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to a f
- compfication dYdising POl SYenpp

DROPLET DEPCSI TI ON APPARATUS The present invention
rel ates droplet deposition apparatus and in an

WO apooamne exanple to ink jEt print heads and, PETYGB2006/002551
particular, drop on demand ink jet print heads. In a
known construction, described for exanple in EP-B-O

DROMEDDEPQEHNON APRARATMSEd in a body of

pi ezoel ectric material and droplets of ink ejected,
t hrough the action of an acoustic wave in the ink
chane presegt iescatiod rdiyted efrdsiet depositfontdppacdtam ant inmah | S.

. Such a wall-actuated structure adyant ageously, allaows .

impQTEAAS SXRMBIR 0Bk ISt paBt hercsand, fperGHian iR PP SR oS et

printdaeld. A conplication with such a shared wal |
construction is that actuation of a sel ected channel

by W& likhofh ThasFeSRAL destiibeaYseeRingSIe i EPCRBNERES5GY, SO
i n nei ghbouring channels - s d "cross talk'.

[] 't
chanfigls peacierped b 3dw@dy of a@aﬁ@ggt?ipcﬁggtegekﬁd daplethotpk
ejechégf, o8k YheEN&ioh é?ta'he@.{coggﬁ@ﬂﬁye frP{heqﬁ@Ehﬂnteﬁ,J gfe‘hb?é"l?cé by

wever this has the effect of Increasing € nozz
deflegtiootef thencimrel walle Buchgowali-ackiatedploseidre advantagagusly

slofl DAL RHARLF BPR R MBI e o1

compliestivarveitic susiua shared avallmeinetrectiorhia tine actistioardd bedldryed

ona TS B S s hr B PEPAONIEE A, B4 il

charrigld Agoaldile haosetatic Wt his beshiprghosed ss alidieks thiecor di ng
i.rst aspect of t Ee i.nven

jon there is ovi ded, .
e TRneb et arlgSlagfonk hayb g nis
has GPEMRt Bf Meteaid thel lozAleGli@ANel array direction, said

channel s extending in a channel |ength direction,

whe{ epiB-ah bes Babst is brpeskd td BxichE aefritie dhanifliS Pl the Sfray
in an ink ejection direction orthogonal to the channel

in opragie Wirgriiets ithmhedaadechegignsallowinga degreesefirieshise a

comlunidatiBH bele & _cﬁéﬂr%lsc@é?&ba inftedithid BR&hd By n
I'n an 1 nk ejection plane perpendicular to the ink
approposte dhoict ekditenaions dhiswairangesant effordsdr tgthad for firing all

Cha'ﬂeﬁ,&t"’hwﬁwgﬁg (gr?jsgl algpe i nk ejection plane and are

ng chan a% ‘a second subset of said channels

moneP PTG och Bish apactot e TpyaHtio Rl S Broie BBk o
depadittornap marbisrep ns@isiigadredrray ofichanmiglseextending in a channel
array direction, said channels extending in a channel length direction, wherein
alternate channels in the array are displaced in an ink ejection direction
orthogonal to 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 to the ink ejection direction, communicate with a droplet ejection
nozzie in the ink ejecﬁon 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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sidewal I s which are displaceable in the array

direction to cause a pressure change in a selected
webanioelo7e her eby to ef fect %Iropl et deposition PCDGBA006/002551

sel ected ejection nozzle.The top surfaces of the

f' ' h I f b
i The feroehtiaras of e B CFrails arbutetsraiy idarh B amay
dlre@cmrm@ﬁ thebsttom suﬂ@cessofnh@ﬁﬁmgabha/nﬁevg aﬁdialsﬁe;sisq@wébly
surfaces abutting firing channels to _define for

formeg dm sideyva guﬂﬁa@ﬁw@butb\rﬂs thspitinashannels tp sigfinp foreach fiing
charﬁs}{%gﬂ%h{) ﬁéﬁ?\eﬁf%l cﬁne%\t Iteg/ef élﬁ'fé? redi6rehRd §bs|té/p surface,

