2264086 | NK JET HEAD AND METHOD FOR DRI VI NG THE SAME The present invention
relates to a printer and nore particularly relates to a piezoelectric type
ink jet head using a shearing node and a method for. driving the sane. For

exanpl e, Japanese Lai d-Qpen Patent Publication No. 18054/1990:g;%fgg§e§ a
. e ©n

dri vé t echni que o Lniln d ans _of a shearing node
conpri ses def or mi agggr ”%B gﬁ%amgﬁgﬁﬁeﬁgg PRIVING, THE ShMBber by using a

def ormati on caused by a shearing node of a piezoelectiric elenent and

ej ecting an ink caused by the pressure elevation of the pressure chanber.
Japanese Lai d- Open Patent Publication No. 263760/ 1986 di scloses a tine-
sharing drive techni que of an on-demand type printing head which conprises

mounting an eIecrﬁérﬁggggﬁ{hg?@%ﬁggaﬁ Qgﬁggggfﬂgragbs.ﬁtgg %%g ggFﬁpanber,

def orm ng the upper ‘surface Ink C y et Ch ion of

t he elgpttticulied Df -&Takes ”_E&taaﬁﬂeZQEil.@E&gg -g?p'gg?tchB%tc ﬁ@é@’USQ.?@OTa a

driving circuit for a printing head 1n a no orm’ng a barriéer

pr ess sheafiaipaiody and '@ Methed’ 68 aP#0iAG &hBi 8apal.ectric el ement as
descri bed in Japanese Lai d-OQpen Patent Publication No. 18054/1990 requires

drivers each corresponding to the driving electrodes for a plurality of
channel s which forman ink ejection pressure chanber as shown in FIGS. 5

and 6 and has ddfartexample asiapanese cbabd+OpensPatentabPubléeagien Nospace
of the driving circuit, though the head itself has an advantage that it is

sui t afliB954511 99 discluses a dirieastechniqué- of nacpsintinghhepdi byi meathe
conpared with the other nodes. |[|f the tine-sharing drive node which is
disc) 6fe@ ishearine nodeiwhighe comprisesudefomming acbagBREB0L£Ia6 i s
ado t%%éiiéfiffié”ﬁﬁéﬁgﬁiéYgiéﬁﬁgﬁfby using a-defo:mation caused by a
shearing_mode of a-biezoeleetiric element and - .e jecting eh ink
causedeby the p:essure.elevation“ofﬂthe pressure ehamber.

Japanese Laid-Open Patent Publication No. 263760/1986
discloses a time- sharing d:ive technique of an on-demand type
printing head whieh;comprises mounﬁing an elecfro-deforming
element on an upper plate of an ink chamber, deforming the upper
surface of the ink chamber by a stretching action of the electro—
deforming eiement and - ejecting an ink.

— The conventional driving circuit for a printing head in
a mode of deforming a barrier of e pressure chamber by using a
shearing mode of a piezoelectric element as described in Japanese
Laid-Open Patent Publication No. 18054/1990 requires drivers each
corresponding to the driving electrodes for a plurality of
channels which form an ink 'ejectieh pkessure chamber as shown in
FIGS. 5 and 6 and has defects such as an increase in cost and an'
increase in space of the dfiviﬁg circuit; theuéh the head itself

has an advantage that it is suitable for the fining and decreasing

—-1—
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5 described defects, the structure of head using a shearing node becones a
serial circuit of capacitators 703 as shown in FIG 10(b) when the pressure
chanbers of channels 701 have ejection holes 702 as shown in FIG 10(a)._
The equivalent circuit of a plurality of 10 piezoelectric elenents whigly
forms the other type of piezoelectric ink ejection head becones a paralTel
circuit of capacitators 901 having two“4ermnals as shown in FIG 12 and,

t he electrodes,is conne ach _of the group

i f id f h pof d
irivers: 16 g% £585 pF B RELSEINGE3E BofiBAnga Fohe rRE” foher it P ot her

si de of eastpdd=mctrifiechs timeesbading dadfeomodkewblighndl drivers 921,
922, and 9%s%§é&fiﬂmj%ﬁaﬁ8éée}?998% %B b?@eﬂ{:rﬁﬂgﬁ:l%%;i% dgqr \n each
ST gha ed’ gnal- 08

group and a gro%f select 1S a d to a si I npu term na
of each gr &f3 HILEI8ants Adepredngosagnhp overnemgr she rboxeded to a

si gnal - iped A B dfe@@Eh CHENGELUEELYE" of ' BkaB] B8 hENa0PEr ati ons
correspondi ng to, each printing signal of_eag¢h of grolps can be

o [ the
sequent i al ISPSRYTINRG TOAS REGRNRF R | RFTWPLNCAESELIENEE SB8PRRACECEHS nunber is
n. To readerg3 i -sHsim Nth FIFE PASY) awhdasehebpdeabaye. chamberigecessary to

econct e, Ui SoieIessy ik Jehedence ol 125! ol LRdgs ghoup by o7 oup
conmon in &FI&erild () 1 cUfhe 3quivatepacciocaitsofhawplumakli€y d@(b), each
| moePae ol JACPITE | B NS 0RIEL S PR LOe e Sermce sy
nunber of ®diegaslettasiq ods giectiongheadeberoussng pasadaelng node, 35
there is al3eHIAVLEA dHSAEH oMb 661 CREPLhGCEwS! E8ERARRLYE! ¥l rangi ng a\/
channel J NI &0 SIS na, if one side of each of the
electrodes is connected to each of the group drivers
15 911, 912, 913 as a common electrode of each group and
the other side of each electrode is connected to each
of the channel drivers 921, 922, and 923, each of which
corresponds to the arrangement order in each group and
a group selection éignallis added to a signal-input :
20 terminal of each group driver and a printing signal of
the group is added to a signal-input terminal of each
-channel drivér, ink ejection operations corresponding
to each printihglsignal of each of the groups can be
sequentially driven in n time-sharing with ease when W
25 the group number is n. To render time-sharing drive
easy as described above, it is necessary to reconcile
the commonness and independence of thé:electrodes group
by group. However, if the electrodes are connected
with each other and are made common in a serial circuit
30 of capacitors as shown in FIG. 10(b), each independent
drive becomes impossiblé and time-sharihg drive is made
uneasy. Thus, in this case, it requires the drivers
705 which correspond to the number of driving
electrodes 704. In.é-case of using a shearing mode,
35 there is also known a technique which'¢omprises'
alternatively arranging a channel J having an ejection
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-3- hole 801 and a dunmy channel D without having an ejection hole as shown
in FIG 11(a). The equivalent circuit is made to a serial circuit of

capaci tators 803 as shown in FIG 11(b) and is nmade to a common 5 el ectrode
by chnectlng a dummy el ectrode 804 and thus it can be independently driven
in each driving el ectrode. Blit, if the cognnn dummyel ectrode is sheared in
any portion, a |oop of charglng and di schargi ng between the dummy el ectrode

and its 10 a@id"l(éeggoijra{ﬁ’d rybcﬁh&% %galem;aeolz 155 o@{fhgggat he_barrier 803

of this part is nade Inpossi ve and glﬁ dr|ve|s
made i npossi blegad-ign holeyds tshown tire R‘;‘Eﬁwehl(@hal Theeeghavaihgntri ve

node has a def@Glcdit tidtmddd Hd P oty 'Eéﬁ&éﬁ&@-&fr&ég§%1%§tog rgghion is

made nonuni form dye to the unevenness of | di stances ween a acent

ej ection hol e@8FRATE drt €55 d-% Pla Fthsks draderepca ePmmeRni ng of ej ection
fromthe elsegbll@ltt&@@,bﬁ&ﬁhr@cﬁ/ﬁﬁgﬂa lminQrtineI@cgréaérem Qfl@u?ﬁuszo ol e
It is, according n a sent” j nven e it poss

to perform a tmégéé"hgﬁ r?d‘{%rqe\f’é.{%* qry d’iﬁﬁ%%g"rhe%%cw:ﬁhv?%ga node of
defornming a baleictrode.a [Butssurfe thieadaemdyy dmmﬁug flédiﬁﬁbdéglgpde of

pi ezoel ectric gl ? n in nsiye 1 n 2 printer system
and renove an gh%&%ﬁ%eggggbg Sa |2§ ébﬁkg) vﬁﬁ%§9+€§aé%%npanled wth
the tinme- shardﬁ@C@@rgén@h@ahﬂmamnihﬂwdummxyQﬂﬁﬂurqdelan@crbsdance with the

present 'mbe“hki?]%ceh*&ed%tl% golal%@tfoaeacévzergﬂ Qe acgff efpdead of a 30

printer, said in risin l'u ressure chanbers
j uxt aposed anbaﬁ‘F‘l&ﬁeéq3n°§ 1"-|hr1§t pP@xteds (5}?49(1 Janmmbie@ eto sdrive

\_ and thus time-sharing drive is made impossible to do.
In addition, the conventional time-sharing drive mode
has a defect in that printing dot pitch in a vertical
15 direction is made nonuniform due to the unevenness of
the distances between adjacent ejection holes which
correspond to 'a phase difference of timing of ejection
from the ejection holes, each of which belongs to
different groups. ' '
20 _ It is, accordingly, an object of the present
invention to make it possible to perform a time-sharing
drive of a printing head which is a mode of deforming a
barrier of a pressure chamber by using a shearing mode
, of piezoelectric element and realize an inexpensive - ink
— 25 jet printer system and remove an unevenness of printing
dot pitch which is accompanied with the time-sharing
drive and improve printing quality.

