 15B and the resistance value 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 22A 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 3A and 3B are 50 [Q] each, and when the

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




15 Conpared with the driving by the main control circuit 27, which needs a
llarge current, the driving by the sub- ,.. control circuit 31 only needs a
small current. Therefore, a wring pattern 22C connecting the heater

el ements 15A and 15B to the sub-control circuit 31 can be narrow conpared
20 with the wiring pattern 22A or 22B provided for the heater elenents 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 3A
and 3B are 50 [S2] each, and when the 25 heater elenents 3A and 3B are
driven by an electric power of - 15 .5 [W each, a current of 0.2 [A]

fl ows through the conmmon wring pat} rn 4. In thls case, when the conmon
wiring pattern 4 has a thickness of 600 [nm, and when the wiring pattern
4 has a width of 15 [dun] for a current of 0.1 [A] 5 for sake of safety,
the wirifegd ptl edashs sectsranii dfh0eo? BO fufws [Chraddit blom, camieomni ri ng
patterns 6A and 6B each need a wdth of 15 % Therefore, the nozzle

pi tch |sWBEPT9ﬂPa§§ﬁ§ﬁ ﬂhenlﬁotﬁéﬁ ?%s?ﬂ(ﬂHQHe hBeFRE%ﬂ“tW%?%MQW ng patterns.

In fact, nce P, | t royi ded, % 0d'9%%1,€ plhc 3 ngﬂ wi der. The
nozzl 6 pPEEHECarhdrng FELEFPRER B §qu3ﬁzm& 854 PR T TR  hand,
accordi nlgaEQeélb% %arsu%t %18tﬁh8¥_‘“15” for a current of 0.1 [A]
5 for sake of safety, the wiring pattern 4 needs a width of 30
[pm]} . In addition, the wiring patterns 6A and 6B each need
a width of 15 [Mm]. Therefore, the nozzle pitch is €0 [um]
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 15A and 15B are each driven
by an eléctric 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 wvalues of the heater
elements 15A and 15B are different, the directicn 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 22A 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



FIG 7, when the heater el enents 15A and 15B are each driven
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elements 15A and 15B have a resistance value of 105 [{2] each.

by an

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
val ues of the heater elenments 15A and 15B are different, the direction in

he ink drop is discharged can be sufficiently angled by causing

e currents of the heater elenents 15A and 20 15B to differ

ent. Therefore, the wwdth of the wiring pattern 22C needs to be

by about

enth part of that of the wiring pattern 22A or 22B. For exanpl e,
heater el ements 15A and 15B.are driven by electric powers of

0.4 [W, respectively, the cuPrent flowing 25 through the wiring

0.5

22A and 22B and the current 16 flow ng through the mnrlng pattern
0.1 [A] and 0.089 [A], respecti velzy FI GS. 8(A), and 8(C
ifépulnyi ehweoudkdhe alixnggl Patkem K2BBe &nd AC, alii e%&si vely, of

In 5 the head chip 13, the width of the wiring pattern 22C i s
tlBht nNTBEPEC I Ve hiat of the mnrlng pattern 22A or 22B. |In addition

h
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I cl ent space | tal ne
the head chip 13, the width of the wiring pattern 22C is

about a tenth part of that of the wiring pattern 224 or 22B.
In addition, the wiring-pattern 22C is disposed in the same
layer as the wiring patterns 22A and 22B, and in the gap
between the shown heater element 15B and the heater element
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

interilayer insulating films of silicon nitride, and the

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] by sputtering,
and thereafter forming the heater elements 15A and 15B with

predetermined shapes by lithography and etching. The heater

In this embodiment, the heater elements 15A and 15B are

driven by\an electric power of 0.8 [W] to discharge the ink

" dreoep. The sub-control circuit 31 causes a current of up to

25

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

SO



that-the nozzle pitch of the head chip 13 is 42.3 [n]. In FIG 7, the
reference nunerals 41, 42, and 43 denote interlayer insulating filns of
silicon nitride, and the 15 reference nuneral 44 denotes a
cavitation-resistant layer of a tantalumfilm In this enbodi nent, the
head chip 13 is made by formng a tantalumfilmwth.a thickness of. 80
[nm by sputtering, and thereafter formng the heater el enents 15A and 15B
wi th 20 predeterm ned shapes by |ithography and etching. The heater

el ements 15A and 15B have a resistance value of 105 [52] each. In this
enbodi ment, the heater elenents 15A ggd_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 og@vaingnthenbeatenislameadist 18A, and 1He sl Mfivar ént hBehsat er

el enents 15A and 15B are not caused to differ in their 5 operation, a
current &PSHaB8?PRFA] flows through each of the heater el enents 15A and