sta e] ection p ane, he
prefeqapb'rsubaw«mhelly P@!@ﬂdrto il s emtti@n nlemm tiey upp@v@rannel region

belng {I’athaﬁ% @Q/er% élt\}?el%éls% rf{hreeé:rf' )Pcﬂref,‘ﬁgﬁ.ant ageously,

Irrng C anne S are ant aped or

éipé?ié*a%mﬁs&? e B4 et *%%I%I%&%ﬁ%ﬂh'aﬁsd ol b

shapadiaetrossfsectiannel s are non-actuabl e. I n anot her
aspect, the present invention consists in droplet
deSoBany ahe a\mﬂarsapasatmg 'spid wpey chanfelpetticnsrafisaaf first

I t endi di t t
subdH of Foare SR TERt B poct  ve channel 5. said Si do
I d d I t endi
o Insandthy S4hect € Reedt ol Fbstsls Ry TapEbAapedi

apparﬁtdshﬁ) ristg: @ ﬂr@ﬁﬁ@ﬂoﬁm@mexd@\ Ml@%rwuﬂgﬁmam@
el ected channels, wherein alternate channels in the

diregiiondg deflas fharphepieRBmBIasiva chartsky A e dyallsiagd said
charffld StBNdiRG  BENBRA!I6:Rth MrbBridl) tnd béBbbRISdVA being

actuabl e sid l's respect to
disptaceahledn theyarray dirediignrie lcau%e gmes&ur%@lﬂam Iomeiﬂygtdw al

charjg%lé %e‘?&ﬁ%@@%} gérﬁ]&‘é Irﬁtﬁ%'a‘?fé and fiIiH@t cAahiBls; a seﬁond

ection to ere tmee respective C 'anne
arrap ef side iwalis ieatginding parati¢! vdthathe dirstaayafiashuabéayside walls and

ot R A 5 PERRERHAYFy B4R SERRE S B ipShar o e
charmeﬂ Ismgtl'omrecmgn camd the caI‘raIyImh’ecmn toadefime thérebbivdemorespective

h g atg ’I .channel effec iﬂ)
c a'HIe ¥ P“&B;S%%'PF?’o‘??GPrC&ﬁI‘Fﬁ P tedloraRe g i3 21 e i n
respebveciraysaneyl; endropiat éj%@h@ﬂn@izlé bewnfunidatiglg cv\hmnmih;
r\é/}h@ireI n the spac B ween, ad acent si de, wal ﬂ tPe
cha SI‘F&“a‘PPé?Q'PQ %ﬁcg‘at gl agtuation éhé%%?ﬁ%'aBl%%%Wa sora
firin QH\éIﬁ'I%Féffé’ét& H?&ﬂl@t d%‘p@@lt%'ﬂloﬁw tHe drBSIeﬁ éfe%ho@hbi%e in the
referably, each channel extension region has an

changhextensighiregion Oéﬂ'@jff' ring 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 ratio 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 parallel to
the length of each channel or orthogonal to the length of each channel.



10

15

20

25

30

two or |less, and each channel region between adjacent

act uabl e S|demalls has an aspect ratio of about five
WwW@eoomoe®79 The direction of d1°’op| et ejection freor/GB2006/002551

firing channel may be parallel to the | ength of each

he | h of ch
ShaSro P B b0 Rt b S o
suréaqeemfcbld@wallea stepdinsaidadiddvedli foemigthafctafibn $drdfh éﬂ@éthcally
form ng the |l ocation for an

'Soét'ggﬁ%%ﬁn $§|8Ffz5‘?‘¥vag'yﬁ'f eak in said el ect (rjo?e I aﬁer
Ad a eousl the apparatus is configured for the
coﬁﬁﬁwﬁag ?H%(N”eﬁ aphaIglustis Jepiguraddar fheusantinueusyflaaoh

drobleti s 18y SadrfidiifénamRect . the present

roﬁondtvgﬁtg?oln@ﬂggﬁlglas?@ i n dropl et degosn tion apparatus

CONMY & Rirther aBpédt! A% p(Pésém fﬂ%%'nﬁn % éﬁg@ iy grdﬁnet%eﬁ)ggiﬂnel

array direction, said channels
apRasRlEIcofiRTising Qiha" et ehannglst @ttalad iBg irha nhah mel |array kiérection,

dir
saig Chatindls SR S ohafing 160G ecliSh dilardh Shinath ghannets
in the ﬁ&?y @re displacad $ua hhamaﬂl helght Ida'ecmrbﬁlﬂiogbfnaﬁt@l tHe channel