In accordance with the present invention, the

above object is -achieved by an ink jet head of a
30 printer, said ink jet head comprising:

a plurality of pressure chambers juxtaposed and
aligned in a first direction on a substrate, said
plurality of pressure chambers defined by a plurality
of piezoelectric deformable channels juxtaposed and

35 aligned in said first direction and a nozzle plate
covering an opening of each of said plurality of



plurality of pressure chanbers defined by a plurality of piezoelectric
def or mabl e- channel s j uxt aposed and 35 aligned in said first direction and

a nozzle plate covering an opening of each of said plurality of -4-

pi ezoel ectric deformable [err] , said nozzle plate having a pIuraIityzé}
ej ection holes forned therein; a supply,channel which supplies ink to said
plurality of plezoelectrlc defornable cﬁannels and 5 el ectrodes
coupl ed to sgi ic fo I ne sai d

el ect r odes e& e eéﬁ%ve fﬁ%% Vi g dgﬁ%e Vo ta%%getgoggi #ﬁ?% ity of

pi ezoel ectr h@Vdeig)mmilla‘aﬂhaJmeié eecelienthobéy Hefwed Eheziephural ity of

pi ezoel ectric defp réqu %ﬁgﬁ#} : I I yvel ter a vol une of
said plurality o 3? esiﬁl%e%%ﬁéigdfﬁ*uggl %t?féof pressure
chanbers ar @1%@%@ mJ@ereerﬁrpelcVﬁeﬁemab%eaﬁhameber gndater than 1,
each of sgaid gronedigidied YR o péxét[&';bidréﬁltffoﬁl ect ' 0” pressure

chanbers mhlch ct I nk t cor din I on Ln said
nozzl e pIathgﬁ 4%£aﬁ%§§}ﬁnF Qﬁéi% %%%édﬁi%cﬁﬁ? ﬁsd€°ﬁot ej ect
ink, said ejseatelamivreﬂqs yailrgrhadr Svea b bleage sl ubays i & S lieaTheyber s
aIternater rea |n each ) 0 nmy pressure
chanber is ° P‘S% cﬁzg%%ﬁ][z €] %r?on pr‘g %ﬁigg%ﬁé?rg%rs W thin
each of sai deﬁogmlmchrnilmmu‘yhazf epxbmqlen@smr@ewm s |l ocated at
each oppgsi Leashlial Seach, @ %ﬁéﬂ&ﬁ{ﬂpsaléér a volWher &k Nsg; gepar at i ng
oca c

barrier 1s etween ea al r dunmmy pressure chanbers | ocat ed at
t he plurality of pressure chambers;

- -wherein said plurality of pressure chambers are o/
separated into n groups, where n is an integer greater
than 1, each of said groups being fofmed-by a plurality

15 of ejection pressure chambers which eject ink through a -
corresponding ejection hole in said nozzle plate and a
plurality of dummy pressure chambers which do not eject
ink, said ejection pressure chambers and said dummy
pressure chambers alternately arranged in each of said

20 n groups such that a dummy pressure chamber is -
interposed between adjacent ejection pressure. chambers
within each of said n groups and such that a dummy
pressure chamber is located at each opposite end of
each of said n groups; Co

25 wherein a separating barrier is located between
each pair of dummy pressure chambers located at the
opposite ends of each adjacent pair of said n groups;

wherein said electrodes include a plurality of
common electrodes respectively coupled to the '

30 piezoelectric deformable channels of the dummy pressure
chambers of each of said n groups; _

wherein, within each of said n groups, the -
ejection holes of said nozzle plate are aligned in a
second direction which extends at an angle 6 relative

35 to a horizontal print direction of said printer, where
0O < 8 < 90°; . ' "



opposite ends of each adjacent pair of said n groups; wherein said

el ectrodes include a plurality of common el ectrodes respectively coupled to
t he 30 piezoel ectric deformable channels of the dummy pressure chanbers of

eachjof said n groups; wherei;n, within each of saigsn groups, the ejection

hol es”of said nozzle plate dre aligned in.a second direction which extends

at an angle [err] relative 35 to a horizontal print direction of said

printer, where 0 < ferrl]: <. ferrl. _. -5 - | 4% | ng: bet ween
adj acent ejection ﬁ'{l)—’l%ez{sélé:’f t&’al (gpr?gzlznlge%ﬁtav%g{eé?{'gdg’r%&glrﬁgﬁ%%(gggof said n
groups, rel at hedesood weid ogizzdel plagienealiong e fatdyetintet $a3id n

constant di st gRe@pl;, FelativeMtey & Rehlts BRAYMGDIMRRNY Al asenta £gect i on

hol es of said ™ nqzzle plate, wthin each of sdaid n groups, relative to the
hori zont al prPRENGRLedSi 6n CORSERNE FlSHESCS Pikp, where k i s a constant;

and wherei g adj acegheReins thle @jpaciineg beehrern HREND Sfedtinpposite
ends of adjaCﬁnﬁegairs of, saig i gr u@glare ace%gﬁgﬁgi raiftive to the
hori zontal prPRECEi PEcFRIA BPZ2 @dpﬁﬁlﬁteﬁ 8 & 81 /th+g) p where g
is an integergrdbpse relakdveptovictedharizontadl prdmt adiredbiquicf er, said
nafirst di PRk Brinbadr de b, oBERtR 18, B SRR TS e T onel
separated i nto n gwbepeinwadjecentspadrienvtdyedegtdomehalesn ocatedach of
sai d groupg bgingnbopgpdsh¥edeRbdr 8 B¥j8kent pairs of said n groups
are spaced apart relative to the horizontal print
W direction of said printer by a distance (k+1/n+g)p
where g is an integer. _
There is also provided an ink jet head of a
15 printer, said ink jet head having a plurality of
pressure chambers juxtaposed and aligned in a first-
-direction, wherein:
said plurality of pressure chambers are separated
into n groups, where n is an integer greater than 1,
20 each of said groups being formed by.a plurality of
ejection pressure chambers Which:eject ink through a
corresponding ejection hdie'and a plurality of dummy
pressure chambers which do not eject ink, said ejection
. pressure chambers and said'dummy'préSSure chambers
— 25 alternately arrangéd'in each of said n groups such that
a dummy pressure-chamber is'interpoéed'between adjacent
ejection pressure'chambers within each of said n groups
and such that a-dummy pressure chambér is located at
each opposite end of each of said n groups;

30 a separating barrier located between each pair of
dummy pressure'chambers'located'at-the opposite ends of
each adjacent-pair-of.saia n'groﬁps; ' '

a plurality of common electrddés'respectively
coupled to the dummy'pressure chambers of each of said
35 n groups; f ‘ 8 |
wherein, within each of said n groups, the



ej ection pressure chanbers which eject ink through a corresponding ejection
hole and a plurality of dummy pressure chanbers which do not eject ink,
sai d ejection pressure chambers and said dummy pressure chanbers 25
alternately arranged in each of said n groups such that a dummy pressum;
chanber is interposed between adjacentég j ection pressure chanbers withit
each of . said n groups and such that a dummy pressure chanber is |ocated at
each opposiejectienhelam e st pnedrivups; sgeond dirgesépar whiled barri er

| ocat ed belayeemRAGlt Ra ramfl dWimve DIESAINEo ChaRBEE Sohest ﬁélﬁk the
opposite ends of eacgﬁs acent pair of .said n groups; a plurality of common

el ect r odes FEFEFEARY IRRFQQP?*KFQﬁFﬁmOpfe €str808panbers of each of
said 35s5n grOUDSWheM‘Iﬂrrﬁlﬁhe Vﬂﬁa&ihgfaﬁétw?éersaadij@céﬂﬂué§ect|ﬂén - 5a-
ejection h c@e are al ned||E ecoqg diyection which ei ﬁnds %%han angl e
[err] rel attEHo 3L rblrp‘? ORI TR réng{)‘?ugﬁf d*Brht¥f, Shere 0 <
[err] < [emr Vertical puier elirvddiciepari repbdtpeinterdj atena ej ection hol es,
al ong an eg%yg@ghéﬁ sggéh oups, relative to a vertical print direction

of said printer, Is a constart’ di stance p; wherein the 'spaci ng between
adj acent eJect|mmemﬁlnuﬂhﬁ;Snﬁ¢1ng1h§§WﬁQn adjacenyrenpctionl ative to the

horlzoabalhgrg%é fgﬂad(ghéﬁ 5fuégfalﬂﬂ§¥ouﬁ§ kPe1 MEVE Kol £nd constant;

and wherein adjacent_ palrs ej ection hol es | ocated at the opposite ends
of adj acenthoﬁd-lzl%‘t(ﬁ PHIP Yreafistos °far%%‘baﬁ7éhp'é%rtl$ekﬁtl ve to said

hori zont al whielriet k is a constant; and
wherein adjacent pairs of ejectlon holes 1ocated

o

at the opposite ends of adjacent pairs of said n groups
15 are spaced apart relative to said horizontal'print |
direction by a dlstance (k+1/n+g)p, where g is an
_1nteger ) : -
The present 1nventlon also relates to a method of.~
dr1v1ng the ink jet head characterlzed by connectlng a
20 group.drlver, each correspondlng to a common electrode
made by connecting each dummy electrcde in a group .
where channel arrangements of the 1nk Jet head are the
same, connecting ejection channel electrodes hav1ng the
similarly arranged order to a common channel driver in
25 each group and succes51vely dr1v1ng an 1nk .ejection
movement correspondlng to prlntlng s1gnals in each N\
'-group with n time-sharing. _ o
~According to the present inVention,_the electrodes
on both sides of the separating barrier are made as
30 dummy electrodes and the polarlty of each electrode can
 be 1ndependent1y selected, since for each group there
is a plurality of channels forming a sequence having a
dummy channel which does not eject ink on both sides of .
the channel arrangement wlr. .h forms a _pressure chamber
35 of the ink jet head and be :.use there is a structure
that n groups of the channel sequence are



direction by a distance (k+l/n+g)p, where g is an integer. The present

I nvention also relates to a nethod of driving the ink jet head

characteri zed by connecting a 20 group driver, each corresponding to a

conngg:electrode made by connecting each dummy el ectrode in a group where
nMek

channot BPEEtREEAh, Bactl Gtk |fia ¥ SeRblatifo FREr 68" bk RdRToRRmncl

cor Yﬁéﬁgﬁd?ﬁsﬁ*@%ﬁ%ﬁ%ﬁ% FE6 o o o8 IO Gy ?‘F‘hﬁgvfge "
¢ [ | 9 ! ¢ S t

s:éﬁgﬁ a%?ﬁs"%a?‘f?a@s???” o, AV, Yhe s¥pE IS Wil By SoRMHCEing"cach
el ect r eHargé#nghandnderehdeing .S @I&Ex‘iﬁnﬂﬂc R r%ﬁ:ﬁg%‘?&%%ﬁﬁ dggs

plurality of channels form ng a sequence having a

not ej drivenkinnahoelestideadllyt hepditited stdtaosPérmie’slnfeins-2
pressure chanber 35 of the ink jet head and because there 1s a structure
t hat n.ghapisgolrike.channel sequence are connected with each other via
a separating barrier. Furthernore, the separating barrier is free from

i nk ej ecti on andTheuabovei chanhelecaryamgenent tias drheimslaisticy arrier
by conducting, charging and discharging. Accordingly, the different groups
can beaRywagnwidennthbeedistancey ofetieat ejecttiton tchammelis etwdeémethe
sharing drive. The abagve channel arrangenent has an inclination to anyway
wi den 9FRUES saBdcsignifigaptdyt sbi f&hdtnfrom anveguinal epto gistaind since
signi fj cant shift it_froman equivalent pitch, since two dumry channels
are co ?nd%ﬁ@@%c peRels sre.ceplinuoysdyppresent between the groups.