15B. Therefor the width of., each ,of the wirin atferns 22A and 22B i s
set to 15 | pritddna ity GoRoeEioRe W g Solid aMRBothE Gl AN 2 L 0 s

[SBfeTlci ffc%-l%énké] 1580204 188 )arel Qo GaudeliStd SPAASCHIOR KL R9r am show ng
5 operation, a current of 0.087 [A] flows through each of the
heater elements 154 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 [Hm] (15 [pm]
x 0.087 [A] / 0.01 [A]).

10 - FIG. 9 is a connection diagram showing specific
structures of the main contrﬁl circuit 27 and the sub-
control circuit 31. The main control circuit 27 will bé
described. One end of the series circuit of the heater
‘elements 15A 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 a predetermined control signal

' 3C1 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
15A and 15B is driven by the power supply 50.

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



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 elenments 15A 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 a predeterm ned control signal SC via an AND circuit 52
which is an inverter circuit. The S|gnal | evel of the control signal SCl
is raised by an 20 i nage-data processing circuit (not shown) in timngs
when ink drops are discharged accorgéng to paper feed fromthe nozzle 14
to which the main control circuit 27°Ys allotted. |In these timngs, the
series circuit of the heater elenents 15A and 15B is driven by the power
supply 50. 25 The sub-control circuit 31 is conposed of power supply - 18
circuit scb5M1i658;5585C,58an8565Danki ThD causeh aamsedet pradeeermiraddie of
current to flowinto or out of the connection mdpoint between the heater
elenentsvigwﬁa%@ qQeRerthé&o slepotttercnfowtalafedhef copaeetik¢ent caused to

Lo L1t 8o B2 Slocks SORDEELL O 1L9ROL W DY, L over, suppl y o1 cul i
S TR e ol S R
55C, ANdo@Pbf the connection midpoint 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 toc control signals SA, SB, SC, and 8D,

the power supply circuits 55A, 55B, 55C, and 55D,

10 respectively, cause the heater elements 152 and 15B to
differ in their operation based on the above values of
current. Other than the above, the power supply circuits
55A, 55B, 55C, and 55D have the same structure. Therefore,
the power supply circuits 552 alcone will be described in

15 detail. |

In this embodiment, the proportion of curient values of
the power supply circuits 55A, 55B, 55C, and 55D is set to
4:2:2:1. Between the power supply circuits 554, 55E, and
55C, the current value varies gradually in the manner of a

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

In this embodiment, the control signals SA, SB, SC, and
8D are determined so that the ink drops discharged from the

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




10 respectively, cause the heater elenents 15A and 15B to differ in their
operation based on the above values of <current. Qther than the above, the
power supply circuits 55A, 55B, 55C, and 55D have the sane structure.
Therefore, the power supply circuits 55A alone will be described in 15
detail. In this enbodi nent, the proportion of current values of the power
supply circuits 55A, 55B, 55C, and 55D is set to 4:2:2:1. Between the
power supply circuits 55A, 55B, and 55C, the current val ue varies
gradually in the manner of a 20 factorial of twd. Therefore, this

enbodi nrent as a whole has a sinple %rycture, and the heater elenents 15A
and 15B are <caused to differ in thei't operation efficiently. In this
enbodi ment, the control signals SA, SB, SC, and SD are determ ned so that
the ink drops discharged fromthe 25 nozzles 14 are in a predeterm ned
pitch. THhPE Bbapaisiattdenion the pheivien af dhei Ankhdopodie iton of the ink
dot due to npanufacturing variations such as an error in fitting of the
head chi BPYRCHKENG Jrg lathan§uarFR 2D faptFOrng™r 85EFERI 9% Wakch hi gher

than th f t.h ' I [ head.. 5 A di Ii it chi I. I
SC3 ‘swi t ERES TulRiban -« nANSEAFPERt 1T 1900 e ROELE B BRI i nt o and

out of the pcop '(%/I'ie N ALAPCLAE BEIVELTLANRANGBIET L LIPN S,dnft and 158,
In the power supp circult , the direction swtching :
5 A direction switching signal SC3 switches between 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 swiféhing
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
contrel 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 631 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 SCl, and

