‘- *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

di schar ge 0 f glﬁg i Q?‘r’g’l k)gfrOma nozzle of a_printer
head, mhi?ﬁﬂygﬁheF%&gégggﬁ C %135! e dgl HEBRGING %%%%Vﬂﬂﬁb ﬁ@giunlto
forma dot. The appafalSub@sor ReRIRurn2nrSEAAREHIE @g, 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 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



ink-jet nethod, an energy generating el ement applies energy to the ink in
a liquid chanber, thereby causing an ink drop to be discharged fromthe
nozzle. The ink-jet nmethods are 5 classified according to the kind 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 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 elenent generates bubbles in the ink in the liquid
chanber. The pressure generated in the 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 i mage. liquid di scharging_hegad used .i.n a liquid_di rgi ng

appar at uS SEUrREET HERT KPR LT Re PP Bt Shehigs et mndfach b ed by
providin _ efelafolBlofi a i.Lhy . drd I Ut I re | ogic
RN A I T i i R MO S i e

nozzl es, tonththiskoidey \1i3midi sehased, | Frhdafianesasingxani ned Hasent
Application Publication No. 7-68759. Since the heater elenments are

i nt egr at ed wet i sdiearlrdd e ehiet apzihe. helteerinkeljenenkshocdsn d&ee arr anged at
a high density. Therefore, 25 high-resolution prints can be obtained. - 3
In no8t eflasashiedpeeruiligwhdogithg headsot erremy @engrating

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.



‘having the followi ng structure is used. That is to say, each nozzle is
. provided with a heater elenent; the heater elenments are aligned in a row
on the substrate; on one side 5 of the row, the drive circuits are
provi ded; and on the other side thereof, an ink flow path is provided. By
using such a head chip, the liquid discharging head can be mniaturized.
Concerning such a liquid dischargi ng head, as disclosed 10 in Japanese '
Unexam ned Patent Application Publication No. 8- 48034, a nethod for
controlling the discharging direction of the liquid drop is proposed. In
the nmethod, the discharging directiopn of the liquid drop is controlled by
separately driving a plurality of energy-generating el enents provided 15
for each liquid chanber. FIG 1 shows the liquid discharging head vi ewed
from the side where the nozzles,are, provided. In-FIG 1, nozzle 1 is
provi ded for %%crhosftnk’fcﬁéﬂﬁ]ﬁ‘eﬂl@l@o?l%%qw heRgRnef l?‘?a‘?vﬁ}“ﬁéat er
el ements 3A.and, _3B ar rovided side 20 by side .n, the.direction in which
the ink @ﬁgﬁﬁgrgﬁﬁ g?i?éﬁﬂ?%ﬂéifHQ&grghéﬁmg?%dFﬂ(éh%f *5n&°eRdYbf each of the
heater el.emepbs, 34 AN, 3R IS LAARACHEHed Qo LUMIBR ,WehbNgeRpltern 4. The

heater elements 3A and 3B are connected to a power supply 5 via the common
wiring patiteentd. aFbeapidiela ands obw 28 erehs@isthadheaneobnel sigats 3A and

3B are respectively - 4 " connected to transistors 7A and 7B via wiring
pattebns ofAthe row, the drive circuilts 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




‘and 6B, respectively. The heater elenments 3A and 3B are grounded via the

. transistors 7A and 7B, respectively. The transistors 7A and 7B are
separately switched on at a 5 predetermned timng according to the
timng-control of a control circuit 9 to drive the heater elenents 3A and
3B, respectively. The currents IA and IB flowi ng through the heater

el enrents 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 about the sane shapes and about the
same resistance values.- The heater_e}enents 3A and 3B are arranged about
symmetrically with respect to the center line of the nozzle 1. The liquid
chanber 2 is about symmetrical with respect 15 to the m ddle |ine between
the heater elenents 3A and 3B. \Wen either, heater element 3A or 3B is
driven, &FTPRkEedrbd PARAisdivdsgdd abdafP ahift &1TGERc BRATRGRE her
above-descrijhed structure,. in e cas where each _nozzle 1 is provided

W th Two REaPEr EPERENT S 20e, G2 e LREtee Hogray OB Bhent s A and 38
are alig i A [i.vVensCl S Lded o ne si de of
t he row, %gg)gh\%ﬁgr{é?%nﬂ?{@nﬁ&ﬁ%%%ﬁ%tﬂﬁ ?}é %é‘g\%%’e 0 elt%rﬁgx%g er Jﬂksllgde t her eof
hovever, t-R@sWstbhe PRIAS! WE! Q6 LBBaVAELDY swldRidN$nbAtagd 6B connected
to the heater elenents 3A and 25 3B need to be bent. In this case, as shown
in FI® bredetebmined vieinting uidcoraipgsed the thenin@asnstol sofAaand 7B and

