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_1- DROPLET DEPGCSI TI ON APPARATUS The present invention
rel ates droplet deposition apparatus and in an

i nportant exanple to ink jet print heads and, in
particular, drop on demand ink jet print heads. In a
known -construction, described for exanple in EP-B-0
278 590, 5 channels are forned in a body of

i ezoel ectric material and droplets of ink ejected,
DROBLET.DEROSIHONAPRARATIS coust i ¢ vave in the ink

channel , generated by deflection of the channel
wal I's, Such a wall-actuated structure advant ageously

al | ovlge PespRidiveptiaRlatesdserietiispasiipnanspigiusaad 4 aar r ow
lﬂlﬁéﬂérﬂ eRArh§18 to Ak jet B k& dnaNinWaktitusH %Fb;ﬁorﬁd%%a‘ﬁﬂ iMabt

gﬁtructlon is that actuation of a selected
AP by wal | di spl acenent can cause pressure

h h | ed
7 er o008 K oo 8 Wad el s SRR T B B8,
chanels aratfororedliy a bedynaf piazbglesttic matesibhed drdpdeis ef ink or
f
SRl ol Ui alon o BRI IAR in AT BfenGi SN by |
defleqtion @ﬂfhPGh@BneéWdllsaSt!@‘r nwelbacitiatedh sructire advastageously 15
duawyeaﬁ&a& @hﬂi‘né%‘ébﬂ?@ﬁmd ﬁm@l%fcﬁéta%%ﬂ nﬁfﬂé giA Al 1 ow ng

degree pressure conmuni catl on between channel s

0@8}9&?3&% w'tbﬁuema it waltrogeteictinm isribat actiptionrof a selected
oaamewy wal gisgihednssnt edn &auesaﬁésané ch&rtyeg afbl Bliing

S o A0Sk b B T S0

- dompéiertibm by uiieg enly svery othederdinasdan dedplet2{ectian Gwéved this

h%gﬁﬁeg%%egfoﬁ@c@arsli %c}ﬁ] g ritgﬁy of channel s extending in

array 'sai d channel s extending in

- a chanael. bhengkhy msrp%?ﬂds@@t égi’?( {Bmafd éh%ﬁﬁi@iﬁ the array

channels in the array are I'n an ej ection
% PPROSHS BiFeclions Hisgosteared E?Qtoﬁé a Pﬂwé degreq gt presfiureect i on
o@ﬁﬁhdnl’dﬁticﬁf bek¥edH éfﬂﬁﬁél@ébp%b@éﬂ bghéﬂ inferhbdiste chM% a@f

t op, surfaces
BPIERITE PPN PSR pERdre s sRen S amine BLTPa !
ctiamretst withnredesdrassisdalk.e Wi th a dropl et ejection nozzle
in the ink ejection plane and are firing channels, and
a sedorutlingioseiirsidspest af thedihventingl themriepropideddroplpr t

depQRoRpflaralls BhBARENP SN B & ARl Sudtligfinh & bifhnel
array direction, said channels extending in a channel length direction, wherein
alternate channels in the array are displaced in an ink ejection direction
orthogonal fo the channel length direction and the array direction such that a first
subset of said channels have top surfaces lying in an ink éjection plane
perpendicular {o the ink ejection direction, communicate with a droplet ejection
nozzle in the ink eject}on plane and are firing channels, and a second subset of
said channels are spaced apart from said ink ejection plane and are non-firing
channels, said first and second subsets of channels being separated by actuable
sidewalls which are displaceable in the array direction to cause a pressure
change in a selected channel thereby to effect droplet deposition from a selected
gjection nozzle. '
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channel s, said first and second subsets of channels
bei ng separated by actuable sidewalls which are

di spl aceable in the array direction to cause a
pressure 30 change in a selected channel thereby to
effect droplet deposition froma selected ejection
nozzle...2:. The top surfacés of the firing channel s..are
preferably wider in the array direction than the

bot t t

Dol 908 B SRS e i bk aRIABRRY K Bl |
direetion gwaa:urthmbmtom wfaa@f ofrike firing chapnely andu arﬁjep tslwferebly an
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pbﬁéaas %ﬁs‘e&nngnﬁshranréwtw %H‘;ﬁéner ﬁﬁ'lﬂ:ﬁex‘ chahi regidn?y

di rec i on. Advant ageousl firi ng hannel s are
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shapeddn trw@bsectioh.n anot her aspect t he present |nventi on

consists in droplet deposition apparatus conprising: -

a fi Peitablyy thayvallé separaiinglseidgipder ahahhet pesiorsnefisalg firsh an
Eé&xf }Qh:‘izﬁ&é E?gugg{el ne therebetween respective v

anne [s and said channels ext endi ng

i n aln@?@ﬂﬁ?bsds@ﬂ%r@één@m«men céﬁk%t@i%tdbtﬁﬁét%e isfigmal | s
bei ng 15 di splaceable in t ra i rection to cause
apPYARS SOMBrisiich Adiestiafray af %‘tagl? S'd&%‘lﬁér@"d‘%@ra@i ray
dirbétn fadsfing Iftaarnélﬁﬁuﬁeernegdiww cfrayncai Raidisidengalis hadsad s; a