L : _
Thus, the present invention has a feature of “ejection hole

arrangement which_compensates_sudh defects indluding a shear of
timing caused by time-sharing. and make_it possible to do dot-
printing'which'has the same distance} Némely, the above-described
arrangemgnt structure of'ejection:_holes obviates a aefect-that -
the pitch of eﬁgétién1 channels is increased-in an intra-group
compared with an :i.nter-gz"oup, _'manner'.'and ap--influwence of changing: of. ddt
pitches caused by phése differehce'of ﬁime-sharing;-timing between
the intra-groups to arrange tbe'longitudinal-direction of printing
\v/dot Vertical and.make the-pitchs'of printing dot in the horizontal
and veftical directibns uniform; Fﬁrthermoré; if neceésary, by
inclining ﬁhe channel atrangeﬁént-dirgction to the end surface of
a substrate at an angle <I> * which is:different from the angle | @ ° with
respect to the horizontal dirqcti&n, the distancé between the
‘ejection holes and the channel_centié can be. suppressed in a
given range even whén the Shéring number n ié increased.
The channel agrangement whigh forms a pressure chamber

of a printing head of the present invention make a-PluraiitY of



Thus, the present invention has a feature of ejection hole arrangenent

whi ch conpensat es such defects including a shear of tim ng caused by
tinme-sharing and make it possible to do dot- printing which has the same

di stance. Nanely, the above-described arrangenent structure of ejection,

‘hol es obviates a defect that the pitch gf ej ection channels.is |ncreaséﬁ’|n
an intra-group conpared with an |nter-group manner and an i nfluence of

changi ng of ic e e f r timng
bet ween thecﬁ% ra-g oug é %rran e ?% dﬁhE |F§ it 35rg%t?%h oggﬁrlntlng
dot verti caleiawt rﬁeﬂd@ Qmeb?ﬁhcﬂg b‘FS peidesngfdenei gronp Bod hesta and
vertical di rgGhi@isrdtiH M & f6ﬁ$@r£PéecohﬁeE€EES§§Eﬁ eB¥h BEhed NY the

channel arrangenent direction to the end surface of a substrate at an angle
[err] whi cV3% &i§9RAEAE1NG Fa¥Fenynd. [ EReYehiy nbPERpEddet o t he

hﬁri zolnt & f[iilreiiﬁﬁ'd&hs the thet s é)@wgenai:b&eej aeki ﬁhadEOla%tS ﬁ@a@l%;t he
channel centre can be s res n_range en shari ng
nunber n isS ]Tﬁ,‘?cré%cg%s al’ﬁi@?‘u Jfri? gnﬁﬁf’ﬁv\ﬁl@ g?"ﬁ’\agscﬁ‘np Essure
chanber of aqﬂepﬁndqpﬁ&ymbeﬁe¢tedpreseoordmngmyuobynabanacphngabjty of
-7- channel Y I (o t ink on
both of its sﬁ%% g&oérg égkg%llfgegn %tgpggé' rﬁﬁ?érgrgﬁgt WEa"%hr %Jﬁg:gl are
connect ed wicthesadieo maks . aucprmn@rep%\l%@tngdganm eaCEngroupeuabjzhebot h side
5 eIec&rodggdgétg%?éﬁgggéuf |5Eh@fe gggﬁsag nggnsehchthes and

the polarity of each el ectrode can be I ndep endentl sel ected. Accordingly,
by connecti MEPEGARING | %Fﬁﬁeﬁﬁuﬁﬁﬂﬂe%ﬂﬁ%grﬁﬁﬁg 9ﬁ°HPg§6&HeﬁhFﬁ &B€h ot her

to nake a cowRbE SEdORId N Esrate @ Dhdp éﬂchh@hiﬁneit allecgepaeat ed fromy
t he ot her groups by _.means of the separating bartier onnectlng each group
ft%ﬁiﬁ??e‘& FBde

driver to tH@ ITARG RIFE de2d) ip,sanb SEpER:

each channel driver, addlng_a selection signal to each

15 group driver in respectively different phases and
adding a selective printing signal to the channel
drivers in each group, ink ejection operations can be
succe551vely drlven with n time-sharing. As -a result,
a dr1v1ng circuit which has required nm pleces of

20 - drivers requires only (n+m) pieces of drivers, which
permits the decrease in cost in the production of the
driving circuit and the decrease in the volume of the
driving circuit produced. ' | -

_ For a better understandlng of the present:

25 invention and to show Low the same may be put 1nto

effect, reference will now be made, for the purposes of
“illustration only, to the accompanylng draw1ngs in
which: _

FIG. 1 1s a cross -sectional view of a channel

30 1llustrat1ng a structure according to the first

embodiment of the present Invention; o

FIG. 2 is a perspective view illustrating a
:tructure according to the first embodiment of-the-
asresent invention; '

35 . FIG. 3 is a side view illustrating an'arrangement
of ejection holes according to the first embodiment of
the present invention;



’havi ng the sane arrangenent orders in each group to each channel driver
adding a selection signal to each 15 group driver in respectively

di fferent phases and addi hg a selective printing signal to the channel
drivens in each group, ink ejection operations can be successively driven
Wit h»h tinme-sharing. ‘fs a result, a drjvi Cj rcui£ whi ch has required nm
pi eces of 20 driﬁ'\%rs defuid & Nt kW oL R GaaBNehni ch pernits

o, SSRGS Sl Y 0 WL BRHELBE e

under st.andi present 25 invention and to show how the sane may be
bERdee, At by

put infG e erefce will now be nade, for the purposes of
illustration onl ot C( i | i 'iMﬁE B i a
cross-sectional algvv gf H’% aﬁﬁ%}%ﬁﬂﬁﬁ n%i a sﬁu%%%?ef%%c%r ding to

the fipst ' ' s gl 1401, - S ' Vi ew
1T ust FEEVEROOMEERRlY BoddbuBATA e (1747 Emticdiment Soft €88 PESOHE
i nvent § g%en®3on: FIG 3 is a side viewillustrating an arrangenent of

ej ection holes &ccording to the first embodi ment of the present invention;

FIG 4 is a crosggecile dnla \tige chartcianimtrdtiseg ratdiby OREtR6éA ON
according to the first enbodi nent of the present invention; G 5is a

o1 oty e Tl wacuinension uw pudsshe dmaktioss (1
- FIG. 7 is a side view illustrating an arrangement of
O . ejection holes according to the second embodiment of the present
invention;
FIG. 8(a) is a front view illustrating a structure
according to the third embodiment of the present invention;
FIG. 8(b) is a side view illustrating a structure
according to the third embodiment of the'present_invéntion;
- FIG. 9 is a side view iliustrating.én arrangement of
éjection holes according to the third embodiment of the present
invention;
' FIG. 10(a) is a side view illustrating a structure of
K/’the'priorfart: o
FIG. 19(b) is a block diagram illustrating a driving
circuit of the prior art;
FIG. 11(a) ié'a model view illustréting a structure of
the prior art; | -
FIG. 11(b) is a view illustrating-an-equivalent circuit
of the prior art; _
' FIG._12'is a block diagram illustrating a driving

circuit of the prior art;



FIG 6 is atinme chart illustrating a driving nethod according to the first
enbodi nent of the present invention; FIG 7 is a side viewillustrating an
arrangenent of ejection holes according to the second enbodi nent of thex
present invention, FIG 8(a) is a front viewillustrating a structure <_j

according to the third enmbodi ment_of the present jpvention; FIG 8(b) i a
si de vieM/illhg ratlitndSa & r‘kﬂQ&%ﬂFﬁﬂ i&Pﬁé&?ﬁkﬂgh?@dakhﬁﬁﬁaﬁﬁﬁe of the
pregent .invention; FIG .9 is,a side viewillustrating an arrangenent of

o] oBFH S PEELR, AEGOREENG (e TR AL IIRHNGHE (PE BRESERE | nventi on:
Fl 1.S ide view.illustrating a structure of the prior art; FIG -
10?%?&8é%;°hro adiagranlillustrating'a driving circuit of the prior art;

FIG 11(a) is nodal s\ ewglsl ] u | i f ' art; FIG
11(b) is a vi E38r ﬁa'sflr A r?&ugn%é‘;%ﬂvag‘eln ALY oy ?%@’f}?%%g'%rt; FIG
12 ks:as:hko IhAJ L gl Ay i L dsVi ' ' | art;

FI Ggf ’ﬁlﬁé Qggﬂggkal ag&jJrd g‘% i ust'ItHr23 affll%éez;n a {%ffdr?]éai# chf dérl?é\;i gé%é?god
accgﬁg%ﬁg-Bﬁ the first enbodi ment of present invention; and FIG 14 is a
time ¢ ar% I'Tlustrating an alternative driving nethod according to the
first enbodi nent of the present. invention. The preferred enbodi nents of the
i nvention will now be described by way .of exanples with reference to the

acconpanyi ng ¥hevwpgsferved embodifentsy afritee divvertios wiEEL aielebei ke or

described by way of examples with reference to the accompanying

drawings, wherein like reference characters designate like or W,
-corresponding parts throughout the several views.