I t ane
on AR50 Bt B0 LG8, o 8 B e
haveetop |sdrfacmslgmgoh astap @laﬂwmpéﬁdlaﬁlar ﬁﬂﬂé%aﬁﬁ@rﬁeld HEOm
| ane; E‘é{ t and second subsets of

direlflof Afte Badtter ol BYanRals Ak wPased eRartiomasigiop

ann

plarse; saill figt me@doeldlsmbtse@ @rrdhénnéllsfb%mq %baFQeg%V%%t@able

siadi TR aTiEh S BErlacsRide i B0, reNaripB causs 8 eprassur
chaﬁﬁé ired seRcidiecHanderRbklsbyab e?%'cfjdrfo;ore?ﬁeﬁblgﬁc?r]i a?lp Wherein a

def anne
Stepcﬁ?fa&gé g e?:sgi?r‘]’\?ﬂ”g %él;gllde‘ r_listsﬁj,rbfsatef chahaelsmtaaénlngmmn;gier

chaﬁﬁ’éltdoWbrp%'IBQe?’\b nel S‘RI hi da?% Pfa eportr el
ef e AFP-Jfe URBSEE 3(5‘P

he "array direction era
poﬁaﬁ'abﬁi@g widardhasuthet lawei ahlar}neTpehmpem thmamsyaansecﬁ@ﬁt i on.
Alternatively, the first subset of channels are
suli¥etenabln th fisst shbgadfichaonels are eeistantiallf TesHapeanh bRRs
secii¥rl | now be described by way of exanple only with
reference to the acconpanyl ng drﬁvm ggs i n which:
Fi OYS, print head arrangemen
ri temal e PR Glonaielite supmanfilbi Heasecr
crosmsgumnl

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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[ 3 shows a second prior art printhead
Z:r?zliggenent; Figure 4 shows,a first enbodi ment of ;2)?/002551
w@e@3meemo79 nventi on; Figure 5 ShO\gS ﬁ var ;af/;?{]l;?f/gg o
enbodi ment of Figure 4; Figure shows _ of
eyubesli t ' ' s ¢ and 8 illustra
: E:Fcr ossv?ggtsi Hg?]StEdftgg{]ee%ﬁggg?#Loﬁl ofgn ?'ﬂBo‘ﬂfF’@é‘éﬁf the
PresRULRYERIPN Fi gure 9 il lustrates an al ternati Vﬁ
el ect rode patterning; Figure 10 |IIu_str.ates tF_e -
di sgigaﬁ%a "ﬁ@ﬁﬁt@mraaltamtm aleetrassheationging; of |fgu :
Figure 11 shows a variation of the enbodinent o
Fi guidrey10 fiugtiates the displased abafigurafion bhee embodimentros}‘e
gnf.i guration; Figures 13 and 14 depict in trgnS\r/]S
and 'l ongi t udi nal section a further embodi nent; gnd
Fi g6 1PsRSW &@aﬂ%ﬁci) c s bn ransver se S'elfrtelfﬁgp .
i sonetric view st @?J?ﬁ@?@ﬁﬁ%@ﬁm. err|t g
to mhee & wn | nkoj ﬁt 2L nt head arrangenmen
ClUS u%l?al}?g%l Yihestconfiguiatiainel s 102 forming an

conprises a | _ 'ng_
' he channel s are spaced in an y
o e BRI o e B! sestin fonr
embgdineent end(i nto the page as viewed). The channelﬁ_are
formed in a body of piezoelectric ngézrlal (Iro;eLS
i _ . ' ,
e Piot HRge e Biort At Hndit ek s