t he .
_control circuit 9 to drive the heater elements 3A and 3B,

e

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



control circuit 9 are provided on the side of the wiring patterns 6A and

. 6B connecting the heater elenments 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-el enment pairs. In this way, the drive circuit and the wring
patterns 4, 6A, and 6B can be laid out efficiently. 10 The current | A or
IB flowing through the individual wring pattern 6A or 6B, respectively,
flows through the conmon wiring pattern 4. When the transistors 7A and 7B
are both driven to drive both of tpq5h§ater el emrents 3A and 3B, the
current A+IB flows through the common wiring pattern 4. 15 Therefore, in
t he conventional structure, the width of this comobn wiring pattern 4
needs to be greater than or equal to the sumof the wdth of the
i ndi vi dudirifer Fhgcpht terPerard thRettrat hsletrs H® indi VPdaaf Wreing
pattern 6B. This causes . problens _ in that the npzzles cannot be arranged at

a high 26°8&RSt GIIFREE de T RFOoViAetngn ctht ettdordl CBEr HEELPe, it the

i dt h of _t.h i £ t ] is_ | t i dt h of
rLe ingi&Fﬁggﬁgﬁjr?n%ﬁ%EQ?égﬁﬁﬁﬁEgﬁé Fﬁ% ﬁ%ﬁ%ﬁ%?%%éﬂgagsfﬁg}%%%ugﬁ'&;ringo
pattern 6B, Wire brepkags BCeUES7HYe L HEEGH 19T 0Bkl QBmd® 6 Disclosure

of I nvention
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



Enbodi ments of the present invention provide a liquid discharging head, a
| i qui d di schargi ng apparatus, and a driving nethod for the liquid

di schargi ng head capabl e 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. According to a first aspect of
the invention, there is provided a |iduid discharging head conprising: at
| east one liquid chanber holding |iquid; a nozzle provided for each |iquid
chanmber; at |east one pair of energy.gegnerating elenents provided for each
liquid chanber, and applying energy to the liquid held in the . liquid
chanber to discharge the liquid from:the nozzle; a min control circuit
connhecting a series circuit qﬁstges%ge I%agt ong.gair of energy generating
el ements to a power supply, and driving t hBYaE*1®st one pair of energy
generating ele ; i g the timng for discharging the liquid; a
sub- contr ol d:%ﬁ%faﬁﬁﬁﬁ%gfggt%g grggﬁﬁéc%ﬂgﬁnth?ﬂpBF%Y1®%tmeen the at

" l.east one p%irlkﬁquMHqgﬁq@am@ﬁa@ingeaeLenEnt$iq@ﬂg varying the bal ance of
energy generation between the at |east -one pair of energy generating ,
el enents; dasthrsygingrapppipEEttser andoandet vaggt ReteMnast itde Niidpgiant to 7

t he sub-control circuit; and second wiring patterns )
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 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 firstlwiring pattern connecting the connection midpoint to

v

-



connecting the at | east one pair of energy generating elenents to the main
control circuit, wherein the first wring pattern has a w dth narrower
than the width of the second wiring pattern. According to enbodi nents of

t he present invention, when the at |least one pair of energy generating

el ements are driven, the driving by the sub-control circuit may need a
smal |l current conpared 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 conpared with the second wring patterns. In the
case where a plurality of energy gene[a;ipg el ements 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, Agcgrdinﬁ%to a second aspect of the invention, there is

provi ded a i1 quf8°areehatyisg apbdr andsseaenc g Iriqqpiad tedtnschar gi ng head,
the liquid dig i ng, .hea onprising: at |east one liquid chanber hol ding
liquid; a nozg §£%?%VT6%&1 gFaéﬁcﬁn?iEﬁﬁﬁ Thagy genkeasinone pair of
ener gy genegabheigr: £l eimn, oVi or. each |iquid, chanber, and applying
energy "to the 7a- Iiqui (?Sﬁlgﬁh ¥ﬁ9§ﬁ%_{ﬁﬁﬁ‘b‘%hé’ EP1fotlf stieitge the =
L;qU|d HfrOﬂifiﬁglﬁﬁﬁHéih ﬁagaknwg&%ﬁr&grfadéyﬂf%agogﬂgc&ig h &, SqH.SS clreult
. 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



1l the at |east one pair of energy generating elenents to a power supply,
and driving the at | east one pair of energy generating elenents according
to the timng for discharging the liquid; a sub-control circuit connected
to a connection mdpoint between the a¥aleast one pair of energy
generating elenents, and varying 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"the sub-control circuit; and second

Wi ring patlegasdCmectd Ret Reqat q! eastn P8 Palf. 1ol .aneray, generating
el ements to the main control circuit, m%ef%?%hfﬁ%afﬁFsggéﬁ}?ﬂﬁlﬁattern has
a w dt h nafromethe thagr e wi dth of the second wiring pattern. According to

a third aspect, of the present invention, there is provided a driving

met hod for a & gai-d dPsthak giing-iead:coritiisgng: sarldsut o Shagrher hol di ng
liquid;, a nozzle provided for the liquid chanber; at |east one pair of
energy generating %&SEneResPpibVeEHetnd gy ddreedawdmigd etbashes, cand appl yi ng
energy to.the iS uig held. in the liquid chanber to discharge the liquid
fromthe mozzl &F8 Hai APLHRIGInGitheuiat deasscPhagpal serf esnaigcuit  of