PR BB g ol oS At i ge plhy

digplaceabdss jndiog an“ay dilgetidn toshusera ;ayssuna chanpaimslectedi ght

, ti
cﬂbx‘g%jshbvﬂé‘reﬁraﬁtggﬁ e an!gﬂs {ngﬁ%% Jlﬁée}gﬁh dréiﬁ.%éls 4 £R6id on
arey peside walls ez@ndharm@lieiewéhﬁsf refrarvay ef éﬁ%ﬂbifé%iéﬁwélheﬁﬁ'del

o%ét%ﬂtﬁ 'r@dﬂ)e&ﬁg 'tmrﬁlﬁh?ﬁyr}ga Eﬁ%nﬁelr!@ﬂ%@ﬂ@cﬂ& MH Bﬁhl fo the
channel pl et ejection nozzle comunica th

caaRe! 'eewaﬁﬁ%crﬂoeﬁpéﬁzei sy diggtion to %%f@ﬁ tftelﬁ%*%et‘%%elndﬁfﬂeé’ﬁ’eof |

chithel BRediintadibas, %adechaahé&x@hsnan re‘giornldplmﬁ@wmel
olet d zqttlo | et ﬁjectlon

ef fect $ dr 9l {;1 F%] op|
RELITE 9 tRenek A CERTEY ﬁCP'BE‘iUB'ﬁ BE WS i i ng
chhanehettensiineegion mbletfmpaﬂuatgn btthedenactuable side walls of a
firing channel effects droplet depositio_n from the droplet ejection nozzle in the

channel extension region of that firing channel; wherein the spacing between
adjacent side walls in the second array is greater than the spacing between
adjacent actuable side walls in the first array.

Preferably, each channel extension region has an aspect ratic of about
two or less, and each channel region between adjacent actuable sidewalls has an
aspect ratio of about five or more.

The direction of droplet ejection from the firing channel may be paraliel to
the length of each channel or orthogonal to the length of each channel.
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25 adj acent side walls in the second array is greater
than the spaci ng between adjacent actuable side walls
inthe first array. Preferably, each channel extension
region has an aspect ratio of about two or less, and
each channel region betweer adjacent actuable._ :
sidewal I s has an aspect ratio of about five or nore.

30 Th f t e ion fromthe firin
S BLE o PR er BBy s eGPl frobRanne
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channel facing surfoace of side wall, a step in said
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[ SO tin I n said
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contl us, fl ow 5 dr et deposition fluid al ong
each 15 %rqf’ r@ﬁ%ﬁ‘fﬁ die pr???”gﬁ‘f’%ﬁ'tt"ﬁé’i"”%ﬁfﬁ bcdropletitisppsittment
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a anne xt endi ng I n ann
SATERARERD RS WY oS el amarbatmae shaanvis
indhry@mayare dispiacer inatobreien heighiatiretioh cHABHHIRA B thé BhdnhE
ht di t
Rhamaraten and Werdial drkbutn SOATG o BE! SPretl bl chaetne
BaviedoP Brfases i insayton Piangtpespeniicular Bitbs eftaneé! hewhtl
difeatiiie bRd alg t
erei,’fgﬁ redl ?@tdégg?{%ﬁaﬁﬁﬂé‘\"hﬁ'e. ol 2 Rosf S om
HRFAD [Px%‘i SeFen éﬁ"ﬁe‘@tﬂiﬁ?@lf@lsdlewgﬁa@@tﬁdmanwab!eom
&l@w}ails wpfch Bfﬂﬁmlaﬁabld irf ﬂhé%?ra?ﬂ?ecﬁ:ﬁf%ﬁ%gf | Wh H
uabl e side TSwhi ¢
e d| sp ege%ckaea héﬁrf i vie ¥§§F?87@@&F$R9ﬁ‘“96 akg\herein a
%?Felg durmed isthe Isidnyallsi off said Siedt ectisetloftdnanmend défhﬁa@%hmpb@r
(ﬂfaﬁl?éibo:%l? F%jl@\ﬁrelq:ggﬁr?eil FJ):%QI? ar‘?c? d a%l\'glspgslic @ﬁé@pe&hannel