The fi:ét.embodiment of the present invention is a
preferred émbodiment;in_a;printing head which is in a mode of
deforming a barrier of a pressure chamber by using a deformation
caused by a Shea:ing mode of a piezoelectric element; in which is
formed a plurality of barﬁiers comérising a driving barrier 115
which drives a plurality of channels including an ejection -
channel 111 which ejects ink frém an “ejection hole 110 and a

dummychénnel 112 which does not inject .: ink and a separating
hmnﬁer]iswhﬂﬂ1conducts:an electrical separation on a substrate 101
made of_a'piezoélectric.material illustrated in FIGS. 1, 2, 3 and
4-and the upper end surfaces of these barriers are bonded to a
cover 104 via an elastic member 103. The barriers 115 and 116 are
polarized in a direction which is shown by aﬁ arrow. in FIG. 1 and
there are provided a driving electrode 121 agd adﬁﬁmy: electrode -
122 on the imner surfaces of the ejection channel 111 and the
dummy channel 112, respectively. A common channel 181 is formed so

as to supply . . ink by coupling to oné end of the plurality of

_9_



correspondi ng parts throughout the several views. The first enbodi ment of
the present invention is a preferred enbodinent in a printing head which is
in a node of deform ng a barrier of a pressure chanmber by using a

defomﬂhtion caused by a shearing node of a piezoelectric elenent, in which

is fc d I | i f barri | Si dri vj b [ .115 which
0 i ves SHABRGIS a5, SHorhdihA1ST 1 Lﬁgagmﬁgai%égﬁﬁcwifﬁﬁgﬁr mnﬁﬂ.ti@ﬁ
' i f j&ct ifan h 110, and yCch 11 i ch_does
ot 1 nFueptY 4 IRERE G, plm el ot 2&aﬁ‘%etﬁ”}*¥ﬁoﬁ‘2ﬁﬁacpgfaﬁ?la-e@ frca
: : . f ' tri ' i trate
T o, B S R R o ot EFR 0L EE nd, ﬂﬁéi%érpﬁspé A 216
bonded _ a&gﬁ' 'etﬁg1%H¥§ﬁ' Ffd vyl
a?g SOF§$F§g§g¥§ﬂ% ifﬁ%tlon' |(:f#2 s'omﬁd%§§%53§§rg§/#?ﬁﬁ?§§ % gﬁgziﬁere
' Fél.g, ggm €CALO s 0N I mner
2L(raf gggg&g%dsggd@aygﬁit?n%%gﬁﬂ%io ancﬁ’? du]ﬁgrﬁfc anne?v@l‘bf,q Fi&g f
respechhielly. theC efpmel s ae a?&?aﬂg‘éé% Y @%ﬁéﬁ%&t[&ralméngk by
coupling to one end of the plurality o channel's as shown in F 2 and
i s comghahaeled swicektaindiyntadjacentdto athé nkejéctien PEkahél Y191 &R4NHe! s
fromthe outside. The other end of the plurality of channels 111 and 112

are opseedest ofn chafinels’ dneludinie rs Pidded cofi aanjedtibdiet channebynted a
nozzle plate 108 so as to close the opening portion. As shown in FIGS. 1
and 3, cohtinhingekdthr eacty athet vis & g roisanndbtare dsetyup hbonehei s
certainly adjacent.- to the ejection channel 111 and a series of channels

i ncl udgrgum ghdcdsmoly channelds arenpdacesbrat rhotly ends eficdach hgroupaand
dugﬁ@ channel are set up to one group and dummy channels are placed at both
ends of wWhehegrbapngddseauence disadisidesyunfie n piscesidy imakimgpaecces by
maki ng a barrier between the two cqntinuous dunmy channels to a separating
bar ri SPALEser bekWpeRathe twoeeopddnupns dunmyghannels,ito aseparating

barrier 116. Dummychannel elecrodes 122 are connected with each -

other in each group in a separated state by means of the
separating barrier 116 to form common electrodes 141 and 142. On "
the nozzle piate_TOB, there is_pro&ided-an ejection hole 100 .
corresponding -to the ejegtion channel 111. A printing head 105
.ejects an ink droplet through the--ejectién hole while moving in
a direction shown by an arrow to print printing dots 107 on a
paper. The . ejection holes are arranged in such a manner that the
 centre lines 131, 132 and 133 of the arrangement of the :ejection
holes in each groué are incl-ined—aii:—agérigle @ ° with respect to the
horizontal direction so that the vertical compoﬁent of the
distance between the iéjection holes is repreésented by p and the
horizontal component thereof -is represented by kp which isja whole
number of p and, between.the:coﬁtinuous groups;-the centre line of
the _éjection.hole'arrangement of the precéding group is -

parallelly translated into the length represented by (g + 1/n)p by
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other in each group in a separated state by nmeans of the separating barrier
116 to form comon el ectrodes 141 and 142. On the nozzle plate 108, there
is provided an ejection hole 100 corresponding to the ejection channel

111. A printing head 105 ejects an ink droplet through the ejection hokJ;
while noving in a direction shown by an arrow to print printing dots 10% on
a pawsingTas é}l&@gﬁé‘nghémeﬁwr M@%ﬁm revense tonthecdpreeeeding centre

i neg, 131, ,132 133 qf .t,he arr eme of the ej ection holes_{n each
gr ou%lﬁ?ﬁt%ﬁm phche; P&'ﬁé‘ltéfigei’ﬁa.ad?vi % %‘h%e‘hcﬁ%‘b‘?ﬁ alipeseefi on

o BB cLaelRibh Boasy Bio thn i ”éfﬁ% b hE cohat Pk FLLehess by
cont#a Phbcvareifal B ostaghidd, 4iRche e dEhh *@%?ﬁﬁé%?%ust s
Par bbbl paigs! S5 Wy LD PRI f%&%(%e b ingy HhE

usi ng an I nteger rectlon ‘reverse to € procee

the prigti aQEﬁohth%eoi“tﬂer FR SRS i Olpldiced eg g ol es of

t he succee g group such that dot pitc in t ver rizonta

di regés Eioﬁf Hé]bat RS RRFEITRI coMpUifetal 3 thé R PEWant@ Qfe Biddlen ObhbNe

arrahged centre line, the first ejeCtion hole of the succeeding group is

pl acefirat tdigeeeibhl ﬁBl\éhQEe thiee siriddddiing Y Mndfthdel st ance bet'ween
the first ejection hole of the succeeding group and the | ast ejection hole

of tkejectieni holer offp thevpheseding ghivtipnranngsits dio qel i The cartdegedannel
at an end surface of the substrate is inclined to the extent of angle [err]
whi offirectioheofnthér chahhelaad an end suxfidce axfpdiie tsulidterdos i zont al \
direction and thus it is capable of suppressing the distance between the

ej ecinchihedetoattet bxtentnod angler &b i°n whigly dis rdifferantn fihem the -

sharing nunber n is increased. :
angle 6 ° with respect to the horizontal direction and thus it is

capable of suppressing the distance betweenethe- ‘e.jection holes-:
and the channelicentre.in.a given range even when the :§haringc
number n is increased.

Referring now to. FIG. 5,'a' driving method of the above-
described printing head will be explained. cummyelectrodes-lzz
areuconnected.with each other in one group to form common
.electrodes-141,;14%'and.143 and the common electrodes;are -
connecfed to a éositive electric source via cdrrespondihg’group' o ~
drivers 151, 152 and-1535 in a group by group. Each group driver -
comprises prip bipolar transistors 11, 12 and 13, and diodes, each -
of which is parallelly connected between the-cOllector~end the
emitter'of.Ehe-ﬁipclar“transistor with reverse in a conductive -
direction and the emitter is connected fO'a-positive electric
source and the collector. is connected to a common electrode of its
corresponding group, respectively. In each group,. the first:

electrode of the injection hole 111 is connected to the first



‘Referring nowto FIG 5, a driving nethod of the above- described printing
head will be explained. Dummyel ectrodes 122 are connected with each other
in one group to formcomon el ectrodes 141, 142 and 143 and the conmon

el ecttodes are connected to a positive eIectric source via correspondi ng
group’drivers 151, 152 and 153, in a gl oup by group. Each group driver
corrpnMﬂb driverr 31 s akbes second) e e3s mﬁﬂg ta ke oseodindh
i s par IeII onnects% between .t he coIIector and the emfter of the,

bi pol aFRRRB 67'3% ik glestrade s sannactad H) the hirder
![g ;oggject ed t@‘E{'Yggzhél ve Iggprl C_sQurc r%-?tﬁi‘ue .col | ector elsff n&ét ed
IPREL %@%ﬂﬁ%ﬁéﬁgﬁr 5&2“8&5@&%%%&?"?%% ]c}bahﬁbe S Fecond
i ver 348 Rrer SErhHE ByCoBpett o} pil #Hdton ﬁcg‘aP&&%% A e,

d
C(r)ln\rllggt?flagn%ﬁg bcfé%fg% Fgﬁ’??étoré %f %\/g}B and!ﬂﬁl g’& St ors i,%r%gmk%?)
and 544@”2?6‘?”47" qajgt ﬁ”§é§i8§5 ﬂ‘éspé@t:.@élir“%rf@ﬁﬂé itd®rs of p

respectlv y and t e enmitters of pnp birpolar transistors are connected to a
posi t ipipsl L€t EranSPYE6Ls 2aFle! BBnABLIERE! €0 a0boditiNeD elieRYrdlc daitdest Or S
are connected to the collectors of the npn bipolar transistors via the

resi stanid, thie@s@elléctors df thehpapl bépolarotriahsisbory paleaicdnmsttied de
45, 46,47 and 48, |lead wires which are conducted to the correspondi ng

el ect rtie el recbomscofdthe ngri bipolar thransisters via dhecxtesdlstors] t he
emtters of the npn bi polar transistors are connected to to an earth wire
of t haespartively: cEo &athrcoblettor ofnthehapn bipelar dransisbonp: Mol ar
transistors 11, 12 and 13 are successively nmade conductive for a period