SUb- cont 1o erreiTe Ehanebr P R s skt FOMIHE dber it HASEENG he &t
| east onetpai nief.igner gy
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




generating elenents; a first wiring pattern connecting the connection

m dpoint 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 nethod including the steps of: driving the series
circuit of the at |east one pair of energy generating el enents accordi ng
to the timng for discharging the liquid by the main control circuit; and
varyi ng the bal ance of energy generation between the at |east one pair of
energy generating elenments by the sub-control circuit. The first wring
pattern has a width narrower than the wdth of the second wiring pattern
because the current necessary for the ~ ub-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

di rection i AoRpeehiarheridpopnicsbdivedar ged, atdrliess tcioheupbbsrand seemyy can be
laid out efficiently so as to arrange the nozzles in a high density.

Bri ef DescrPPRFEALBIY HE™B AW ngsEFrSS Wiyinis pplitérrui evnshoning thd ayout
when a pIuraIiégEtof hegﬁer el enents are arran%ed. FIG 2 is a connection

di agram i n THETaAsE WHEFBtRE tRebbersWtetitrelacdsrihg #8dt #REQG uct ure
e Peaifrihg Ple(RRn3BBRALE Yoo TR T h2.8cPLRD KLEY SPOdDg Pt of @
' generating elements to the main control circuit, the driviﬁg
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
mgin contxol 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 is discharged, drive circuits and so on can be laid out

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

Brief 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




according to an enbodi ment of the present invention. FIG 4 is an expl oded
perspective view showng 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, show ng an ink
chanmber. 10 FIG 7 is a schematic di agramexplaining 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 C-C, respectively, in FIG 7(A. FIG 9
is a connection diagramshowing a main control 15 circuit and a

sub-control circuit. FIG 10 is a plag view showing a specific |ayout of
the head chip in FIG 5. Best Mdde for Carrying Qut the Invention 20 The
enbodi ments of the present invention will now be described with reference

to the draw ng‘s (1) Structure of Enbodinent FIG 3 is a plan view show ng
a print erlTH&E ﬁ?@ﬁr?ﬁejay printer according to this enbodinent. This '
i ne head.. An, ink flow path 12 connected to an ink

t head
E(r)I nt :Flk ?2 f%ﬂ%‘e?&fs a [g’rlé"&ef’éﬂh o P& ts G £ §‘ PEiBR*eMPa%er oss the

wat hlgf PRREIAT 80 80 EfloRE! B P Hesdild Nevedlcdgndl the 10k f'OW‘

FIG., 4 is an explecded 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
(;J 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




staggered. Each head chip 13 has a row of ink discharging 5 nechanisns.

. The head chip 13 is fornmed in a rectangular-solid shape. Along its

| ongi tudi nal face, nozzles 14 are forned 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 alignnment direction
of the nozzles 14, even between the head chips 13 adjacent to each other.
The printer head 11 can print a desired imge by driving the head chips 13
arranged 15 across the wdth of the paper. If the nozzles 14 are arranged
at a high density, the nozzle pitch’i's narrower. Therefore, due to an
error in fitting of the head chips 13, variation in the nozzle pitch
becones | arge at the joint between the head chips 13 20 adjacent to each
other. | r?atngﬁ dSehBsuptent 2 crdesermagethuenkbier exe iash tinewteod t he ink drop

i's discharged frgnlthe head chip 13 makes it possible to conpensate for
the vari &GRS iRt HedHd 24 PaRetcRshePwekhctherhadd ndings 18nadj acent to

each other 5 sh i n. Fl 4, th ad, chip_.13 is_manufactured by -
11 prov?ﬁfﬁsgaségﬁiggn J%fg#igﬁggtPgFg ?g’mf??ﬁeFQﬁﬂﬁaigtFﬁﬁ wal | 18 so as

to formistkogbagher Seddn lldh UASLeR5! fLs BT YL NG UERLEBEALE 200 O

t he sem conductor substrate
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




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
shown in FIG 5, the heater elenments 15A and 15B are aligned al ong the
| ongi tudi nal face facing the ink flow path 12. In the region along this
face, a heater elenment section is thus formed. In addition, from10 this
heater el enment section to the opposite face, a drive circuit section and a
connecting termnal section are provided in this order. In the drive
circuit section, drive circuits driving the heater elenments 15A and 15B
are arranged. In the connecting ternynal section, connecting 15 termnals
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 chanbers 17 fromthe
face adjacent, to the heater elenents 15A and 15.B. The drive circuits are
provi ded BXGVGE4RPnE POl SONBICHHe SHREEER R LRt B5ASRAEAESBIf rom the i nk

fl ow path . .oThus, in the head chip 13, e heater elenents 15A and 15B,
the dri vewagli%r ¢8i P8, 2antP s%o%th Hﬁ‘ecﬁl‘ﬁ‘ﬁﬁeﬁﬁt RZT 139 952 EFRE  head chips 13
are manuf ied. ef ficl I rovi din r or m e i ircuits,