formed. in

Q?Hﬁ’ﬁrpél@ "H‘é‘?ﬁﬂ?ﬁ“ﬁ@e @weuﬁp@nef nolﬁmnmethemnay idbegtion. | ower
chan 0 step surface, the upper channel
port Eﬁ% '%g' b aﬁsg%ﬁ’s?tﬁ‘éﬁh%rﬁ‘élsl%@\é‘#bsﬁﬂﬁ'ﬁﬁ'heﬂ-simed fnogmogsn
seftonarray direction. Preferably, the first subset of

channel s are substantially T-shaped in cross 20
sect Alisinatixelyethe fitst swhisyt oftchenifdly b sabdaribihof-skpaane! s

cAlSssaBst antial |y L-shaped in

The Invention will now be described by way of example only with
reference to the accompanying drawings in which:

Figure 1 shows a prior art printhead arrangement;

Figure 2 illustrates a variation of the printhead of Figure 1;
Figure 3 shows a second prior art printhead arrangement;
Figure 4 shows a first embodiment of the present invention;
Figure 5 shows a variation of the embodiment of Figure 4:

Figure 6 shows a variation of the embodiment of Figure 5;
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cross section. The invention will now be descri bed by
way of exanple only with reference to the1 Hovs A
acconpanyi ng drawi ngs in which: 25 Figure ! I Is otrat o
prior art printhead arrangenment; Figure 2 IF' usre L
a variation of the printhegd of Figure 1; |gg _ ‘
shews-a second prior art printhead arrangement,-t
Figure 4 shows a first enbodi nent of the presen

i nventBYies 7 d@uilustritesionssssectsn stdnibiddiof the
é%ggﬂ;mﬁo,pf gjgure 4; 30 Figure 6 shows a varl gtlon
of the enbodi ment of Figure 5; 4 Figures 7 and

i 11 uskigare® fumﬂféE%ﬁélf&ﬁ&We%riEIcl%g‘%B?t%nbOdi ment of the

i ; W an alternative

present invention; Igure : h

i cpl aced conry oy o dspleBHA Eokbulabi b T Bpdmentef gur o

j d configura .

eigﬁ%:éﬁfe 11 shgvvs a variation of tPe ?Lrbodl nment of

Fi 14 i 12 illustrates a further

E Io%:‘J ng L?%H g haH‘%:g Zj?ﬁzag%" A3he pbadimgeinf Eiguiad;t r ansver Sio
and |rqe 4o £alhon. 2 furtt her embodi ment; and

Fi gures 15 aﬁgﬂi%ssdepb%rtcopﬂg%r?msverse se::tl ggf ZP?i g
| sonegurés V3 &M A ddplct A trah K Ler nbogqldnefn alina adHgther

Figure 1 a known I ni et pr it RRGldinalssaina _

%ﬁtﬁqﬁ’frﬁ a2 plurality of ink channels 102 form ng an
arr ayg; &Q i@i c@%&e_%hannel s are .spac((ie?b It:ir:z; a:.irlay
directTon and ek ?Ricﬂbtf%ﬁ%rﬁ%%ilﬂntao shme hWSIeIas
faithes embodinenht o t he page 15 as vi ewed). The chann

are fornmed in a body of piezoelectric material (in

t hi sReleging tpFigurd bratedwoinkget pipREd badSlerbAtc

ﬁs@s a
phONRY of iRk SfanhOE ;I] glg E’g‘?@ggﬂi‘?‘? }?:"EWQ%E %gep%qgge_[égy_e snprg\c;?il ‘e
"g%‘\'?ra%ﬁ%’i 'negvcg‘s%r;dd@f&ﬂ‘d@pr plehécmlarrioalmadan’?yﬁieg}olﬂ)(inglc_: htge page
DR e L e TRl 2y o SRR sl s
c% o tzrﬁnegﬁ)f an upper layer 104 and a lower layer 108. The two layers
are poled in opposite directions as indicated by arrows 108 and 110, The
channels are closed at the top and bottom by insulating sheets 112 and 114
respectively. The channels are lined with a metallic electrode layer 116. When an
electric field is applied across a channel wall perpendicular to the direction of
poling (through different voltages applied to the electrodes of the channels on
either side of the channel wall}, the wall is deflected in shear mode, and is
displaced to adopt a chevron-like shape as shown schematically by broken lines -
118. This in turn cases pressure changes in the channels bounded by that wall,
which can be used to effect ink efection from nozzles 120. It can be seen that ink
is ejected from the ends of the channéls, and this arrangement is known as an
‘end shooter’. Various firing sequences and patterns have been proposed to
control droplet ejection for such a printhead arrangement.