[err] 48, &licand s48 v elgad dwines gwbighs arec crodustedattoqfhe ggrresponding

electrodes are connected in addition to.the resistors, respectvely -

and the emitters of the npn bipolar -transisters are connected to
to an earth wire of the elecric source. |
Referring to a time chart of FIG. 6, the pnp bipolar

transistors 11, 12 and ‘13 are successively made conductive for a

period T by suceesssively adding group selection signal Qgl, Qg92,

Qg3 and Qg4 whlch fall in a pulse width 7 and a period of T to
L/the bases of pnp bipolar transistors 11, 12 and 13 of the first,

the second, the third and the fourth group drivers of FIG. 5. with

a phase deviation (1/T) and are made conductive for the other

period. BY adding channel selection signals Qpr and Qnr which rise

up with a pulse width = simultaneous and_' synchronous with a group

selection signél to the bases of pnp bipolar transistor and npn

bipolar transitors of the rth channel driver, 'v_vher‘ein- r represents

an optional intereérselecte'd. amoung 1, 2,3 and 4, the pnp bipolar

transistors are made non-conductive and npn bipolar transistors



Q@3 and Q4 which fall in a pulse width [err] and a period of T to the
bases of pnp bipolar transistors 11, 12 and 13 of the first, the second,
the third and the fourth group drivers of FIG 5. wth a phase deviation
(1/T) and are nmade conductive for the other period. BY adding channel {J
setection signals Qor, and Onr which rise up with a pulse width v

si muPf&n € RN NG 8h Pergaslr s sthen | sigralmadre orisenbapes of

G vBRE Hhe, bR Bipalact Sralletors are MAdS GRRGTiveRdRY 1 2, 3
o Biebic MalA A WA Rl Bl e o P cihe SHRR: PORAOE or o
bi poltael, £H4 EAGORER WeRRcRh oy R9BHENY 2l TATRR 4iF 0 a o Vee Eoas e e
CncOF | 608 REh 2RILR980° cApkl 321 Rn Be” T SRITHRABYG (1o term s
o SoSEEERbhIENOL8Ni £ Bk 18 AR RAALEEIILE O 4 UBHCTAINCl o082
Lo o, SLECHESEE of tal UV CAARHLT 172 WRIRIRRLY % B BT or s Tae ©
f or eTacbrbde shHCHRb! capabieatorl piScefl] 8R! LALCHAMM S¢'dhd Nat the

electric field is applie romits outside to its Inside’l e reverse

di r esléobsodét N2eagh faler conduativeuth. adpolsdived efwﬁiiﬁ wieed -

toward the inside with respect to both sides barriers a the barriers are

def wwirel tovchargécthescdpatitabopseahichyare formed VR AW SREW 2. ),
droplet fromthe ejection hole 110 as shown in FIG 4. After spending the

ter hapariems 115i formihg bothtsbdewallt sarfaeesi of thenekjedtivrnede
conductive to the positive electric source wire via the resistor of the
charghanngl v%lchnﬂmhethlem@eetei:crﬁﬁeldsisaapp&.fi_eduﬁrioneitbs tdutgicde ti ve
a4 ecétor 'i-ictss OJ'l.JrisCiedgVi jr.r?’tt?e '@é’@éﬁie directions with each other. As a -
result, a shearing force is produced toward the inside with
respect to both sides barriers and the barriers are deformed
toward the inside to compress any ink in the channel and spew a
droplet from the 'e.-':jection.hole 110 as shown in FIG. 4. After
spending the term period z , since the electrode of the ejection
channels are made conduc_i;ive to the. positive electric Source wire
via the resistor of the channel driver and the dummy electrode is
made conductive -'tdrthe positive electric source wire, a loop of
discharging is formed between the electrode of the o jection -
‘channel and the electrode of the dummy channel to conduct a
discharging depending on a time constant which is defined by the -
- resistance and the capacity of the barriers and the voltage P of
the electrode of the ejection channel is gradt._lally increased to

the level correspondiné to that of the positive electric source to -

be equivalent to the _voitage of the e.léétrode- of the dummy



di scharging is forned between the electrode of t he ejection channel and the
el ectrode of the dummy channel to conduct a di schargi ng depending on a tine
constant which is defined by the resistance and the capacity of the
barrlers and the voltage P of the el ectrode of the EJECtIOH channel is

grad? %@@é@éiﬁ%"d@é&%@%@% i ST At & AP BREp ot Re s
barr | oPERual 1T 3o SEHY R LINEL N ded *&@%ﬁﬁegi ate. when
g;: \r/llt Inggrrg%/hgzl nwthwlﬁéﬂ;)erl hggﬁ?&l?‘?grou? won Sl gngﬁélféigég ﬁed by

T= p/ vtpBeabole\ detRrabadl ard vi g hgr iR dopf béhep r%éh&g PeSE. th hd n%%uﬁ.py -

noves to the extent -of p in a perio or printing dots con

a vertségbcqlbgpgugﬁalt&g de¥d nedy shifted to the extent of kp.in an

| denti cal group, he-dot i1s prinfed from the (r+ 1) th ejection hole
after a | apse of T=p@id Qds since printing fromthe rth ejection hole and
the two adj acent dots are stood in a vertical |ine. Wen the adjacent

ej ection hol es bwherginovt representiscd ghdfits ratd iof the @riniting head,
printings fromthe adjacent ejection holes is represented by (s+ 1/n)T
wher ei the hepdemowes &o. thei exientnodger insianperiivd .diindkf@hgueintifgr ence
between the adjacent groups ampunts to (1/n)T after printing fromthe

pr eceddﬂﬁs epptinugusdyeinnacwertical direction,ndherheddmahoershiftede

printi Ehad shifts to the extent of (s+ 1/n)p. Here, when selecting s as
i s rep es eegxgyng—o +kp . in an identical group, if the dot is printed

from the (r+ 1)th 'ejection hole after a lapse of k periods since
printin§ from the rth_-éjectibn.hole and the two adiacentfdots-are-
stood in a vertical line. When the_adjacent-,ejection;holes-belong..
to the separated groups, a time 1nterva1 for prlntlngs from the
adjacent . eJectlon holes is represented by

(s+ 1/n)T

wherein s represents an optional integer,
since the driven phase_difference between the“adjacent groups .
amounts to (1/n)T after printing from the preeeding.jejection hole

k/”in case of n time—shariné ~and, for the while, the printing head

shifts to the extent of (s+-1/n)p;-Here,:when-selecting s asis
‘represented by = '

s=k+ g o . _ .
the shift distance of the printing head amounts to (k+ g+ 1/n)p
and corresponds to a horizontal component of -these distances when
the adjacent egectlon holes.belong to the separated groups and
the two adjacent dots stand in a vertical line. Thus, printing

dots from the-whole--éﬁectioniholes_can be stood on the same



the shift distance of the printing head anounts to (k+ g+ 1/n)p and
corresponds to a horizontal conponent of these distances when the adjacent
ej ection holes belong to the separated groups and the two adjacent dots_
stand in a vertical line. Thus, prlntlng dots fromthe whol e ejection Kojes

i tREEkoel Thaeosn ?Eﬁeomﬁé%h%%i iy Re; Vet S&xmma”ces A b
or | 90 SorESandngctR. e oySLEIREL  pHubhels ??%“nt} 3 re“f'eﬁq%"fej ecton
g?!ip |]\'(,:g§cgtr:1gb%é§| nﬁ%r&%ﬁ%ﬁéggo s%’??gérlybay SUCCGSSI Vel dﬂ;w ngrr!ta:uraI ”
¢ PR Qs TeaR B indd FoBL PEPECEmLAG e ?‘i’ih'ﬁlg*éa!ﬁ bt e

repr: @Pox?m&feé NGien ”Qeﬁlﬁé iﬂ@eﬁ'(rh!ebi ithe' iiéﬁ:‘%ﬁﬁ‘t'led 'I'Hhé Mthd) .

t hough” the sum o ejection holes 1s represented by m. "t he present

enbHdiEd dradd matFx PgLaplEd éannbé. peiated &muewtddt@ Yoidith tgus
t he nunber of drivers anmounts to 8, while the sumof the ejection holes

anoy succddsively debving the Dnkbesjeétdonyeperatiomiuatddly hal f
conpared with the prior art in which it was required as nuch as the sum of
ej edorredponds feof the | @ach asigiil s 18£ abHeléachn wilthe mn &fimes- shainsing. et hod
of the printing head according to the first enbodi ment will be now

expl ai ned. A (#hemltheg mimbermgf cthet rejectionahglesy i @ gnoupctiesd with
each other to formcomon el ectrodes 141, 142 and 143, respectively and the

comnepresantedidy ane the munbker tof cthecdpiversgis sepresented by, 152 an
153. In thedgioup drivers, pnp bipotar transistors 511, 512 and 513 and npn

bi poimg R)arkhaigh st 1sum of Jbke 5)3jeetiennhedesd iisn repriesentiad hahe
mn. In the present_emhbdlment, n and m are presumed as
n=4, and . ...
n=4.

respectively and thus the number of drivers amounts to 8, while
the sum of the ejection holes amoﬁnts to 16. As a result, the .
number of drivers is reducéd by half compared with the prior art
in which it was required ésfmuch as the sum of ejection holes. -
Referring to FIGS. 13 and 14, an~?élternative driving
method of the printing head-éccording-to'the-first-embodiment'will~-
be now explained. A.plurality of dummy eiectrode5~in a group are
connected with each other to form common electrodes 141, 142 and
143, respectivelﬁ.and the common electrodes are connected to
corresponding group drivers 151, 152 and 153.! In the group
drivers, pnp bipolar transistors 511, 512 ‘and 513 and npn bipolar
transistors.SZf,.SZZ and 523 are connected in series with the
collectors and emitters of the pnp transisto:srare connected to a

positive eiectric source and emitters of the npn transistors are .



collectors and enitters of the pnp transistors are connected to a positive
electric source and emtters of the npn transistors are -15- connect ed
to an earth wire of the electric source, respectively. Furthernore, to the
pnp ngoIar transi stors, diodes 531 , 532 and 533 are connected between