t he heatggggﬁg%g%té,ﬁéﬁé?%rﬁg%ﬁék%SS cﬁgngggss?éﬁééy pgﬁkglﬁg%sﬁfac%ips on a
sem conduct, ourWeb et rdidi td heriRahlyehegUbL @gerhélfassetlfﬁacg%u(ifsﬁf ayafer into a

plurality of chips, and then attaching a nozzle plate 20 to each chip. As

shownbi n prlo@id6dA) , Ia fhamaodxw pasdeFR G, ©OfB)nofrlies 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,



sectional view, each |iquid chanber 17 is provided with a 5 pair of heater
el enents 15A and 15B. The pair of heater elenents 15A and 15B have about

t he sane shapes and about the sane resistance val ues, 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
controlling the driving of the heater elenments 15A and 15B, which are
energy generating elenments applying energy to the ink in the ink chamber
17. FIG 7 is a connection dlagran1e§9Ia|n|ng the principle 15 of
controlling the driving of the heatei“el enents 15A and 15B. In the head
chip 13, on the side of the ink flow path 12, the heater elenents 15A and
15B are connected by a wring pattern 22, and thereby a series circuit of
the heatBpresEhent@ EAdGAIC] 5B SORRARRE Waterddintioon, PéRTEhEtR0 opposi te
side of the heater elenents 15A and 15B fromthe ink flow path 12, the
heater eP&nBhtRSi FRAAPTSBAPEN1RBNMERIE T &I AT Eat?%?%§ﬂ§§k and 22B,

respectlvely Th W i n at ns 22 and.22B ar d to the main
control C|rcwﬁ:%§?wnTﬁe %ﬁ?n ég% ro C|rcﬁF o721 |g EP%T|€é525 qircuit

dri ving Lhee $6KL S, Gy CWalrOf sblieaheRlale L1 Ot 5oty 18lalpfupnd 158 in the

timng for discharging the ink drop mai n control circuit 27 connects
the serigsigi 6£Uidatair tdlemeheat esackheaends, 13heandik5Brt Rehber pover supply

25 via aelements 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



switching circuit 24. 5 Mreover, in the head chip 13, the connection

m dpoi nt 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 discharged, 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 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 bal ance between the_epgrgi es generated by the heater

el ements 15A and 15B. Such a bal ance control can be perforned by sw tching
bet ween inflow and outflow of the current into and out of the connection

m dpoi nt between the heater el enents 15A and 158h anqéb varyHn t he val ue
of 20 i ntPdvemt AR fitowher tEBFRENOT B ChEEF 8PS 6 Bet D r%/‘f)cff?‘r‘ed t})\% varyi ng
the electric potentjal. of ,t he connection.m dpoi.nt. .ln F 7,..such a
mechani sff#to %V?%&lé:lcélég:r ?Z ?)%If‘%%ﬁ%Pc_héorsetrﬁgscﬁﬁce:% tl'lc%%f c%hrﬁ)psed of the
sel ector, 28, .2 @P%@Jrn%ﬁ%gr ¥§§915§“9o rasd s 300pio 360,idhat is to say,

when 25 Pﬁe resi’s B connected to the power supply 29 is 14
sel ect edg.§ pen 5l ect A48 zal,l ows the current to flowinto the connection

nidpointsgetmeen the heater elenments 15A and 15B. The current is
det ergn ned bwdheveesi shavke Maldieshigf 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



the heater elenents 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 selected, the selector 28 stops varying the

bal ance between the energies generated by the heater elenments 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 m dpoint between the
heater el ements 15A and 15B. The current is determ ned by the resistance
val ues of the heater elenents 15A and 15B and the resistance value of the
resistor 30C or 30D. 15 Conpared yMtJ1j:he driving by the main control
circuit 27, which needs a |l arge cur%ent, the driving by the sub- ,..
control circuit 31 only needs a small current. Therefore, a wring pattern
22C connecting the heater elenents 15A and 15B to the sub-control circuit
31 can beeleatesl dbepaedecor wi g rlidewswithenguptenterp Z2RYoANE2B provi ded
for the heater elenments 15A or 15B, respectively. In the case of the

st r uct ur'e e EmasEd cabBYEPY B h Petefanetde 1EaFPE S4eTsiHeh e FEsi st ance

val ues of_the heater eleme 3A .and, 3B 50 h, d t he 25
heat er e{@mnt@%ﬁuﬁﬁﬁngBI%P és%erlirﬂl/’g}%%}yaﬁkgl &t #%er%%g‘?al&ae%- ° Seno. 5e[ W

oo o Sl Defichtl %Mézsreivg]ng& Y OR NG COOTRILe W1lad JRakhern 4. 10
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




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 wring
pattern 4 needs a width of 30 [m. In addition, the wiring.patterns 6A and
6B each need a width of 15 [n]. Therefore, the nozzle pitch is 60 [n]

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 [F] On the other hand, according to the
structure shown in FIG 7, when the heater elenents 15A and 15B are each
driven by an electric power of 0.5 i , ho current flows through 15 the