Figure 2 fliustrates a known variation of the printhead shown in Figure 1 in
which the alternate channels are offset vertically. The nozzles 202 are arranged
fowards the bottom of upper channels 204 and towards the top of channels 208,
S0 as to be arranged in Substantially a straight line. |
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20 electric field is applied across a channel wal|
perpendi cular to the direction of poling (through

di fferent voltages applied to the el ectrodes of the
channels on either side ofgthe channel wall), the
wal | “i's deflected in shear node, and is displaced to -
adopt a chevron-like shape as shown schenatically by
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whe ehennelavalis, apd hmaeplahameems fiakie acrbsﬁssthe vl theyald v .

Hhesdd dkfiace02 are arranged towards the bottom of
upper channels 204 and towards the top of channels

206 InSipeRiSion, %I@Hbv&ﬁﬁ@ﬁ&.f&a'nﬁeﬁ wa?éférh@b |c¥ntfﬁu§l§s'fy9ﬁo%]t

Aot el gt e FRBIRAE 1o 4 AT And oL BB ghamne b0 30isi

fejucteeldrowi selmceedmhunm%ms byaaﬁatmgm WAL oth@Q%‘@r'na?m@lQ‘Ehe The
arated in_.an a Irectl on

FRRIAG preslnd RERBE Bhifln RGN i Siralen 408 This serahsraant

lischtngivh adliarsidet $rmatqn’eerr|de’n®mcbelsaén that nk & epetety/irahh R @lde QR -

Lh& Tﬁ\ é\f]%%l@Bﬁéﬁl ‘férﬂ%@%eaﬁs fé g'n top surface by a

nozz forned” herein a plurality

Of ej R&rkiring tmgaﬂeees a %Qs@ emgbcﬁﬁnﬁﬁt‘?ﬁ 91';% |£\}%9{|?r§|g %Wx} are

q@"ﬁ’i% he channel , yrng electric
Frigmpdicaly FB‘?B”%‘%E‘ Bedy of p!&tZﬂ@9cta¢ @ateaefu@éms exarle BERke.
havmzpa‘f atdyai chatrrmléisf AmstRate rc}h&rfellégré? Bﬁéﬂfér?ca%? tha?nels
ntj nuou an i nlet en
TRt 8P SRR et Z LR Kina e cHihHGRanga 604 arak
fogme@jowet i dhef Pbﬁas@awcadd Ohbera ﬁiestwb)seacdf dRdrinB oléifap,
%hétﬁlg%fdekglﬁsﬁe Egﬁ\%%& t?é BOT il tﬁé r%brg&;? Ié?cﬁnpgppos;te

anges casi n eJ ect rom no
Qlchaw&eﬁﬁhowm a{mmoﬁsﬂwse §idawau§mn@foane¢wmh electroalss be

§;&Bdﬂs;§l§b%tlatbl'&i(y ISR HROhRENES OB Aot fféﬁ:l a%heeﬁ%ﬁd&eﬁ

t t di at
SRR dhg¥e. 4 oo ot e by Fetiinarboionsve. mpseuive

cmmgeﬁ tamrbel chusdtionthe channels, resulting in droplet ejection from nozzles
(shown as broken lines 408) provided in a nozzle plate {not shown) bonded to the
upper surface of the PZT and closing the upper channels.

The lower channels'404 are not formed with nozzles and are non-firing. {n
this example the non-firing channels are filled with ink and communicate with the
ink supply manifold for the firing channels.

By offsetting the non-firing channels, tall thin firing channels — affording
closer nozzle spacing while maintaining the cross sectional area of the channels
- can be achieved without having similarly tall and thin channel! walls which would
suffer from low stiffness.
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schematically conprising a body of piezoelectric

material (in this exanple PZT) having an array of

channels. Alternate channels are offset vertically,
channels 402 fornmed in the top surface of the PZT and
bei ng open, whilst channel g 404 are forned |ower in
the PZT and are closed. Wiere the two sets of channel s-
overlap, 20 actuating sidewalls are defined with the

PZT i lhistdesisabler thaf ImﬁwmémﬂodEMeﬁtﬁmpbér arfdl Ib\@@rtdhﬁﬁ}%ls as
dewal | s are formed wth:

0
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A0 G e A 2ol B edod s it e rtin
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gﬁ@agmf%g%@{fm%k&@ hérBiRs GtayeR NcLleidn o v B e
‘Iﬂtfﬂﬁh’d} iBprg¥echgop ﬁ@cuqimhﬂrman s. The lower channels