T
furtﬂg?)régf:tf:lyoﬂﬁgmas i ndicated by arrows 108 and 110. The

t the top and bottom by
ik T N
pluraitaofiek shangelk imgdoﬁMiﬁ@_aﬁ a'fﬁ%&ain' p@Fﬁi'gec‘g%? S Spaced

I'd r5 a .
in an Ai2ay S0 %{L@L&gé&ﬁ@@;gwmr tthecirracdiiaation inphb Mge
o et SRl YA Lo AR SricTelmetori i s
case 1 iGN §f gb tpot leyer 104sien lowstdayeinidel Thelhg @La\%&d
- |i own
e e oS IE SRKEy oo o SoNR By o 08 S 8.

Chanﬁ%’ér?d@@qsﬁdtai ¢hetopramel isotop byl ﬁfi_umﬁngg Rkl 1|2|' aﬁ'éml%_

' jection fromnozzles
el T e o koo v i a
slectiigBeldtinmpplies] aas & bhand) RGBS didTakBING 4SRN 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

Fig

displaced to adopt a chevron-like shape as shown schematically by broken fines
118. This in turn cases pressure changes in the channels bounded by that wall,
which can be used to effect ink ejection from nozzles 120. It can be seen that ink
is ejected from the ends of the channels, 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 illustrates a known variation of the printhead shown in Figure 1 in
which the alternate channels are offset vertically. The nozzles 202 are arranged
towards the bottom of upper channels 204 and towards the top of channels 206,
S0 as to be arranged in substantially a straight line.
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"end shooter'. Various firing sequences and patterns
have been proposed to control droplet ejection for

wa aehoeropy i nt head arrangenedt. Figure 2 ill ustPEr/es2@6/002551
known variation of the printhead shown in Figure 1 in
whi ch the alternate channels are offset vertically.
Th&igwe 3 %@msawcbwgﬁg keown penthead perapgement ipfwhich a

bodgggﬁm%@ng% .tﬁa fﬁgagn% QRarfeICIH) A9lS

SO as earra ntia yastralght
chahnels afé geparat@ddh @nsareaxs@mhdn by sbaniiel kvadleneach chaneeat

i ' body of Pz ' Wi

exif 1A Sk n'sP'eYéfgérﬁé"feicagﬁw%rﬁmcu%sig frd Erra Aot T

chaaﬁﬂaa% eidsdt;ah atgmeatbp ayrfdce by i mflg%plfﬁagﬁfgﬁmg fermegiach
an ext.endl, n

herdlR Al et ioezas b haiolRg (hot A wEn arf formed op

the haiRUwalls tdH By RpSivinG ¥ty figld$ aé@bg td whis, 30y are

havi ng forned herein a plurality of ejectlon nozzl es
causgrbto E&sRIaE?-odes (not shown) are formed on the channel

wal |'s, and by ap electric fields across the

walll gberagiay, Iak élowau@fegh@ shanngls 384 . preferaie eaptimieusiydrom

an lﬁI'ePt‘-’:\ﬁd biihe éﬂ&ﬁn&%%ﬁqb%n tet Qﬁff)?fg%g!hﬁnﬁgl@tﬂmuﬁmﬁ o d

froman inlet end of the anne to an out
ejecigd from ssieoted chamel9 by lanwatleg tecwalisdofithose charmels the

2 Y,
e L 84RO BRLe LR SRR o, A3 0N, SRR e i
is kmozrzhea ‘S06 shdvies amdniamgehe séen thalk imkvis emt@:l fremdpe side of

d k is ejected f
eacﬁﬁﬁggr?eé S Sedifior Bheriedf i€ B WA Y o T ht or ach at e,
Ref od t
ot Rerghih o el q%sﬁr‘*?é'?ﬁﬂ aclief chind Bl BT
sch@ﬂd’ﬂcaﬂﬁl cpr@mmlges: bodyr:] ofmé;iﬁdel@dtrmtf hriatd i %mﬁmam:amp?éZFFZT)
rra ahnel s ern e C nnel s are
havB AT e eabe . AR FAENIG 476 tsat Vo Icall. Seinels
4ozsfwnﬁapm tRé téﬂ@rPa?eB GHe PFTEhORERg opbih,|\BililsE Bﬁé\ﬂ@lssm’«@ére

are fornmed |l ower in the PZT and are cl’'osed. Were the
formegplower i the Rdiannd rage doerd. d¥heradhe e Agtsf goaanels ouprap,

actt%ﬁﬁb @ﬁ‘d@vs)éﬂl& Brd B@fll‘Pe%TWltﬁ] tﬁehlsz? w[)fﬁ% r'?é%vs@r‘?el. ggelj nrhogposne