W ring pattern 22C connected to the b-control circuit 31. In addition,
when the heating values of the heater elenents 15A and 15B are different,
the direction in which the ink drop is discharged can be sufficiently
angl ed by-3cHikigaght-he drhirventupfehts Gfl tHewsedbhspughehipnteomBm and 20 15B
to differ by about ten percent. Therefore, the wwdth of the wiring pattern
22C needéI¥RHPH Y "atenth patE 15 hateToftREhECRRPR Nt PdRT ern 22A or

22B. F_orpe 2 Ie4 hvé'hseré tt e kheagecr) e t 15@1\ agg lr%5@}%ar“%.u_gilri ven by
electric %%m%gg of >%075 Fﬁf 4R8° 0% %@§ﬁﬂygépgc i VEFY, “the"Curt®ent 1 owing
or oo R W O PRLLTACZE ) 20 BN ol oy [lon 0
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



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
wWiring pattern 22C is about a tenth part of that of the wiring pattern 22A
or 22B. In addition, the wiring pattern 22C is disposed in the same |ayer
as the wiring patterns 22A and 22B, and in the gap between the shown
heater el ement 15B and the heater element 10 15A (not shown) provided for

t he adjacent ink chanber 17. Thus, sufficient space is obtained in the
head chip 13, so that the nozzle pitch of the head chip 13 is 42.3 [m. In
FIG 7, the reference nunerals 41, 42, and 43 denote interlayer insulating
films of silicon nitride, and the 15 Peference nuneral 44 denotes a
cavitation-resistant layer of a tantalumfilm In this enbodi nent, the
head chip 13 is nade by forming a tantalumfilmwth.a thickness of 80
[nn] by <$paviediweroughdheheticangepat b MEd Mechdatled 2| apn@nf sO85A and 15B
with 20 predeternlned shapes by |ithography and etching. The heater

el ement s [B5A 5ﬁﬁPﬂEEFW%Ué a resistance val ue of 105 [ 52] each In this

enbodi nent, t e%t r e nts 54 n%_lSBe%re n |¥e %ﬁ el ectric
power of 0.8 $ﬁ$?t é ?ﬁ% H% oS SCThHE %ub %oﬁ?r Gircuit 31
causes a ‘igﬁ&ei‘% o A’-Qat%—%5 %nﬁché\] 10 egfécoc"*_/ *11%}’“%@ %?g W Iing, pattern
22C, ther v causi ng t'he heat er ment' s A and Bto differ in
theirs opAeaht®A-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
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
interilayer 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] 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 [{2] each.
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 F0.01 [A] to flow through the wiring pattern 22C, thereby



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
t hrough each of the heater elenments 15A and 15B. Therefore, the w dth of
each of the wiring patterns 22A and 22B is set to 15 [pn]. The wdth of
the wiring pattern 22Cis set to 1.7 [m (15 [pm x 0.087 [A] / 0.01 [A]).
10 FIG 9 is a connection diagram showi ng 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
el ements 15A and 15B i s 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

i nvert er céusdnpt thehkeateyrrlememiel 168 and tohtFoldiiigrainstheis rai sed by
an 20 i mage-data processing circuit (not shown) in timngs when ink drops
are di scif®e§&@8188cording to paper feed fromthe nozzle 14 to which the

mai n contr ol gircuit 27 is allotted. | n these tinings, the series circuit

of the heater &t ement’s CHBREAT 158 i P UGArEn By “Fhs " Fohe? "Suppl y 50. 25

The sub ¢qahial oCh 6&ULLG 3oh $.,00MRA0 80, OLaPOURY; SHAPLY, thl, CITCUILS S5A
55B, 55C, "an BD whi ch cause a predeterm ned value of current to flow
into or Qwbratibhe S§0AREELAOBLE 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



m dpoi nt between the heater elenents 15A and 15B. The proportion of val ues
~of the current caused to flowinto or 5 out of the connection m dpoint 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 the above val ues of
current. O her than the above, the power supply circuits 55A, 55B, 55C
and 55D have the sanme structure. Thergfore, t he power supply circuits 55A
alone will be described in 15 detait® Tn 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 varcelvard®s grd@duably éandthed miningdr agfuse 20pfadéoerminad two.
Therefore, this _enbodiment as a whole has a sinple structure, and the
heat er eVehent’f 19K LHAG [oBIdPE ipbesed 2w dif fiéye cAnnmetriomperation

efficiently. In this enbodinent, the control signals_SA SB, SC, and SD
are det e?‘h‘%{?l%ﬂr_lgob?%e“t ﬁgerﬁﬁaﬁ?’ép%l%}?%%r]gr’@d%f‘%oi?]?he T%?S nozzles 14 are
0.7, PLBERSLELOSA B Caly T BRIPEISALSS Afaslotel PRI 0 Lhe
in figtipgrobetffe 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




‘head chi ps 13. Therefore, the quality of printing results is nuch higher
than that of the conventional printer head. 5 A direction swtching signal
SC3 switches 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 swtching 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 fromthis exclusive NOR circuif 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 68fpthe sigriation thethaveesirieon radlithesdnk despdet itvely, according
to the control signal SCl, and 20 output themto the MOSFETs 62 and 63,
respect | PRPYLaGIng (REIREAPEBF BYEReht SN BATRRIIRSE BEEnEre Y diheaccor di ng