Lo cactOBRREFSCtPIRRIRaEEE. HiFE BEr kB Slpdtra chiinds V%?x&é%ﬁi%ﬁf%i?“ w
connect BhERAEnBPE, 0L, HhOCRER' Bialal, Hansibnaly Bl i S enducs
O o 15533 CRE 0 °50AREERIThRYRB R EHek B Lo 1B, Ynd A EORE Dol Nioieing .
made enbpr deol@iickivelaifagtREng! 8adbrsen tol P Wt il Iy e 1 rst

el ectrode of e groups Is connected to the first river 541, an

el ect r@pgcefi&heuspeRtdif! eﬁéreeeesf-ger aaieb%&%g{lggﬁfgzeaﬁé%x?;f&s’f‘dthe-

channel driver 542, an electrode of the thir er eo

conneqprgsl Xansbstdisda@athe! nphi ¥Pansidtand Whi@tﬁ%ﬂé)%rﬁfeédfﬂ?dfﬂ&'” h

el ectrode thereof is connected 1o the fourth channel driver 544,
respecseriey . witle ¢achnetheéri aeescoifectéd. todThe&dmitbre e EF oIS O

current-run-off circuit which is made by connecting the emtters of pnp

bi pol dtheimncortespondindegroepsr sachothat theyceancdie wvitidired rasitier s
561, 562,. 563 and 564 to the collectors of the pnp transistors in series
and a pesikive selectricnsoircei or whehearsthadadbtheobasts myrd ommedted s
of npn bipolar transistors to the earth wire of the electric source. The

| ead vandAmy mady 2todre dniverribyftheccommonnsignaloff circuit are
cogﬁécted to the driving el ectrodes via_ diodes 581, 582, 583 and 584 which
are connected i rAneled i 121 ovhichi 8 thehfisspeelecdrode sifedihales of

the ejection channels., The lead wires, 575, 576, 577 and 578 of the current
attra@mqﬂquiﬁnﬁqngggtggn ¢ f{rst channe ~dr£ver-541,'an-electrode=~

of the second electrode thereof is connected to the second channel
driver 542, an electrode of the third electrode thereof is
connected to the third channel driver 543 and an eleétrode of the -
foﬁrth,electrode?thereof-is connected to the fourth channel driver
544, respectively. The channei drivers 541, 542, 543 and 544 each
comprise a current-run-off circuit which is made by connecting the
emitters of pnp bipolar transistors to the electric source ‘and

\_ connecting the resistors 561, 562, 563 and 564 to the collectors
of the pnp transistors in. series and a current-attraction circuit
which is made by cqnnéqting the emitters of npn bipolar
transistors'to_the earth wire of .the electric source. The lead
wires 571, 572, 573 and 574 of the current-run-off circuit are
connected to the driving electrodes via diodes 581, 582, 583 and
584.which are connected in the conductive direction with respect
to the.elecrodeé,of thg _ejectiqn~channels. The lead wires 575,

_576, 577 and 578 of the current attraction circuit are connected

—16—



to the driving el ectrodes via di odes 585, 586, 587 and 588 which are
connected in the blocking direction with respect to the el ectrodes of the
ej ection channels. Referring to a time chart of FIG 1 4 if thereis
conducted a fourth tine-sharing drive in which 4 groups of the first ggbup
to the fourth group are driven in this order, group selection signals g1
Q2 koQkkeadrivingielsctuasies suip Wiades 8Hul 886w 8BR and| 688] whidha
period of (1/4)T are applied to the bases of {he first, the second, the
t hi RFeafonneCted, 1, the, blagking direckinp whtl eespecti ke $hg transistors
[err] and the npn transistors are

%Ssiggﬁa‘%nﬁﬂig %ﬁ’telc x%f%jarﬂ’{ M%ﬁ the pnp transistors are held )
conduct ve WeBedie hass U iip AN e SR eiebied b o
P! BBl MR A At S Y ROl P, LRl EEL B e
*LptHB 2B Guty B B0 Oy RS S ol B g

o R, 892 S O3, B R I e e L P e S ot e
hangndt 8. bb@ibﬂs-%_fOf(ﬂ/h%]'I?@teibi 1dled Y Hlsd Bases Soﬁfldﬁé first, the -

channel -dri vi ng signa whichis risen up with a pulse width of [err]
synseconds - thet thigido ands ¢hes ifourth grouprdnivers |assshowaeih RIGLNK -

ej ection signal and the npn bipolar transistors are made conductive for a

t er h3 pf ther phpwhkranstiistorsnare mades eronsecandiictivesfier nanteomdoft rve for |
the other term In the termwhen the channel-driving signal is risen up a
an and thecnpontragsiistiorsparee made oondusthivelicfer thisrtermiz-, but

the pnp transistors are held conductive when the bases of the

selected groups are applied and pnp transistors are given
successiveiphase.shifts.of (1/4)T without applying a”pulsé. By -
adding a channel-driving signal Qpr which is_riSen-ué-with a pulse
width of 7 . syncronous to the grouﬁ selectioﬁ signal to the bases
of the pnp bipolar-t:ansistors of the rtil channel driver, wherein
r represents an optional integer selected among 1, 2, 3 and 4, the -
pnp bipolar transistors are made non-conductive for a period of =z _
when the signal is risen up and made conductive for the other ~
term. On the other hand, to the base of the npn bipolar
transistors; is added a-channel-driVing'Signal Qnr which is risen-
up with a pulse width of 7z syncronous to the group seleétion :
signal only wh+<: is present an ink 'éjectibn'signal and-the npn
bipolar transistors are made conductive for a term of = when the
signal is risen up and are made non-conductive for the other term.

- In the term when the:channel-drivinglsignal is risen up

and an ink' ejection signal is present, the electrode of the rth



ej ection channel in the group selected corresponding to that termis nade
conductive to the earth wire and the el ectrode 122 of the dummy channel

form ng a counter electrode of the capacitators which are di sposed on both
sides of the electrode is made conductive to the positive electric source

wi re¥nd .charges the capacitators formed by the two driving barriers 115
whi ch beilestipnhchanrel inthe group 1 selected: corresprnding tosbata term

manner that an elegtric fiekd.is applied, fromthe outside of the
capaci tief Jade canductive o e fayh twire .andsEhei plectzrdenil e’ efcikhe

oo Ay el TR A 1R SReELon]! B b RBR B AR o (e
rom « ABLEH B AR 1 e SRR R A a7

P onaucbapeci VR, o e poditiNe IH RIS, 400REbRLFE  3R80PRERge8, ThRS)
dri . , : ihoal 3 '
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Lleot 1 OU walll WEEIES S RDCS flctibh ahn8ls ATREER Y maflfier that
di schaggy @1 et ra@ IR ¥ (dpp ildd XN SERO  oBEE £481 BEOLRY &BﬁF&iEia% £s

and the capacity of 'the barriér and thus the voltage P of the ‘el ectrode of
the ej ¢of thie dhxid tiferdcEual lthd Tewasssl dipsrtiensewethobatheothet) to
the level of the positive electric source and is nade equivalent to the
vol t ag@sofa resullt;cla ahearf foreel Usnprosduced . téwapdptheciinshdeewith,  t he
de mation of the barrier is gradually decreased and is returned to its
or i gi nrespesatte toNeachnbardier; oft ibotlsigindes i andbthetbarriénsgang current
Is not run to the capacitors which formboth barriers of the pnp and npn

transi deformedd inhdheolinngsr ¢indetisns thodzompresseny] tnk i tn the

channels and spew a droplet from Pygm;ajection holes 110 as shown -

in FIG. 4. Subsequently, after passing the term 7 , the electrode
of the éjection-channel.is made conductive to the positive
electric wire via the resistor of-fhe channel driver and, on the -
other hand,-the dummy electrode is made conductive to the positive -
electric source wire via the diode of the group driver. For this
- reason, between the electrode of the ejection channel and the
electrode of the'dpmmy-elecfrode,_is formed a loop of discharging
and a discharging is conducted with a time constant determined by
the resistor and the capacity of the barrierfand thus the voltage -
P of the electrode of the éjectidn channel is gradually increased
from the level of the earth to the level of the positive electric
source and is madg equivalent to: the voltage of the electrode of-
the dummy source. Accompanied therewith, the deformation of the
barrier is gradually-degreased and is returned to its original

state. When an ink ejection signal is absent, a charging: current

—18-



channel s are nmaintained the |level of the positive electric source since

t hey are made non-conductive. Wen the group is not selected, the voltages
are made equi val ent and a chargi ng current does not run even though the
common el ectrode are nade conductive to the earth wire and the npn ;;
transistors of the channel driver are nade conductive in the term[erri{™.
Loop isunodnirunbdiovdthe asiipscerttons ahpichiofiormrbothbbasniershey ghe phecked
with each other by the diodes connected to the el ectrodes. The second
enbo@hde nPlotramsistensandkhe ivol tage of tbe ebectrodeswef htheekeatior to
FIG 7. This enbodiment is sinilar to the first epbodi ment except that the
ar r afhanngilse aeo Madntained the Jevebwfisthe pasitiverelectris spurce

ej ecti,on h h The arrangenent of an injection channel 211, a dumy .
chanﬁépcﬁlg ey @reyi %M‘@W%‘ﬁ?a separatihg barrier 216 is sinilar

to that of theﬁ%&p» nbodlnent e dr gggd ﬁgod [ this enbodi nent i s
ZiP}L?;nLg ¥han1 e f| ﬁ?¥§LbS§PgELt mn be éh I:[Eed ﬂgeﬁgr§eamﬁ f22~0f
a'rraﬁgea 21208 b ot chRrsie EHiny deef ad ﬁr%g%z?lef??:%lt Fhecenect
_ 1
e+ ahgmoR, 18R s At adh q"q&@*&qﬂ#‘z‘i}@tﬁgc@ﬁ"%ﬂfﬁne& élangsé‘ﬁezggnﬁnd
¢ oapBrphBEsERES, b8t AY Chafiie] ML S Miadd Lothulfy FO0LE LR both'

d .
it ; WESPLEBrOREA RS0 0 g G0 it b oSkt
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is made to a centr ine o arrangement of t succeeding e jection
hol egletbragelg. an arrangenent, the distance.of these centre |ines between
t he adj acent groups which corresponds to the distance in the verti cal