03|te directions,
dlregﬁlqnsvxm sBowR @yfaﬁw&ﬁ tTrhieee étdlSIW@H% greafeame srplhaajectrodes

andlcﬁs[g%c%l lg%ré’lﬂﬂlﬁ{dgtr e |r@lﬁ%H€e€8@arPélF?tﬂc%leﬁﬁlh "dhaf | h}%ﬁat %y

escr | € "S€en
deserittadvatiavagit che bei sbendhaishy aotivatng thecmmms pessshe

chaﬁgaegsrsfd %F%%sed%ﬂ'%‘ﬁé‘ %Lannerlse Srgél}lfmnggm cproplep gjec ion }frgl%tno%gles
(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 channelsv404 are not formed with nozzles and are non-firing. In
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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(shown as broken lines 408) provided in a nozzle plate
(not shown) bonded to the ypper surface of the PZT and
w@bk@giosmy74 he upper channel s.” The | ower channel BCHOB2@6002551

not fornmed with nozzles and are non-fi lr: ng. Inht'hlni
iy
and oo aRI B B EABARRSTHOI® drnst By S crfel
ar equr&lm@araﬁmoyon@weaf Dahensﬂgns hﬁad nmﬂerfe}ls afg@cgmg CtP% cor
- or di
on FHATASIG chThl ol L4 i BaRERE SR uaPachar

noise emltta‘d mttethehamﬁfdldscan béhﬁéﬁég@@hlcmée@bjé‘éttv@qy?héqgﬁh%n
tall and t channel walls which

of ‘gli‘FP "lr"‘ PrTSHERaY e mﬁgmqu@s dusite irprevechagoystic
matchirigesfihe ehatideans tHé?@foVé’ REprodsd cér?d’é*ﬁétl&hé‘tr‘tﬂgln?arﬁfo?d

mlar cross sectional area. D mensions an
resthp%m imrIovad dopisiectioncharaniersticaesi gn can be chosen
hat parameters contributing to the acoustic noise
4%’@'&‘“ of theyembgdinentef Eigured laaha\gem Figuee 5. Here the
i ressure.
upp@bbﬁéﬁﬁé&%b? aFeh\‘?dde? ﬂ-ﬂﬂe ﬂ% ish \}@%Jl gméa&%? iag their base,

waves in the nanif
withyg ste fﬁ@“@‘i paraayrdowreihe czhadnelseAEémam/elymh@‘vtﬁmnels could

ed
b el RS bRk TR Pl BunbiR pnaid slotf ok

achigypd avhesea ceftali epuialdnti rwdsdtmwmarneﬂér iy & receS&dr td Ee
regi o

ool e ARIBIA EWor e AT i RBSIatiatsonurs

riRmt
in a\myalldoﬂmdtchmpehe:mhﬁch bﬁbE ﬁ etﬁ% arggﬁédf ﬁhé mlnﬁm&gﬁ rar];) trhg

wopEiislceSiob Rwbeh 4= HthdPadnpavato e eeishs e Formquars or
rectﬁﬁgulmad:fﬁiﬁnehyéﬂh@ld'thé h?dh%m?é Bfamdi h;'ﬁs \P&Fﬁﬁ&% ¥% b

h k f no
res;ﬁé%%’r{;% @tﬁpgﬁ‘gqgﬁoé'éi %{.&W"HWS&H){ esults in a smaller

i di npedence such that in this respect the
3’ ﬁgﬁ'?'brtﬂ? grea pfthaspapnesurfaeg with whichwthemdzzle igitalt h