404 ent f rmed wi.th nozzles and are non-firing. In

this oty 'FFee'HB?ﬁJm?mtuqﬁﬁlge%ﬁéh@ww@qum b dteredieh

upger almaimele B0 BicOMESr INVtHelhﬁpBﬁnos't Flgiof iR tMeWE‘Q I ?lleﬁi phY.
of fsetting non-tiring

hanne
Guﬁ-gn];s]fg for Ipf;\rt Way ﬁoxfm B]erféa@p% ﬁugprgatveg[f m@mgwls could
et topeied toywardsstng bass. This\sltowea Mdrddomgdichdrubie H/HRSS

f can he achieved -
SO R Ealllooh V8 FORRBIC dmeRR P onstemean Rl 1 s
RIRYige theditl Tow tg difes @zzlfer @S\riallgemeqm\nafehhlq&immrﬁ diahieter Sesuits

iﬂ It A6y fﬁudicﬂﬁfﬁpe&léhcﬁ %Pélﬁh% lﬁ gi?? Fcélrsgés%sﬂ Eh%e p&'&ﬁ'ﬁg’"&?@gg

| ower channel are o

HRPRERRS! EﬁQ?"AWHh%'GSe‘Mﬁ&'I (¥)ds equet foritg height (HHFanrehuate si gn
@atﬁnd;lﬁarcchmns&ﬂoﬁ ﬂ@%y&éﬁ@d@&rﬁéﬁr 6 &t\ﬁéntﬂﬁb\hﬁ‘% I%)eg the

t tted jnt
R aa%smgaqg@t?&@fw@\”fv%@ reduction 5 of

unde ayes  in t he n ifolds, due to
i mpr ?v%@kﬂlggotﬁé? ﬁf"ﬁeds 'ifaCFH‘@t fhich kg aozzleds to
QORRURYCeledS ]nﬁma@aﬁb dllqyam: Brdeanbrafesatr etdremuple ozdbs to

doﬁﬁﬁuntdafg;mihr{hé (R ndlOP ej ection characteristics. A
variation of the enpodinment of Figure 4 is shown in

Fi gumke 6|dtH'M')%mB fh@tghﬂ@ﬁ%fmé?ﬁ%ﬂ@ §Il|c§1!o5&zcrﬁ W{)Q%at' n
R BB S i S e peracosmanosons co
bal eresteda Tymiedlly, the blearmbamaml #hdHRIghehwill be chosen such that the
stiffness of the uppermost wail is similar to or greater than the stiffness of the
lower actuating walls. As would be clearly understood by the skilled man, actual
dimensions are only chosen after simulations are completed and where
alternative designs, materials and performance compromises are taken into
consideration,

A variation is illustrated in Figure 8, where the array of side walls 604
separating the uppermost channel regions 602 are formed in a modified nozzle
plate component 606. Similarly the array of side walls 604 could be formed in a
nozzle support component underlying a “conventional” nozzle plate.

A cross section of a channel arrangement according to the present
invention is shown in Figure 7. From this figure it can be seen that the upper or
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be tapered towards the base. This allows a nore
conpact structure to be achieved where a certain
equi val ent hydraulic dianmeter, hp, is necessary to
provide the ink flowto the nozzle. A larger

equi valent hydraulic diamefer results in a smaller
fluidic inpedence such that in this respect the

! : feoh FoSPECt hew
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e. respresegntead as bel ng equa 0]
RO ST BBy B ot ee oo ostneiies
denosiiesbonihe insidei of metdlnenmaszwf@fm ?edt@de@@rmﬁ@%h&ﬁkﬁw%l&
i r n,mylt
ERESPATAM SR e bodk6 AoiRn i e whlion s
984 &f tncds iwopnsrtinmig thelowitchakelsie Rearsicomsecidasih dofi@ion
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osinl be feRcORNP@VeR UER ndM Ao boential h'é Eﬁég‘a?‘gl?od?ﬁ%rﬁ Hﬁ%ly

ernotwalll,l?ymlartoor :
'ﬁet%ug?ﬁaﬁ’eé@"b‘? e¢ifigal sansidgipgions) i haye iaptivariedirodesten the lower be
psiriéems lof therfiring shamldlsbHoﬁ&%r,sdé%—tiain%tamé‘?oatﬁﬁésl{% provide

i 0N sen_after sinulations are
S s S fhiieeo i BB P ormngmadvanages deaibs
aRde yendivleiningrecatinginepedfsregivns, bakeRhérB 16t necessary