20 output them to the MOSFETs 62 and 63, respectively. While
the heater elements 15A 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 circuit 55A, the constant current




signal SC3 is input into an exclusive NOR circuit 57. 10 According to the
direction switching signal SC3, the exclusive NOR circuit 57 swtches 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 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 SCI, gnd 20 output themto the MOSFETs 62
and 63, respectively. Wiile the héaf8r el ements 15A and 15B are driven
according to the control signal SCl, the MOSFETs 62 and 63 are on/off-
controlled conplenentarily according to the direction swtching signal SC3
and the cdmcpok S8grati@Aim MOSEFRE, poawern Suffrigendinoddietl 55A, the const ant
current - 20 circuit 58, which is a MOSFET, is on/off-controlled
accor di nGCFerehRg cont it @l SEgned Eadske M sfedber heakerent s 15A and
cause. | n the power supply

15B to differ in ei r operation.qor. not t
i routt s SSERERES shok TG S S EESH GF RS rebaPPeRE. RO Eauol nY ¢ he
et B O A AR EEhe " T B S e
5 proportion 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 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 conneétion 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 consfant current to
flow intc the connection midpoint 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.SC1, 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 circuit 58, which is the standard of

operaticon, operates according to the contrel signal S8C2. 1In

25 order-to cause the heater elements 15A and 158 to differ in




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 dpoi nt between the heater elenents 15A and 15B. The drain of
the MOSFET 63 is connected to a current mrror circuit consisting of
MOSFETs 64 and 65 provided on the power supply side. The MOSFET 65 15 of
this current mrror circuit causes a constant current to flowinto the
connection m dpoi nt between the heater elenents 15A and 15B. Thi s const ant
current has the sane current value as that of the constant current circuit
58. Wiile the heater elenents 15A_a%g 15B are driven according 20 to the
control signal SC , the MOSFETs 62 a 63 are on/off- controlled
conplenmentarily according to the direction swtching signal SC3 and the
control signal SA. The constant current circuit 58, which is the standard
of oper &heom, coperhien, avear diegctorent Ebems clutsiofngheSC2. In 25 order to
cause the heater elenments i5A and 15B to differ_in 21 their _operation,
when t he COHPPERLOR| BIEP SR L oftheh¥OSEBRNEEt F DR Iisicher tRe2MEBEET 62 s
switched on to allow the constanthggr nt_circuit 58 to absorfph the

h

current. TOff CPREOPheT™ Heit: SAf&H™ cbir r o iNE6*Phe cdfnection 5
o SRR P R PO QT R A e
5 midpoint, the MOSFET 63 is switched on to aliow the constant
current circuit 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 control 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 1352 and
15 15B for each liguid chamber 17. 1In each unit, the wiring
pattern 22, the wiring pattern 22C, the heater elements 15A
and 15B, and the wiring patterm 224 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 15B,
- respectively, to the main control circuit 27. In the
adjacent region AR1, the MOSFET 51 of the main control

25 ci;cuit 27,'and the MOSFETs 62 to 65 of the sub-control



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 circuit 31. 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 the heater elenents 15A and 15 15B for each liquid chanber 17. In
each unit, the wiring pattern 22, the wiring pattern 22C, the heater
el ements 15A and 15B, and the mﬁan% pattern 22A and 22B are arranged in
this order fromthe side of the ink Fom/path. The wiring pattern 22
connects the heater elenents 15A and 15B in 20 series. The wiring pattern
22C connects this wiring pattern 22 to the sub-control circuit 31. The
W ring patitepas 22fAerari2zBesonndot thhendrhtrggicne ABAL s thsAchher 158,
respectively, to the main control circuit 27. In the adjacent region ARL,
t he NCSFEPNBPHBPt%rﬁﬁrﬁHQ1%ﬂhﬂHQ§¢r2$ Eirewit %ﬂ?alﬁnélﬁﬁésﬁESFE¢% 62 to 65
di sposed. In th Eeglon AR2, the

of the s % ol circuit are e.n
ot her %gﬁ Ee%fn?ﬁﬁe%ﬁﬁ}Q?o ol “BFre %rszﬁﬁ9€e&|§p8 ea In the
further nexty CSQJCP&%CL{J{G Qt.Ber, 88HPP ”élsr Sntﬁgiﬂ 8 ntrol circuit,

and a control "¢ifecurt contrdlling 5 oper ion o e marn troI circuit
and the gpbrg@RbAObE the main control circuit and the sub-control
circuit are disposed. 1In this way, the drive circuits for
the heater elements 15A and 15B are disposed in the regions
_ARl to AR3.
{2} Qperation 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 is variation in the
20 nozzle pitch due to variation in the arrangement of the head
chips 13, 1In 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 tco the paper varies on a minute scale. This causes