cothméaﬁe %JlHéﬂeaEQd ' éll%v\n?d %) er(r{?%zleg U eferr %%ﬁk)?%ﬂg{zégs toy,

rectangul ar channel sect| draualic
communjgate with dbe upperehanselsr esent ed as bei ng equal to
AWH (2W2H) . In addition, the area of the channel
sufhaddili (V¥ ansi kightr(E) dmemmonssnomua:m:mmm;hltﬁat
e ozzl es_or even
charr¥ FATEfs SR BMI i8R nO0RE Bianis anBiactorigs can
be erpdach Twcatipdhbehghnel Wiithdarehsiyongill DB ahbSe P SuSNEEthe

stiffries§ IE)f Héaﬁppermost wall 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 6, 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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channel maintains a suitable stiffness, otherw se
performance characteristics can be eroded Typi cal |y,

wo b@7obmmnel w dth and hei gt will be chosen seChGBR@I/002551

the stiffness of the uppernost wall is simlar to or
aterthanth tlf the | ower actuatin )
i R elR A, S EATPINA 15 aRRe ST SRF 0Ny A hadw el PEEis
forrd of B I4§brsI60EAT] OME p@l&j |ﬁr8p‘;50§f?é’8ﬁé‘ctf%§1§ %5 lndlcated by
simul ations are con&lete and where alterna

ATYESEEhdN npreaest roetind ogsé?awfaﬁéweamtpﬂlomsm 60%is
deﬂo@ﬁ@d‘ oh rﬂﬁ&r&wmﬁé @ s %ﬁ?'e@éé&%ek %|n th%gﬁéﬁrﬁetl G,

igure 6, where the arra e wal
Elegfépalrtéaqkﬁ@1@mnup¢éhaﬁactrotiamtﬁeappregnatasinﬁéZ:lremnB'y A first

sot P TS LRl Bt © SR TRRREAE0 B S compmen
poténtiah (of ez ibtesl clsnmmymg amﬁmﬂeﬁrdr Quoeey. IAythna set of tracks
Cross, section o

conpRERHIP s PBberaanreIS a4 g Sowetaghiosiine mpewhicdn
canite @dﬂ@dﬂvelyUﬁr_Ve@lét% non Zer@Wotdhitial. fih €& Bmbbdfdht fSs BRG"

t upper. arfiring channels have a substantially
neckS Sy (A S 6gucd cep T RATAtianS B iave APl FlecioRasen B fower
porﬂncﬂté&ff&hé@ﬁn@ﬁﬂarﬁ% IHQJV@\%H BereiR éttafﬁc gbét‘ﬁﬁ? %‘ﬁgire\ﬁde

i ndi cat ed arr ows . apre erre
addﬁl@ﬁa'r%twqwr@ stiffness ap |thai S@Hf!qaﬁ@ pedemanceeovantages oan be

ey ORI B Al

frOf@E@@trw@Ue@&ldﬁratmmSoprl ate drive circuitry. A first set
of tracks connecting to the | ower channels 612 are

conwcforvelearasies cnrrespanatirgntoi tab t\@ofsets dfitvaells s Necassagy

to Gt BHAGh S e inn N8 e 3eTa 5RhETe alpnatrec

lengtio oﬂﬂ'levcﬁl"lamodb§embmsﬁ1the&1teﬂmd%f&ﬂlré\;ﬁd>WdétH 4 YRp s%xtrfa@e
ote I is onl y

t
profgE 1P B dlre i s £ah SofRRIEb AR SaveBInie
exampld, wdasdrasit oatthe @fed Mdc@%m@i@éfe’d%’iﬁarﬂfwéé‘ﬁ) fi “ ng

channel s. However, certain netallic coatings can

pr anedadifgis 466 alit aﬁaﬁrweué@lon&héfefﬁ%éessa thd %%){/of PZT
i fi cant performance advantages can
in OWQPFR SERAA fge&%ﬁﬁwfﬁlﬁ%@éeﬁ apdndieajpd hy hn@s/@m Wt e

shoRRon!TRLES 6A6Y), f/vhféﬁ‘réélﬂfétlﬁ'tﬁ@ho&tﬁﬁséﬁjﬁ{eal}gp‘épﬁ? stigayf Or m

el ectrodes corres ondlng he two set S it
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St GPoRMek k6 Ferate, 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 pattern 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 into 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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Upon actuation of a drive node, say node 750, electric fields are set up
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 also shows a
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arrangedris towdzle plate mounted to the open end of the firing channels 1202.