oSl SREA LN e riation is illustrated in Figure 6,
wher e tﬁe a‘%r?daeygﬁig QSi de walls 604 30 separating the

i in. dified
R T T
Y fc’cﬁ'é‘ ﬂ?&ﬁ?@%‘né@mmegﬁfﬁ §oaiiad pboueeihe refivatingridemals, alopg tet

e a0 L SR S L,

A ection of channe
p? {{Cg&%? %sté%ta ﬁ'ay ﬁ'{}eé;ﬁ?'?' ® P ORI bepghipved by, F om t hi s
exargpieca lasercam olite theestep dunfate adindivtee by afrows 640, 1 i NY
chanpel s have a substantially T-shaped cross section.
A boli§e eating s dlso cut apprepdiatsty anvibe bay tacss 6(QRe bavy B OAT
irpsri&cto isBpARRARd ke | il it 1 Ows
s&OG. I o %*?) grr %ﬁée&?esgtsr?g% Fﬁgfg&ngs ad%rédr# g%ﬁ@?§§21n@?él lic
T4t PR B - Whihygeylte drtyihg soating aniike wepeghost il
potiamnélesheiny donnsatel afid MERR Otralcke(BRABAGE g}ahd S-

potential), the connection indicated by broken lines 622.

In order to operate, say, firing channel 614, node 624 is driven by a non-
zero signal which results in a charge on the electrodes on the inside walls of
upper channel 614 in the actuation region denoted 614", This creates an electric
field across the walls in this region, which displace into the channels in a chevron-
like shape by virtue of the poling pattem as explained above. In the arrangement
of Figure 7, firing channels are driven symmetrically, actuable sidewalls on both
sides of that channel in the actuating region deflecting intoc the channel.

The deflected shape is shown schematically in Figure 8, which also shows
a nozzle plate 650, having nozzles 652 and 654. The deflection of sidewalls 656
and 658 cause a longitudinal pressure wave in firing channel 614 which results in
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appropriate drive circuitry. Afirst set of tracks
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side 742 being connected to the drive nodes, as indicated by broken lines 744.

Upon actuation of a drive node, say node 750, electric fields are setup
across the inside walls of lower channel 752 in an actuation region. At the same
time an electric field is set up across upper wall portion 754. This wall portion is
also poled as indicated, and therefore this wall portion will displace in shear

mode.

This field pattern results in equal outward deflections of the walls of lower
channel 752, and a cantilever like deflection of the upper wall portion 754. The
overall deflected shape Is shown schematically in Figure 10, which a[_so shows a
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firing channels 1202 alternating with the non-firing channels 1204. A second
array of sidewalls 1205 {which are not required to be actuable) are paralle! with
the actuable side walls 1203 and define between them extended channel regions
1206 for the respective firing regions. The nozzles 1201 communicate with these
extended channel regions. Typically, a substrate (not shown) will carry the
described actuator and a cover (hot shown) attached to the uppermost surface of

the actuator.,
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are convenienily formed by sawing) run out to the upper surface of the body
1301. The non-firing channels 1304 are formed (by sawing) from the underside
of the body 1301 and do connect communicate with the ink supply manifold 1308.

Reference is now directed fo Figures 15 and 16, which illustrate a further
embodiment of the present invention, in the side shooter configuration. As shown
in Figure 15, which is a section orthogonal to the length of the channels, a body
of piezoelectric material 1501 is bonded to a substrate 1502. In this arrangement
the body of piezoelectric material 1501 has an overall height of 545um.

The body 1501 provides an array of upper channel walls'1503, which
between them define extended channel regions 1504 for the respective firing
channels. A nozzle plate1505 mounted to the upper surface of the body 1501
closes the firing channels and provides nozzles 1506.



Figure 12 illustrates an enbodi nent of the invention

configured as an end- shooter device, that is to say

the nozzl es shown schematically at 1201 are arranged

in a nozzle plate nounted to the open end of the
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inlet and outlet ink manifolds being provided at opposite ends of the bady 1501.
The non-firing channels 1510 are in this arrangement oben to the ink supply; it
has been noted that in alternative configurations these non-firing channels can be
filled with compliant material such as silicon rubber or closed fram the ink and left
open to the air.

Returning to Figure 15, it can be seen how embodiments of the present
invention can ingeniously meet two seemingly contradictory design requirements.
To generate large pressure changes in a minimum volume, a channel would be
required to be thin and to have thin walls. However, thin channels present high
impedance to ink flow and do not easily allow the relatively high continuous flow
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ratio (being the larger of the ratio of the height to the width or the width to the

height) of about 2 or less, more preferably about 1.5 or less, still more preferably
about 1.2 or less.