Lo the Sellrelusl el Sk e MOREETR, 82 And S e, gy ol cont rof o0
?Oggr°1.§59&§h%§ﬁxuﬁé~%ﬂakthﬁggﬁé SHPRLY, in%§$h£15$f}?£%§Iﬁﬁﬂﬁtaﬂt current
circuit , Ich'1s a , 1son/o controlTe according to the
control signal g3e2ct@of aststrdtineRl@al 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




el ements 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 elenents 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 elenments 15A and 15B. The drain of
the MOSFET 63 is connected to a current mrror circuit consisting of
MOSFETs 64 and 65 provi ded on the_pgﬁe[ 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. Wi lcérehéthedt ewhietlenientas MOSAETRdL 4 58 /Ar % drdnterldedor di ng 20 to the
control signal SC, the MOSFETs 62 and 63 are on/off- controlled

conpl eneﬁF&P?ﬁyn%cE%rW%gzqfﬁ% sdopatt Poh teWauAs H§eshgABET SC3 and the
control rrent circuit 58, .which is the standard

| SA _Th t ant
of oper&%gggn Bp%?%I%@dé@%%ﬁ%?ﬁd%ESIth% % SPeIRdrsh 8821°Fnt25 order to
cause th% ﬂ%ater1§|§ﬂ§%&§eh§A %%gy B, ﬁachfgéﬂlﬁf 5%% Felr operation, -
p

when t he “GUrTént CONREctT o hi dpornt, the MOSFET 62 is
SW t ched @Bpbot8bh 0N 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




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 allow the constant current circuit 58 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. FI G
10 is a plan view show 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 |ongitudinal
direction corresponding to the arrqngingnt of the nozzles 14 (FIG 10(A)).
Each unit drives the heater el enents®i5A and 15 15B for each liquid chanber
17. In each unit, the wiring pattern 22, the wiring pattern 22C, the
heater el enments 15A and 15B, and the wiring pattern 22A and 22B are

arr anged thpirt hberarder, fwhsn tihe shgoent fhews rmiketf lcdwtpath. The wiring
pattern 22 connects the heater el enents 15A and 15B in 20 series. The

Wi ring p&CRBERtROT BEfREtly tHies MRPFERg®patt e¥Wit tdEd 61t fe 3d4bo¥ont r ol

ircuit 31. The wir] tt 22A 22B t the heat | t
T5A ana 158, “OReERRLITYEYIC (0 EhS i n BoRtID GHC I 29 | 0Bhe

oo et 8 lan 15 FTRL Eh oLt S Sonigl BRpsLEsl 27, o
next kegu@RpARAtL, t hige QidiEfET GIRANERE 8cRbathe ©IRIGeRt kb ebAsudtr 31 are
di sposed. In
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 further next region AR3, the other conponents of the main control
circuit, and a control circuit controlling 5 operation of the nmain control
circuit and the sub-control «circuit are disposed. In this way, the drive
circuits for the heater elenents 15A and 15B are disposed in the regions
ARl to AR3. (2) Operation of Enbodinent 10 In this printer having the above
structure, based on inage data, text data, and so on to print, ink drops
are discharged fromthe printer head 11. The paper as an object of
printing is conveyed by a paper feed nechanism The ink drops adhere to

t he paper being conveyed. In this @@é an 15 inmage, a text, and so on are
printed according to the operation ? 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 nechanisns. There is
vari at i ogirguthe3ROar sz argsiedch doethe mext atdaireni AREmether ahyerent of the
head chips 13. In addition, there is variation in the characteristics of
t he head CORPPRERES ThEeridtvrdlo1Retrpdsrirenibf3k Hee Ak saP6Eddi sEhar ged from

t he nozzlg_l?.a d _adhering .to paper varies on a mnute scale. This
causes 25 ot UETBTSUTTT (TN GAdr | Yoottt momeRna A A Sibr eme 23
case, vepllgal LINSS - HOMBYET anlNal BELPLA M & AGEOLELDE,1 91 Lhe present
5 operation of 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



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 therm
type nmethod by driving a plurality of heater elenments 15A and 15B provi ded
for each ink chanmber 17. The 10 plurality of heater elenents 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_ main control circuit 27 connects the
series circuit of the heater 15 eleffents 15A and 15B to the power supply
25 in a predetermined timng to drive and operate the heater elenments 15A
and 15B. At this tinme, the sub-control circuit 31 causes an inflow or an
outfl ow ckseurventi¢at olloremut of the connection mdpoint between the
heater elenents 15A and 20 15B to cause the heater elenents 15A and 15B to
differ in tHRYeWor df 6He PHENESY ra¢rondinge tef thRePrasedWw or the outflow
is set tqg a tenth part at a .maxi tum of the current _concerning the min
control OPPEIFLO%7 CARESA I OIAERE T7F | U PHBorRBSSEEcER BRP set o about
25 a tenth part_of the width of the wrin ttern 22A.0 B..24 The
W ring p%ﬁngnl§2%?%%%ﬁg%f§“{%@néﬁg-g%%t?%hé§§%%ﬁnﬁﬁ’?Tlc%ngg?h%g%onnection
m dpog nt ghepwegnqgi fen el e RETRB SodP?s 14, In 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,