direction to tfhe second embodiment of the present invention will be

now described with reference to FIG. 7. This embodiment is similar
to the first embodiment except that the arranged*dirgdtion of |
channels corresponds tb the centre lines of éjection“holes. The
arrangement of an injection channei 211, a duﬁmy.channe1-212; a
driving barrier 215 and a separating barrier 216 is similar to
that of the first eﬁbodiment. The driving method in this
. embodiment is similar to that of the first embodiment. For this
reason, only a point of differehée from-thé-fi;st embodiﬁent=willb ~
be explained. In FIGQ-?,'the arranged direction of channels is
inclined.at an angle 8 ¢ with respect to the horizontal direction of -
printing, the e3jection holes 210 are arranged in such a manner .
that_the-arranged centre lines 231, 232, 233-and 234 of the
ejection holes in a gr-.;oup are inclined at an argle 8 ° with respect to
the horizontal direction of printing dots and, between the
adjacent groups, the centre line of the-precedihg-group is

parallelly translated into a length represented by (g+ 1/n)p to -



centre line is presuned d, it is defined by d= (g+ 1/n)psin[err] and the

val-ue of d decreases as the decrease of the values of [err] and g. In the

present enbodi nent, the values of n, g, k and sin[err] are selected as

follgﬁ n=4 g= 1. k= 3, and S|n[err] = 0.27 and d is represented by d=
Thys,

i e et
i Rl i e e el
2p or Hbr EPSnHUEHASIENE % EBRLGN MOkEs can o 2 A ARy anetFy End,

o oBE b HE AR P s ST SR ity
e bt ok Bo e8P RRIR e ot S HYAY dbipdeRe 09 bhg ot

of theg gh%§gni%%gv§gt ?ashﬁgﬁrHye&tbiéﬂaﬂfiﬂgd driving nethod described

inthe first e rivilng circult can be sinplified. Subsequent |y,
rererence to ok S0k VBIBR AP A 1o Thi's third enbodinent (6 an
exarmland)fthéevalﬁéeef dngeBreaRels" ad Rhiendettduyl off theOeEl wés dgf opmi ng
a cove;né) ..
Q,; In the present embodiment, the values of n, g, k and

sin@ ° are selected as follows;

n=4.

g=1

k= 3, and

. sin@ °* =0.27
and d is represented by
.d=0.33p.

Thus, if the depth of the channel may be some greater than the dot
- pitch p, the situation of the esection holes with respect to the
\“/channels does not project from the bottom of the channel though
they are step by sﬁep'fallen down and the arrangement:of the -
fourth éroup is. made possible. In the present embodiment, the"
depth of the channels is taken up;so as t be 2p or more-end thus -
the j;jection.holes can be arranged with sufficient allowance. If
the printing head of the present embodiment is driven by the -
driving method described in the first embodiment, regular interval
dot matrix printing can be performed in a time—sh;ringf way based

on the same principle with that of the first embodiment. If the



pressure chanber in which ink is charged by using flexibility caused by
a bent node of a piezoelectric elenent. In FIGS. 8(a) and 8(b), there are
provi ded on a substrate 301 the first channel 302 which fornms a pressure
chanber, the second channel 303 which forns ejection channel and the tﬁrfd
channel 304 fromwhich ink is introduced. The second channel 303 is |iTed
up pnintpagetead ofie thedpreseate inverits onlis rdiriveroby eeans ofir thee,  a
nozzle plate 305 is nmounted and an ejection hole 308 is_provided on the
nozdrivingt sethodedpsouibed: dn Khecjfdnistorenhedinenozxa dniviegupper
surface of the substrate, ,a tin plate 306 is nounted and, on the upper .
sur¢beeuit ear benspmpldfigdazoel ectric el ements 307 are respectively

DRt o REREENIEENE: L KR S0 SUE N,

" btnloh R 0BG 5853 B e s, BERLSRULD B,
PSSR P2 P AoREE S knfc b 18 SLPSEILE A SRS prsElen 1T
o S8R 10h i OpRAGL PR RARY 1B B'Hodh B RicEing £ Cofiptor ahe

| NGh-aeEPd éﬁaﬁﬂgkeibe&hiﬁhmhihﬁsa%% i HP U SHY aﬂé&t'diﬁfiiey of the

prifnting -21- ots so that the vertical conponent of” the distance
betymesed N6y 28] BERB! mode] 8£! hOPiBLLR] eV EHIY elemehtdn EIC®! | g 08 -2l

conponent thereof anmobunts to kp which is a whole nunber of k and, between

t hearpdlj &(18)} thevesaréhproeied bhna substratjiedliorthelfirst aclgammel of
the preceding group is parallelly translated with a length represented by

(91302 winidly fsrmg anpressgee choamber] tthe decorid wharmet s303 olitieh

proceding direction of the printing head to be an arranged centre |ine of

t hefatimstiojetbtion chanhel sandethienghdrduchamielordthLron aftyech cent re

'lIrgﬁktig{{ﬁégéduceﬂ..The second channel 303 is lined up and opened
on one end surface of the substrate._On the end-surface,'a nozzle
plate 305 is mounted and an ejection hole 308 is provided on the
nozzle plate corresponding to the ;@jection channel 303. On the
upper surface of the substrate, a tin plate 306 is mounted and, on
the upper surface of the tin plate, piezoelectric elements 307 are
respectivelf mqunted corresponding to the first changel to form a
head 300. An equivalent.circuit of the pieZoeledtric element is
made to a.parallel circuit of the capacitators as shown in FIG. 12

: énd is sheared with'h pieces to be n groups and 'n time- shared: and
driven to reduce a volume of the pressure chémber'by driving a
piezoelectric element, spew an ink droplet from the'%éjeCtion hole
ahd perform - dot printing. In FIG. 9, the e.jection holes 308 are
arranged in such a manner that, in a group, the centre lines 311
and 312 of the arrangement of the e jection holes are inclined at an

angle @ * with réspect to the horizontal direction of the printing



ej ection hole of the succeeding group is arranged at the position where the
di stance between the | ast ejection hole of the preceding group and the
first ejection hole of the succeeding hole is represented by p. The

-

arrag&gd direction of the ejection channels is inclined at an angle [err]
w t h)¥espect to the horizontal direction of printing. In the present

enbodi dotls sohdhat udfe ofertidal Tanisbriert cofethet dilsBante! betweeh™ 4he™F
3, g= 0 and k=1 If the distance of these centre |jnes between the adjacent

e eeae e g o ) pe 1o 514 por e ot
Fur t hethereofi amounts riar kp avhicchyics entwhdl e leunber aof ckbandg ebelwpanent
groups.is presunmed to be defined as D, D= (g + 1/n+ k)p= 1.25p. If the
peri odthe addagent weups, dhecgnirs ikine t¢ﬁethﬁar6=ﬁlgcti03eﬁ0%edef i ned as
T and the phases of these signals are presuned to_successively shift to the
ext ent asrapgerent, afdhe precedinge groyp-is paraliellydtraesiated with a
ol ¢ | 1oRdth FepPERADted P (i /MaLBY WEHRY 1A 1REeqer o9  hoveadcthee
di ot anbEBEE R FEveEse, o0 Fher SHIGRLLID B o, oF : Fon Peratibonheed
3Lk Y SR i LR Rl ol AL
ot | SAELBRLHC o " O R, Sl Tk e s LA, LT
p’gE?CQQSScEESn hole of the succeeding group is arranged at the position
where the distance between the last ejection : hole of the
preceding group and the firs£ .ejection hole of the succeeding
hole is represented by p. The arranged direction of the ‘ejection
channels is ﬂxﬂimaiat?namﬂe 6 ° with respect to the“h¢rizonta1 |
direction of printing. '
In the present embodiment, the values of n, m, g and k
are selected as follows; |
n=4, m=3, g=0 and k=1
. If the distance-ofzthése'centre lines between the adjacent groups
‘ﬁhich cortésponds’to.the_distanééﬁin a vertical direction of the
¢ 1line is presumed to be 4, |
d= (g+1/n)psing * = (1/4)psind5=0.17p .
Furthermore, if the.horizontal component of the distance between
adjacent grbups is presumed to be defined as D,
D= (g +1/n+k)p=1.25p .
If the period of the group selection signals in a time-sharing .
drive is defined as T and the phases of these signals are‘presumed"

to successively shift to the extent of (1/4)T between the adjacent



whol e vertical conponent of the distance between the each adjacent ejection
holes .is ensured to be the distance p. And further, in the present

enbodi ment, the nunber of drivers is reduced from 12 pieces to 7 pieces_by
using a time-sharing drive. It will be apparent that the present inverg|8n,
as; descri bed above, makes it possible to performa tine-sharing drive® i a

pi ezgebepis’ ahid thd Shifaddbe UsidE the 1e8ad Nils "Peesanddt Bgspeontributes to
the decrease in cost and mniaturizing of a printer systemby sinplifying a
driving circui wv=efp/L printing head and it can conpensate for any _
non-uni formty of the distances of adjacent ejection channels and a shear

i n pprinting fremtheh subsesuent byejections Hral e nis ahadécpossibbaninl s of
the printing head by .neans of an arrangenent structure of the ejection

hol egheosnmleeg'mmsmm fdmfeo Mitshd apsed i sincé the printingi of a
conpletely simlar pitch by using a tine-sharing- drive and, when .

ti netbrapregeding vengckiomhale: anshhand 113 cshifted vith-the dispanaei ng
head of a EkgfoeLectnic ink jet printer using the shearing npde, the:

ar r aRg@néinthe: r edegtdosr fnem the subsequant crieakionkeke isvBadeon
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description and al [ "changes e ) | . N
whole vertical component of the distance between the each adjacent
¢jection holes is ensured to be the distance p. And further, in
the present embodiment, the number of drivers is réduced'from”TZ

pieces to 7 pieces by using a time-sharing- drivéﬁ

It will be apparent that the present invention, as
described above, makes it possible to perform a time-sharingg
drive of a piezoelectric ink jet head by using a shearing mode and’
thus contributes to the decrease in cost and miniaturizing of a
printer system by simplifying a driving circuit of a printing head
and it can compensate for any non-uniformity of the distances of R
adjécent e.jection channels and a shear iq printing_ﬁime which is
caused by group-shearing of the ink channels:of the printing head
by means of an arrangement structure of the ejection holes to
make it possible to perform the printing of dot matrix with a
completely similar pitch by using a time-sharing - drive and, when

time-sharingly~ driving an ink jet head different from the



N

come within the nmeaning and range of equival ency of the clains are therfore
I ntended to be enbraced therein. -24- CLAIM5S 1. An ink jet head of a
printer, said ink jet head conprising: a plurality of pressure chanbers
Juxtaposed and 5 aligned in a first direction on a substrate, said