In a preferred arrangement, the active region of each firing channel (being
the region between the actuating sidewalls) channel extension region has an
aspect ratio of about 3 or more, more preferably about 5 or more, still more
preferably about 10 or more. '

As has already been noted, the functional separation in each firing
channel of an actuating region from an exiended channel region also leads fo the
benefit that the different cross-talk effects in the actuating and extended channel
regions of a neighbouring firing channel are in ocpposite senses so as to reduce

considerably the cross-talk from one firing channel to the next.
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consideraply the cross-talk from one fll‘lnﬁ channel to

t he nextac ﬂ}éng channel an upper channel region, a lower channel region
and a step surface, the upper channel region being wider than the

lower channel region in the array direction.

4, Droplet deposition apparatus according to Claim 3, wherein the step
surface is substantially parallel to the ink ejection plané.

5. Droplet deposition apparatus according to Claim 3 or Claim 4, wherein
the firing channels are substantially T-shaped in cross section.



Wil st this invention has been described taking as an
exanple an ink jet printhead, it wll be understood
that the invention has nore general application to
dropl et deposition apparatus. The scope of the present
di scl osure includes any nbvel feature or conbination
of features disclosed herein either explicitly or

implicitl eneral i sat.lo her eo 'rr ve
Bof V\heﬁ'i‘?-!ﬁ té{ep %/‘mi "\%pf“@ ugtag%or%tgg Fanél goﬁgh' “Q'l?ﬁ?"ll' on
or m t kgAlriag camyhely araklibstdntidllyd.-ghapbd mrmoadaécmmsed by
the present invention. The applicant hereby gives
notice that new clains may be fornmulated to such
features during the prosecution of this application or
7of any Dsepiet degesitizyappatapisiaseartian tafelginy daviseiatheoralls | n

parti Cléle atlrﬁ %mp PEBRARE pbRiohdIsr ARPRSARHset of HaRfels

features ent clainms may be conmbined with

t hose @fe'ﬁ%act'#%pendent clains and features from
respective independent clainms may be conbined in any
appropriate nmanner and not nerely in the specific
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array direction such that a first subset of sai d
channelageﬂﬁawhﬁﬁﬁ?ﬁ‘%ﬂﬁlﬁ%@@ r¢, fining ghanngls:ianecedAmtay 9h
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first an secon bei separ at ed
by act whbinel sxtawm ﬂeglomﬁpwgatﬂ@ rswﬁtn@cfwmcaawi Bhe

array Qrifidleiiion Qoﬁ%%ﬁmﬂm%fﬁﬁﬁhmﬁea%ﬁ INAhel Extéhsion
sel ect ed channel t her eby effect é)wai}s depasi tion

from a regien @pglath@} adyatign ofnt8§ gqlqaactuabte s:d of aflring

channel effects droplet deposition from the droplet ejection nozzle in
the channel extension region of that firing channel; wherein the
spacing between adjacent side walls in the second array is greater
than the spacing between adjacent actuable side walls in the first

array.

9. Droplet deposition apparatus according to Claim 8, wherein each
channel extension region has an aspect ratio of about two or less.

10. Droplet deposition apparatus according to Claim 8 or Claim 9, wherein
each channel region betwsen adjacent actuable sidewalls has an

aspect ratio of about five or more.



2. Droplet deposition apparatus according to Caiml,
wherein the top surfaces of the firing channels are
wider in the array direction than the bottom surfaces
of the firing channels. 3. Droplet deposition
apparatus according to C ém 2, wherein a step is
formed in.sidewall surfac abutting the firing . = -..
channels to define for each firing channel an upper
channel region, a |ower channel region and a step
surface, the upper channel region being w der than the

ower @?ﬂm&le bQGInPphRtusiRcaing b Cialng 8 iicin the
1|E)rop| et de osftior:mgp ara(tiu ,ac%:1 rding to. daim3, -
wher ei ACUA eﬁd@iﬁ’a”%ﬁ‘fg?"é@é Pép“%’ﬁ fé‘ﬁl“'igaé?rlayt/ parallel to
the ink ejection plane. 5. Droplet deposition
apparatus according to Caim3 or Claim4, wherein

he firj C > [ - in
@ oss DueCRRBIELTogRh S REYaR Fiin & ANE e [
accor didirgetion of Heppiet gedion diom the Aringwhenis! is palef tp theng
channelig,af & P shsaki al |y L-shaped in cross section.
7. Dropl et deposition apparatus according to Caim 3,
wherein the walls separating said upper channel
portions of said first subset of channels are
130n- ac tDrafiétadepsitidyr apphetustepading itwdiaip B aviereis the