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



circuit are disposed. In this way, the drive circuits for the heater

el ements 15A and 15B are disposed in the regions ARl to AR3. (2) Operation
of Enbodinment 10 In this printer having the above structure, based on

i mge 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 nechanism The ink drops adhere to the paper being conveyed. In
this way, an 15 inmage, a text, and so on are printed according to the
operation of the printer 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 reéRani sns. There is variation in the 20
nozzl e pitch due to variation in the arrangenent of the head chips 13. In
addition, there is variation in the characteristics of the head chip 13.
Ther ef or easehevepbseal ohimdsthe ink drop discharged fromthe nozzle 14 and
adhering to the paper varies on a mnute scale. This causes 25

det eri orati orfe%¥F¥aie difalthey PEERERF MCCQnfinion tan thgt PERBEDB  case, verti cal

| i nes. However, in the printer according tot ent invention, the
p05|t|onl%H8PEl?ﬂe ??&‘é§§ﬁ§déﬁhgﬁ8§et5 %hﬁl ﬁgﬁﬁfal SE6Fr ERtBRF by tuni ng
the dlre%gbgg 18 g@f%ﬁbéggabyl%unlng the direction in which the ink
5 drop is discharged from the nozzle 14, 1In this way,
deterioration in the quality of print is prevented
efficiently. The ink drop is discharged by a so-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 15A and
20 15B to cause the heater elements 15A and 15B to differ in
their operation. 'The current value of the inflow or the
outflow 1s set to a tenth part at a maximum of the currént
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,




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 thermal type nmethod by driving a plurality of heater elenents
15A and 15B provided for each ink chanber 17. The 10 plurality of heater

el ements are caused to differ in their operation. In this way, the
direction in which the ink drop is discharged fromthe nozzle 14 is tuned
(FIGS. 4 and 7). In the printer of the present invention, the nmain control
circuit 27 connects the series circuit of the heater 15 elenments 15A and
15B to the power supply 25 in a predgternined timng to drive and operate
the heater elements 15A and 15B. At “fhis time, the sub-control circuit 31
causes an inflow or an outflow of current into or out of the connection

m dpoi nt between the heater elenents 15A and 20 15B to cause the heater

el enent s TS Awaning SBatioemi 22€r connethei theparkatdomtroTheiecmientl val ue of .
the inflow or the outflowis set to a tenth part at a maxi num of the
current 2B8nkRe nFARRedlEl i dPOADE dbetvedui tho heatihs wldneénos 1% wiring

pattern 22 n be set to about 25 a tenth part of the width of the wiring
pattern ?E& £$B22§h%4"’lr‘llﬁ‘€ WAFFRETDat triP D 2C: GRRBEFE FhR BH! cont r ol

circuit %%ﬁt?@f épgcggn %%on nigggint betmeqp(ﬁ? Qe tegeglenents 15A
and 15B. “TRE" W rFhg  Pat ter s 298 and D28 et %8 n&?"ﬁ

5  elements 15A and 15B. 1In the printer of the present '
invention, even when the wiring pattern 22C is bent toward
the wiring patterns 22A 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
resolution,

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
by‘side in the direction of the row of the nozzles 14,
supplying ink from one side of thé row of the nozzles, and
disposing the main control 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 isg
not limited to this. The heater elements may be made of
various resistor materials such as tungsten, nichrome,

25 -nickel, polysilicon, and titanium nitride.