B ankasabl Tt of Pe et Db ont B! ubl e thec, o &

b1 6700 DA Aadye e Ak Aerent, SErasiice pohi hia Figckippunslesy of
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def or mppdj Q0 nﬁ’dﬁ‘ﬁ %@@%ﬂy gé;;&gfiéfy ﬂzgg: gﬁgossgci'ec

defornable channe S SO as to se ectlve

plural ith ebmiods Proble % A Yidich smdeqﬁr&ﬂt Yo ftﬂ{eﬁgﬁfgeiggggggs

are separated into n groups, ere n s an'integer

sai d gaeseribRIA AN Fdphdde dildichdr Yatlerft m@cl 2 Saiuxgsh chanbers whi ch

ej ect ink through a 2 correspondlng ejectio ozzle plate
and a R6BT780IMWYEE,, dumy pressure chanbers which do not eject.ink, said
ej ection pressure chanbers and said dunmmy preSsure chanbers alternately

arranged in eachThee imwéntlon may be embodied in other specific forms
) without departlng from the -+ essential characteristics
" thereof. The above described embodiment are therefore to be
considered in all respects as illustrative and not restricti#e,
the scope of the inyentioh being indicated by the appended claim
rather fhan by the foregoing description and all changes which
come within the meaning and range'ef equivalency of the claims are

therfore intended to be embraced therein.
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n groups such that a dunmmy pressure chanber is 30 interposed between

adj acent ejection pressure chanbers within eaﬂmumnlmﬂﬂm s and such
that a dumry. pressure chanber is |located at e mgf each i
said n groups; wherein a separating barrier is 1ocatéd Betiween 35 eachkpalr
of dummy pressure chanbers | ocated at the opposite ends of each adjacerit
pair of said n groups; -26- wherein'®aid el ectrodes include a plurality
of comon el ectrodes respectively coupled to the piezoel ectric defornable
channel s OQL@Q¥Ldunny pressure chanbers of each of said n groups; 5
wherein, wthinicagh dnksajet MeEHOUPS, atpeirtee] i sgailioiag gttsaeddnozzl e
plate are allgned . n a second direction which extends at an angle [err]
relative t5°RPRGFEESHt al print direction of said printer, where 0 < 0 <

900;|10 I w?epduraﬂntyqﬁfnpmpémﬂmeemhaﬁberenyun;afbsed haldes oI sa:d
nozzl e pla ng.a e gro [ 0 a vertica
print dlgre%:t?lgﬂ gf g'gla:&d%%":s{] dlpécgfé:rgn&?aéﬁt %%%% p¥g erein the

spaci ng bepﬂmmlaaya@éntpr@mre)mh@nbnﬁr@sdgflsaddbyroazpéupa&ﬁey Wit hin
each of sapg Bl&&%‘é&%’ct&ﬁ”cﬁtdé/&ﬁﬁhﬁf@ él?éﬁﬁ&ﬂéaﬁuﬂf ngQar ghki on of said

printer is kp, where IS constant; and whereih adjacent palirs of
ej ection hBF-éSnP-éc&'Peﬁad{d tﬂaer%qopfblsmfétmsawﬂ adiua%é?a% B&RES of said n

groups 20 abee&aﬁgednawetnlrr@ B \eEad éflesiriw;zpun{:ahayl 8t direction of
said p{bntplezgeiectr%%P%F @%gﬂiénéhannéis, saldagoég e piate
having a plurality of ejection holes formed therein; .
a supply channel which supplies ink to said o/
plurality of piezoelectric deformable channels; and
electrodes coupled to said plurality of
15 piezoelectric'déformable channels, said electrodes for
selectively applying drive voltages to said'plurality.
of pieZoelectric deformable channels to- selectively
deform sald plurality of piezoelectric deformable
channels so as to selectlvely alter a volume of said
20 plurality of pressure chambers; o
wherein said plurality of pressure chambers are
separated into n groups, where n is an integer greater
than 1, each of said groups being formed by a plurality
of ejection pfessure chambers which eject ink through a g‘)
25 corresponding ejection hole in said nozzle plate and a
plurality of dummy pressure chambers which do not eject
ink, said ejection pressure chambers and said dummy
pressﬁre chambers alternately arranged in each of said
n groups such that a dummy preéssure chamber is
30 interposed between adjacent ejection pressure chambers
within each of said n groups and such that a dummy
pressure chamber is located at each opposite end of
each of said n groups; | '
wherein a separating barrier is located between
35 each pair of dummy pressure chambers located at the
opposite ends of each adjacent pair of said n groups;



2. An ink jet head according to claim1, wherein said-fi+st—diTection

extends at an angle [err] relative to 25 the horizontal ' ' W““ion,
where 0 < [err] < [err]. 3. An ink jet head accorg‘!ﬁ“\m\\g“‘ r 2,
furth@r conprising drive nmeans for driving said n gr cOMmy I ree- shar e
basis™ 4. An ink jet head of a printer, said ink jet 30 head having a
plurality of pressure chanbers juxtaposeénd aligned in a first direction,
wherein: said plurality of pressure chanbers are sgparated into n groups,

where n is an int ey@erionsiid ieleatredes bickede grplpsabitwgofor ned by a
plurality of ZBmAloRCldlUtd¥RENS éW&g%Jfé&Céo' Elfe! Nr ough a
correspondi ng ej ection hgle and urality o nmy -27-. pressure

chanbers whi cR1§&°fdELETEG qerﬁer?@éﬂcﬁ Shannehs kst edenaybpresantesai d
dummy pr essur ehahbeler RldRINBE a0 mangesups); each of said n groups such
that a du pres_s% chanber, .S i nterl_ﬁo%fgiﬁl?fév\eenéaii@gcenteS ej ection
pressure cRanbers fiert e adH WH% 3f dhf t hea dumy
pressure chanbgecksohotaled @Efsaﬂd(nukﬁ?éeﬁfﬁﬁﬁoﬁﬁE%ﬂﬁgéggaiﬂ ?hggggfg
focat od at | {rac5ssdl aiaelicion SR SACHEE A mn 48T L FEFE R ups: o
plurality of Eenfohoyigontedepriatpeiimieat ior il sid @tirtermyheressure
chanbers of egch gf .S@ipd,n groups; wherein, within each of said n groups,
the 15 ejection hol es aré aligned in a second direction which extends at an
angl e [ert} rel ati¥Bersin Kbe spacinghietween adjacent ejection
] holes of said nozzle plate, along an entirety of said n
k; groups, relative to a vertical print direction of said
printer is a constant distance p;
wherein the spacing between adjacent ejection
15 holes of said nozzle plate, within each of said n
groups, relative to the horizontal print direction of
said printer is kp, where k is a constant; and |
wherein adjacent'pairs_of ejectidn holes located
at the opposite ends of adjacent pairs of said n groups
20 are spaced apart relative to the horizontal print
direction of said printer by a distance (k+1/n+g)p,
where g is an inteéer. “ |
2. An ink jet head according to claim 1, wherein
said first direction ektends at an angle & rélative to
A 25 the horizontal print direction, where 0 < & < 8.
3. An ink jet head according to claim 1 or 2,
further comprising drive means for driving said n
groups on a-tiﬁe-share basis. ' “
4. An ink jet head of a printer, said ink jet
30 head having a plurality of pressure chambers juxtaposed
and aligned in a first direction, wherein:
said plurality of pressure chambers are separated
into n groups, where n is an integer greater than 1,
each of said groups being formed by a plurality of
35 ejection presSure:chambers whibh eject ink through_a
corresponding ejection hole and a plurality of dummy



direction of said printer, where O < [err] <Tferrts—wherein the spacing
bet ween adj acent ejection holes, along an en'pliﬁgJ of said n groups,

relative to 20 a vertical pri nt direction of E,n”ﬁ"m“u a constant
di stance p; wherein the spaci ng between adjace | L mnthrg;'

each of said n groups, relative to t f horlzontal prlnt dl?edtlon of said
printer, is kp, 25 where k is a cons Zht: and wherein adj acent pairs of

ej ection ogl.t J AC t aiurs of said n
ng oups arg) spacedéaéﬁﬂ[gé %hghg(gﬂtéésg?g ggregtz:o% al %Ig'l SSEHTHn by a
di st ance @Fﬁﬁﬂﬂ%ﬁ[ﬁhaWhﬂlﬁgﬁm@ sdidodumnygpressure shamblerset head
aCCOfd'n9é¥%é¥ﬁH€E¥P %ﬁ?ﬁ nta deabhshfdbaﬁﬁthOBr%ﬁF%n%%dﬁ éﬂﬁ @angl e

[err] relative to t print direction < [err].
6.  An i fk URM IR R @W%r cigi intespogedsbesypenaadiacetas

her ei nBef @Rl iheskshtd sldmbersewiehiandadh 8FOWRiIdNn YrduPsAW ngs.
and such that a'dummy pressure chamb2r is located at
each oppos1te end of each of said n groups;
a separatlng barrler located between each pair of
dummy pressure chambers located at the opposite ends of
10 each adjacent pair of said n groups; '
a plurality of.common electrodes respectively
coupled to the dummy pressure chambers of each of said _ gJ

n groups;
wherein, within each of said n groups, the
15 ejection holes are aligned in a second direction which
extends at an angle 6 relative to a horizontal print
direction of said printer, where O < 8 < 969;
wherein the spacing between adjacent ejection
holes, along an entirety of said n groups, relative to
20 a vertical print direction of said printer, is a
constant distance p;: _
wherein the spacing between adjacent ejection
holes, within each of_said_n groups, relative to the
horizontal print'direction of said printer, is kp,
25 where k is a conetant; and
wherein adjacent pairs of ejection holes located
at the opposite ends of adjacent pairs of said n groups
are spaced apart relative to said horizontal print
direction by a distance (k+1/n+g)p, where g is an
30 integer. _ _
5. An ink jet head according to claim 4, wherein
said first direction extends at an angle & relative to
the horizontal print direction, where 0 < ® < 6.
6. An ink jet head according to claim 1 or 4,
35 substantially as hereinbefore descrlbed with reference
to, and as shown in, the drawings.