and 15B. The wiring patterns 22A and 22B connect the main control circuit
27 to the series circuit of the heater 5 elenments 15A and 15B. In the
printer of the present invention, even when the wiring pattern 22C i s bent
toward the wiring patterns 22A and 22B and when the wiring pattern 22Cis
di sposed in the sanme |l 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 image can be printed at a
high resolution. In addition, the heater elenments and the drive circuits
can be laid out efficiently by arranging the nozzles at a 15 small pitch,
arrangi ng the heater el enents 15A an 415B si de by side in the direction of
the row of the nozzles 14, supplying ink fromone side of the row of the
nozzl es, and disposing the main control circuits and the sub- control
circuitsTbha vheing hertissme 28C theneons ofh¢ hainazmitesl 20r¢3)t Gher

Enbodi nents Al t hough the heater elenents are nade of.a thin film of

t ant al unfPfl Fhe %%@W%U@Wﬁbéﬂﬁ@ﬁ@ntth%tﬁﬁ%%eﬁhe|hﬁﬁ§ﬁ¥|@hem%ntmolﬁﬂln1ted to
this. The He?%er el ement s ma made_of various resistor materials such

as tungsfBf, 1P chrbie, vi9Eng; g’E‘EFer’E)%I ISt 130 2Bk PPEANF R AR | de. 25

A though Lhe, beal oL el eIPNLS, qne dILyen o GUset tR. fLLfgr Tn their

operatl on By curren
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.



enbodi nent, the present inventionis not limted to this. The heater
~elenments 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 limted 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 tge heater el enments are arranged side
by side. 15 Al though the heater el énents are arranged side by side in the
above enbodi nent, the present invention is not limted to this. The heater
el ements may be arranged in a radial pattern so that the ink drop is
di scharged i rAlrdugls thei heste¢omslementhiarecdgséyen her neaderd ofo heat er
elenments is 20 set to an even nunber. Each pair of heater elenents
di sposed 935p6%i LB Bhehr ctnrertienchiineereent Msler és. tEacaboednnect i on

ir of heater elenments is_.connected to the

m dpoi nt _between { he_pa | (
sub-contF@ﬁoggpgﬂﬁt.téﬁtQﬁ%ﬁ&PFvéPV?HEFPno¥SIFﬁélH@éF@g BPehihts are
e e o Sy 5oy ML o0 o IR P LRI 81 U Lver o
connest i @Re¢@NbEErhsi SOMLGAaba hbeyaub-control circuit.
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




Alternatively, these may be conbi ned. Al though the heater el enents and the
drive circuits are 5 integrated on the sem conductor substrate in the
above enbodi nent, the present invention is not limted to this. The
heater el ements and the drive circuits nmay 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 invention is not
limted to this. The controlling of the direction in which the ink drop is
di scharged may be used for increasing the quality of print, and for
sinmplifying the structure, for 15 €X e, in the case where a plurality of
dots are fornmed by a single nozzle in order to increase resolution.
Al t hough the present invention is applied to a thermal type line printer
whose eneraphogengpafiad ey enmeni-ssadled Heateneetienent THen dohecabove
enbodi nent, the present 20 invention is not limted to this. The present
i nventi orremdpr Be appheeted o-rihe eub-grnprohtarrdwdds having ot her types
of energy generating elenments such as a_piezo type and an electrostatic
type. Alt aﬁﬁgngesEﬁﬁs?|¥F@h?ﬁbﬁ°@§laﬁﬁi|ed to a prlnter 25 head
resent invention

o schar 19,1 Bl L0085 1 LIS aBoue SIDRLIAEIL L He 2L 1 o80T 4 vent
headsStthEQd?%Q@ﬁggn 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




e

drops of various dyes, or drops of liquid for formng a protective |ayer,
irnstead of ink drops. In addition, the 5 present invention may be applied
to mcro dispensers, nmeasuring apparatuses, and testing apparatuses that.
di scharge drops of a reagent. Moreover, the present invention may be
applied to pattern produci ng apparatuses that discharge drops of an agent
protecting a nenber from 10 etching. Industrial Applicability As descri bed
above, when the direction in which the Iliquid drop is discharged is
controlled by controlling 15 operation of a plurality of heater elenents
whi ch are energy generating eleneqygrp[pvided for each liquid chanber, a
main control circuit drives the heater elenents, and a sub- contro

circuit varies the bal ance between the heater elenents. Since the current
concerning the sub-control 20 circuit is small, the wiring pattern

concer ni iRFae@ts dbveasner ol s ciete diimicaed be tbised The daemendw wi dth.
Therefore, when the direction in which the liquid drop is discharged is
cont r ol | e"IPHEGRL FEYI PRERIpESH i téh PERNERE BPE@%J?Q%F(AlSQQ%§ﬂ@y gener ati ng

el enent s,dr%r isv%fcivg%tili L8 3”0'5 sg on can 8% %5 leaid out_efficiently to
arrange nozzies i foa Righteisi Ty POt ThAT S 1Y d&F™dfi e circuits and
S0 on cafubitddliGe Uleel 1A QI %orl 9n3 1B00E. NORLLR%1 3, NEAR density by
formng the wring pattern concerning the sub-contro
5 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