control circuit 27 to the series circuit of the heater 5 elenents 15A and
~15B. In the printer of the present invention, even when the wiring pattern
22C is bent toward the wiring patterns 22A and 22B and when the wiring
pattern 22C is disposed in the sane |ayer as the wiring patterns 22A and
22B, the nozzle pitch can be very small conpared with 10 the structure
descri bed above with reference to FIG 1, and therefore a desired i mge
can be printed at a high resolution. In addition, the heater el enents and
the drive circuits can be laid out efficiently by arranging the nozzles at
a 15 small pitch, arranging the heater el enents 15A and 15B side by side
in the direction of the row of the n@ z[les 14, supplying ink fromone side
of the row of the nozzles, and disposing the main control circuits and the
sub-control circuits on the other side of the row of the nozzles. 20 (3)
O her Enbodi nkhtlouith Héggheaher heberenisd eientdsiver omdemwded tdin fil m of
tantalumin the above enbodi nent, the present inventionis not limted to
this. ThéifggreinetbpbhtaParmFipe ﬁﬁd@uéﬁent/aimor@s ipeshet@poviat eri al s such

as tungste nichro 25 ni ckel. siljcon, and titaniumnitride. 25
At hough “TRESRBATEr CibRAREE i L RRRGAAR oF s QaPE 6eAaFP T BRLF ¢ hel
OperatiO&hgyhggEégnéléHénts %gytgg grlven or caused to differ in

5 their operation by 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. 1In this case, the plurality of heater elements

10 are arranged side by side and connected in sefies. Fach
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 arrahged 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-control circuit. Alternatively, all of
the heater elements are connected in the center. The

25 plurality of heater elements are driven by a phase feed




enbodi ment, the present invention is not limted to this. The heater

el ements may be driven or caused to differ in 5 their operation by voltage
drive. Although two heater elenents are provided for an ink chanber in the
above enbodi nent, the present inventionis not linted to this. Three or
nore heater elements may be provided. In this case, the plurality of
heater elenments 10 are arranged side by side and connected in series. Each
connection m dpoi nt between the heater elenments is connected to the
sub-control circuit. The heater elements 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 eneft s are arranged side by side in the
above enbodi nent, the present invention is not |imted to this. The heater
el ements may be arranged in a radial pattern so that the ink drop is

di schar getihwdvaypdiseddby extimnrmlllen Yhtsneaseort.he Thenkennettheat er
elements is 20 set to an even nunber. Each pair of heater elenents _

di sposed wsppes tie cavheotdrkrtd ssheommbcredtial seikfams.t .Each connection

m dpoi nt hetween the pair of heater elenments is connected to the

sub- cont FiteEPREGTELY A ERESRMAR D C8MP1BEY- t he heater el ements are

comected |1 1enGE e JaReER,BhAEALS ] 1SS lacl BTRRL 2 s v By
ConnegtLQQtegrated 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 variation in the position where the ink drop adheres on the
paper in the above embodiment, the present invention is not
limited to this. Thelcontrolling of the direction in which
the ink drop is discharged may be usedlfor 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.

Although the present invention is épplied 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 priﬁter 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 prinfer

25 head discharging ink drops in the above embodiment, the




center is connected to the sub-control circuit. Alternatively, these may
be conbi ned. Although the heater elenents and the drive circuits are 5

i ntegrated 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. Al though 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 inventionis not limted to this. The
controlling of the direction in whic 7 the ink drop is discharged may be
used for increasing the quality of print, and for sinplifying the
structure, for 15 exanple, in the case where a plurality of dots are forned
by a single nozzle in order to increase resolution. Al though the present

i nvent i o4 easpliinggntédcn iharatallinipsd tenghpe i ntBre whssendner gy
generating elenents are heater elenents in the above enbodi nent, the
present %Qﬁéﬁpl8ﬁylEenﬁﬁp¥4?ﬁt?ﬁjﬂﬁénﬁﬁFsheqﬁ% hads ehisqhargst i on my be

applied t rlnters or nter s havi.ng. ot her _t of energy
generatlﬁgc§1enents g SH plez Opﬁpgfa ﬂq%.g Jyé%?ﬁgpgt?c type.

Al t hough gﬂaece%rt%%n&agwe%%ﬁ APRLLCASESs 2 Pi Wi c533, "ERE 1 scharging

ink drops in the above ehbo
5 present invention may be applied to micro dispensers,

measuring apparatuses, and testing apparatuses that .

e

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

10 etching.