- Toue . . j ' | -
exct ona HE%n 3L ioB) gBhlg ot nd fiihafip el B
r especténgth ofcdsghrkdngel. sai d side walls and said

channel s extending in a channel Ilength direction, the
actuabl e sidewal | s being displaceable in the array

di rection to, cause a pressure change.in selected
¥hannelEoriGapasiion %Hpg@‘f%£°8°rgﬂgi$gﬁgn Enhal"f'f'g Brray are
firing stdetodelager extending vderar chayng facirg ciefavedflsile wall

ext endi L1 el . W the-.f| 1 L uabl e

si de wa S&’é‘{gﬁ(ﬁ %4'4 %‘%'%%\}\%f&ﬁ"'éde%%?g m{nﬁfﬁ%&l?xﬁéc‘é array
in a clisolaiieh braskdhsaidielegiondedayer.or t hogonal to the :

channel length direction and the array direction to
defi ne t herebetween respective channel extension
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configured for the continuous flow of droplet deposition fiuid along

each firing channel.

186. Droplet deposition apparatus comprising an array of channels
extending in a channel array direction, said channels extending in a
channel length direction, wherein alternate channels in the array are
displaced in a channel height direction orthogonal to the channel
tength direction and the array direction such that a first subset of said
channels haVe top surfaces lying in a top plane perpendicular to the
channel height direction, and a second subset of said channels are
spaced apart from said top plane; said first and second subsets of
channels being separated by actuable sidewalls which are
displaceable in the array direction to cause a pressure changé ina
selected channef thereby to effect droplet deposition; and wherein a



dropl et ejection nozzle comunicating with each
channel extension region, such that actuation of the
two actuable side walls of a firing channel effects
dropl et deposition fromthe droplet ejection nozzle in
the channel extension regithh of that firing channe
—wherei-n-the  spacing between adjacent-side wal l's- |n

t he second r eat t han the spaci ng betwe
adj acentteB& B%%é“ ﬁ'l %éd ﬁer of sad frpfsupset st Chaﬁ?@%\%f‘”@g
Dr opl et aslepns lcharmal Pl Alawer Rfmerdngbntand Gl skepaufiace,

wher ei n_ each anne ensi on regi.on _has,an as

ratio of"SABBELC %el B?m?%é%"g Yyiger %Pgmegf’w ecﬁggqe?p

appar at indhasgaydiienipnt o Claim 8 or Caim9, wherein
each channel region between adjacent actuable
sidewal | s has an aspect ratio of about five or nnre
16 11. Dropl et deposition apparatus according
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apparatus according to Caima8, wherein the direction
of droplet ejection fromthe firing channel is
parallel to the Ilength of each channel. 13. Dropl et
t®posi t Peapled gerasiliva sprecaios diaegdingtoClaimiesr Gldimrid@i n t he
directi [ nel
s ort onaain s} Bl SRR E A T

Dr opl et CT@&p#fieN-on apparatus according to Caim 8,
having an electrode | ayer extending over a channe
facing surface of side wall wall, a step in said

demal or. an elec ically
LISV bt LIRS Sa% LD Pl ShESHERR 1ok 1
deposi twb&reamaa!rfmst@sbmemnmgs ane sahstactiadly bEhaflediims 8
to 14, anfdgir ed for the continuous flow of droplet
dep05|t|on flurd along each firing channel. 16.

Dropl et deposition apparatus conprising an array of
channel s



extending in a channel array direction, said channels
extending in a channel length direction, wherein
alternate channels in the array are displaced in a
channel height direction orthogonal to the channe

| ength direction and the array direction such that a
first subset of said channels have top surfaces |lying
in a top plane perpendicular to the channel height
direction, and a second subset of said channels are
spaced apart fromsaid top plane; said first and
second subsets of channels being separated by
actuabl e sidewalls which are displaceable in the
array direction to cause a pressure change in a

sel ected channel thereby to effect droplet deposition;
and wherein a 17 step is fornmed in the sidewalls of
said first subset of channels defining an upper
channel portion, a |lower channel portion and a step
surface, the upper channel portion being w der than
the | ower channel portion in-the array direction. 17.
Dropl et deposition apparatus according to Caim 16,
wherein the step surface is substantially parallel to
the ink ejection plane 18. Droplet deposition :
apparatus according to Caim116 or Caim1l7, wherein
said first subset of channels are substantially
T-shaped in cross section. 19. Droplet deposition
apparatus according to any one of Clains 16 to 18.,
wherein said first subset of channels are
substantially L-shaped in cross section. i