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.



circuit in a narrow wdth; arranging the heater elenments 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-control circuit via the gap between adjacent groups
of the heater elenments. 29 - CLAIMS 1. Aliquid discharging head
conprising: at least one liquid chanber holding liquid; 5 a nozzle
provided for each liquid chanber; at |east one pair of energy generating
el enents provided for each quuid'cﬁﬁnﬁer, and applying energy to the
liquid held in the liquid chanber to discharge the liquid fromthe nozzle;
10 a main control circuit connecting a series circuit of the at |east one
pai r of ener gshagerier &bi gy el énevd scicw tspener ssuppl yan dred driidvi ng t he at
| east one pair of energy generating elenents according to the timng for
di schar gcn§ efhicienjdivdto18rianas-comyasi igi echiivhcdansttedey o a connection
m dpoi nt bet ween the at | east one pair of, energy generatin el enents, and
varyi ng tRE™PAT aifte B 18Fe PG E§EReFaRFRHIING the sub-contro

circuit in a narrow 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-control circuit via the gap between

adjacent groups of the heater elements.




between the at |east one pair of energy generating elenments; a first wiring
pattern connecting the connection 20 mdpoint to the sub-control circuit;
and second wiring 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 width of the second wring pattern.
25 30 2. The liquid discharging head according to Caiml1l, wherein the
energy generating element is a heater element. 3. The liquid discharging
head according to Claim1l, 5 wherein the at |east one |liquid chanber are
arranged in a row, the at |east one ggir of energy generating elenents are
arranged in a row along the row of thé”ITquid chanbers; the at |east one
pair of energy generating elenents, 10 the main control circuit, and the
sub-control circuit are provided on a sem conductor substrate; the main
control circuit and the sub-control CEREMEBIt are di sposed 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- cont r ol ci?bui %ﬁqglghgl%%E??%ﬁ%&*ﬁ?adaﬁfgeﬁﬁ§1@9oups of the energy

generating el enfSst 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



20 4. A liquid discharging apparatus having a liquid discharging head, the
| i qui d di schargi ng head conprising: at |east one |liquid chanber hol ding
liquid; a nozzle provided for each |iquid chanber; at |east one pair of
energy generating elements 25 provided for each |iquid chanber, and
applying energy to the 31 Iliquid held in the liquid chanber to discharge
the liquid fromthe nozzle; a main control circuit connecting a series
circuit of the at |east one pair of energy generating elenents to a 5
power supply, and driving the at | east one pair of energy generating

el ements according to the timng for g'scharging the liquid; a sub-control
circuit connected to a connection ni bornt between the at | east one pair
of energy generating 10 elenents, and varying the bal ance of energy
generation between the at | east one pair of energy generating elenents; a
first wiring pattéhe déanéet fhgchivesigunmeedi excomiidpoi e Glaitthd,sub- contr ol
circuit; apd second wiring patterns connecting the at |east one pair 15 of
energy gel8FPatTRg Rt THSHE S eRetiay e timolisciar dgater edkritasity the fir st
wWiring pattern has a width narrower than the width of the second wring
pattern. 5. A driving nethod for a liquid discharging head 20 conprising a

l'iquid Cha”be@.hoh%kngihhgaigiééhiyggggehead 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-control 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




provided for the liquid chanber; at |east one pair of energy generating
.elements 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 32 energy generating elements 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 wiring pattern connecting the
connection mdpoint to the sub 5 control circuit; and second w ring
patterns connecting the at |east onespair of energy generating elenents to
the main control circuit, the driving nethod conprising the steps of:
driving the series circuit of the at |east one pair of energy generating

el ements accordin o the timng,for 10 discharging the liquid by the main
control c?%gﬁ%g;h%n% “\/«fﬁ?i bl@]qllﬂfé DaAmhfte & dAAEPayIGeH? ati B bet ween t he

at | east ir ener enerating elenents by the sub- control
L 1east £28f PR lergy ge 9 Dy -
circuit, mﬁere?nét$é?%%%%t_mnrlng pattern has a width narrower 15 than the

width of the seeand wohtpor RAI&HL ReGANSEihC GUAN Heqgssagy for the
sub-control circuit is smaller than the current necessary tor the main

control ckheuat.lABSTRACTpalleopr 856~y | AR :ILOAI S18RPAESLA4 @ @ printer
that 5 power supply, and driving the et 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



di scharges 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 nozzles in a high density. According to the present
invention, in the case where a plurality of variable pressure generator
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-contro
circuit 31 varies the bal ance between Ehg vari abl e pressure generator
el enents 15A and 15B driven by a mai A%control circuit 27. Since the
current concerning the sub-control circuit 31 is snall, the wiring pattern
concerning the sub-control circuit 31 is formed in a narrow wdth.
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-
5> control circuit; and second wiring patterns connecting the
at least one pair of energy generating elements to the main
S 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.