_Industrial Applicability
As described above, when the direction in which the

liquid drop is discharged is controlled by controlling

15 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

20 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 liguid drop is discharged is
controlled by controlling operation of the plurality of
energy generating elements, drive circuits and so on can be

25 laid out efficiently to arrange nozzles in a high density.



present invention is not limted to this. The present invention may be
~applied to printer heads that discharge drops of various dyes, or drops of
liquid for formng a protective |ayer, instead of ink drops. In addition,
the 5 present invention may be applied to mcro dispensers, neasuring
apparatuses, and testing apparatuses that. discharge drops of a reagent.
Mor eover, the present invention nay be applied to pattern producing
apparatuses that discharge drops of an agent protecting a nenber from 10
etching. Industrial Applicability As described above, when the direction in
which the |liquid drop is discharged_ is controlled by controlling 15
operation of a plurality of heat er “"eFBnénts which are energy generating
el enents provided for each liquid chanber, a main control circuit drives
the heater elenents, and a sub- control circuit varies the bal ance between
t he heater €ltenerntsstoSeage theveurisntiteonodr abngntden suh-ledrt r ol 20
circuit is small, the wiring pattern concerning the sub- control circuit
can be fepfedffickenidnr d@ ardehge Thezefasy én awhéght Henditecdty on in which
the |iquid drog H? di scharged is control]ed by controllinf operation of
the plur &PFEY 9 therEigydgeREFGEPnGORFRTEMGs th8r S8 -EPPEGPEs and so on can
be 25 laEQrQHRtQLE%?%%@%%% %QdQEEaQQEaﬂﬁﬁiJ%%e'ﬁe%tgkgglgﬁggééy' - 28
5 -side by side in a row in the direction in which the nozzles
are aligned; providing the main control circuiﬁ 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-control circuit via the gap between

adjacent groups of the heater elements.




That. is to 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 whi ch the nozzles are al i gned,;
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-control circuit via the gap between

adj acent groups of the heater elenenta 29 - CLAIMS 1. Aliquid

di schargi ng head conprising: at |east 8né | i quid chanmber holding liquid;, 5
a nozzle provided for each liquid chanber; at |east one pair of energy
generating elenents provided for each liquid chanber, and applyi ng energy
tothe liquid held in the liquid cR&AB¥E to discharge the liquid fromthe
nozzle; 10 a main control circuit connecting a series circuit of the at

| east one pair of energy generating elenments to a power supply, and
?Lgvlpglagefgﬁ gfgiaa?ne%pgigcﬁgrgggggﬂgadg%ggéggggggelenents according to

at least one liquid chamber holding liquid;
5 a nozzle provided for each liquid chamber:;
at legst one pair of energy generating elements

iw) provided for each liquid chamber, and applying energy to the
liquid held in the liguid chamber to discharge the liquid
from the nozzle;

i0 a main control circuit connecting a series circuit of
- the at least one pair of energy generating elements tb a
power supply, and driving the at least one pair of energy
generating elements according to the timing for discharging
the liquid;

15 _ a sub-contrel 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



the liquid; 15 a sub-control circuit connected to a connection m dpoint
between 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 elenments to the nain control
circuit, wherein the first wiring pattern has a width narrower than the
wi dth of the second wiring pattern. 25 30 2. The |iquid discharging head
according to Claim1l, wherein the gngégy generating elenent is a heater
element. 3. The liquid discharging hgad according to Caim1l, 5 wherein
the at |east one |iquid chanber are arranged in a row, the at |east one
pair of energy generating elenents are arranged in a row along the row of
the |iquid chanber@e tieuad Héashanmapdisadobcenedyyg gemetiating , el enent s,
10 the main control circuit, and the sub-control circuit are provided on a
sem conduE’F‘SFeéﬁbElE? R TDhIRETAL LNt EANNIY dii & Asateheskeferdont rol
circuit are disposed on one side of the row of the energy generating

3. The liquid discharging head according to Claim 1,
5 wherein the at least one liquid chamber are arranged in

a row;

S

the at least one pair of energy generating elements are
arranged in a row along the row of the liquid 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 control circuit and the sub-contrel circuit
are disposed on one side of the row of the energy generating
elements, and a flow path supplying the liquid chambers with
15 the liquid is disposed on the other side thereof; - |
the first wiring pattern is led from the side of the
flow path to the sub-control circuit via the gap between

adjacent groups of the energy generating elements.

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

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



el enments, 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 from
the side of the flow path to the sub-control circuit via the gap between
adj acent groups of the energy generating elenments. 20 4. Aliquid

di schargi ng apparatus having a liquid discharging head, the liquid

di schargi ng head conprising: at least one |liquid chanber holding liquid; a
nozzl e provided for each liquid chanber; at |east one pair of energy '
generating el ements 25 provided for each |liquid chanber, and applying
energy to the 31 liquid held in the kiquid chanber to discharge the liquid
fromthe nozzle; a main control circuit connecting a series circuit of the
at | east one pair of energy generating elements to a 5 power supply, and

driving the at .le one_pair of .ener generating el enents according to
the tini ngl%‘i"ddﬁ"%ﬁ%&f‘gi&éﬁ& 5ﬂﬂ81ﬁjiﬁlﬁﬁ‘ e tUFLEEREFeT B kit iconnected to

a connect i-op ] I between the at | east one pair of energy generating
10 elenents,maﬁ%gS%é%%%ﬁj t he bal ance of energy generation between the at

| east one paira afai@Neba¥rGENE! AhiNg LBeRt Sy aasééire;ﬁ MG Battern

connecting the connection mdpoint to the stb-contr circuit; and
the at least one pair of energy generating elements to a

5 power supply, and driving the at least one pair of energy
generating elements according to the timing for discharging
() the liquid;
a sub-controel circuit connected to a cennection
midpoint between the at least one pair of enerqgy 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—contrel 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

R than the width of the second wiring pattern.

. 5. A driving method for a liquid discharging head
20 comprising a liquid chamber holding liquid; a nozzle
provided for the liguid chamber; at least one palr 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

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



second wiring patterns connecting the at | east one pair 15 of energy
generating 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 liquid; a nozzle provided for the Iiquid 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 33 energy generating elenents to a
power supply; a sub-control circuit dnniected to a conrection ni dpoi nt
between the at |east one pair of energy generating elenments; a first
wiring pattern connecting the connection mdpoint to the sub 5 control
circuit; &R8T9¥cHRECwFing Pemeatasteonrpatémgurpdy;at belstomnmlpai r of
energy generating elenents to the main control circuit, the driving nethod
conpri si nGEABLEL ePEnssttedytiovPn§orReCEEM dy dpioieti beseenetha dteast one
pair of gy_generati el enents according to the timng for 10
di schar gi %%gtsgeoﬁg? ot o l‘#gteﬁ‘grﬁﬁi ROt di9 ('?iqreﬁ‘ﬁinft?;aﬂdflvgfr Yiirfg “Che
bal ance 0bagRELQYCHRNEIAkORNILURED LIS, i o S3R! 18"€nRRLL,O1 eneray
generating elements by t € sub- CORTTo tircat,

5> control circuit; and second wiring patterns connecting the

at least one pair of energy generating elements to the main
i;J} cpntrol 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
10 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
15 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.



wherein the first wiring pattern has a wwdth narrower 15 than the width of

t he second wiring pattern because the current necessary for the
sub-control circuit is smaller than the current necessary for the nain
control circuit. ABSTRACT The present invention is applied to a printer
that discharges ink drops by driving, for exanple, heater elenents. In
the case where a plurality of variable pressure generator elenents are
driven to control the direction in which the drop is discharged, the
present invention makes it possible to lay out drive circuits and so on
efficiently so as to arrange nozzl es.i,n_a high density. According to the
present invention, in the case where“a plurality of variable pressure
gener at or el enents 15A and 15B are provided for a liquid chanber, and are
controlled to control the direction in which the drop is discharged, a
sub-control circuit 31 varies the®p&TBAEE between the variable pressure
generator elenents 15A and 15B driven by a main control circuit 27. Since
t he current concerning the sub-control circuit 31 is snall, the wiring

pattern concgNi g Lhe sHB=GRMACls Aadkh 35 LSpLOL{RY fiL 2 narrow

discharges ink drops by driving, for example, heater
5 elements. In the case where a plurality of variable

pressure generator elements are driven to control the
direction in which the drop is discharged, the present
invention makes it possible to lay out drive circuits and so
on efficiently so as to arrange nozzles in a high density.

10 According to the present invention, in the case where a
plurality of wvariable pressure generator elements 15A and
15B are provided for a liquid chamber, and are controlled to
control the direction in which the drop is discharged, a
sub-control circuit 31 varies the balance between the

15 variable pressure generator elements 15A and 15B driven by a
main control circuit 27. Since the current concerning the
sub-control circuit 31 is small, the wiring pattefn
concerning the sub-control circuit 31 is formed in a narrow

width.