The construction is otherwise similar to that shown in Figure 5. A first array of
actuable side walls 1203 define between them the channels which comprise the
firing channels 1202 alternating with the non-firing channels 1204. A second
array of sidewalls 1205 (which are not required to be actuable) are parallel 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 (not shown) attached to the uppermost surface of

the actuator.
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Reference is now directed to 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.
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eacm ukk!ihRYlows, preferably contmuously, through the firing channels with

inlet and outlet ink manifolds being provided at opposite ends of the body 1501.
The non-firing channels 1510 are in this arrangement open 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 from 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



channel 1508 opens to a respective channel extension
regi on 1504. The actuable side walls 1507 are forned

whooappmwro and | ower secti on® bonded at 151 1; PCI/KBoMNI/002551
manner the upper and | ower sections are poled in

[ di t hat .t he i
rateg LG L GRAT i) et ol brgh kot evinuSios BT wpteient
adv)ﬁﬁtlabeé srﬁ’@@émﬂrﬂéqmo@gn Ghd hdrthel hféyb@ﬁm@l%@l%b@ Be@hickhfive
body 501 and the glue | ayer) a channel height for t he
timesopr-ten timeg 1BAamdIMgNLiovsfatentirougla the rRAFie,en drpplet eJectlon-
non-firing channels is 35nm The el ectrodes shown at
151The arrangesteid shewntin Gigyrs 18 addeesses Busi Ppdemoli@y i n
thlcll'ir'?é tdf‘?ﬁ‘e hﬁnibﬁéﬁﬁ‘el{ w%é'&ﬂélﬂﬁbl tdnBioh r%gﬁa‘ﬁ 190 is defined,

e electro structlre 1S provi
by tbe spa@ngtbetwenn gheoﬁaltshléSOB amlapeelatb\r%y lange.i e dtanmeld by

exySfn I8 OBt st e lof RS0 S R B

alorighihe lengthaf they traarmed)(thans ()] sayweutdﬁstm plaad of o diiansny &

. - 1.5, that theto he ctrlc body
FioirggP) cawevatoine Mgt B8 Gring chitd it tRe S iaiangaaRels
sepﬁfaﬂé]?ﬁé;%\éélgleﬁt wS@acupgﬁmneefbtmw@rsmé wgaggmml |h|t|ﬁ|f§p

| S avol daed a netall]zatl on may_Jl.Nnaee Si 1Ty
arrangE Rt b 5PBTInG ST EAE S dwal o S AP vides abhanme
mdtglgtﬁf@,ts im 2?‘,"%% ﬂfér%(a'cﬁl@)of%e hbﬁ-aﬁﬁj‘éﬁﬁg (Walls 4808 Prbovidoot er

%ure shows he structure in
extengle aneewegwnvtmc negseofril@PEne Tﬁsae@th ehiheaxtgnsied channel -

regl‘éh"’\ np&%cgﬂ'&és QQgt@lﬂ of Q‘fcf}él ﬁ’rngsdg%nﬁeldc}éplﬁgh?é EW' with a

ere as enab to be pattern

! aq Jl@n‘f‘mseq{e%te& T’haft |l§fr:|‘th aﬂittﬁﬁkll}%suéﬁhe nﬁh afcg{%‘sfﬁg

pre y conti nuous ng chann
sidenwvalls 15ﬂ3ehasahelemdepleted| asldarnadiyﬂlm gampeisrthe pradh\thidisnesstof

e SRR 800 eClog iRt B e PR s o e
nonsatiyrting wallsheB0 emben atjestetiat pantlcajlareanpacahoel to balance
e SRR e HSRRe B Pelgdb BB RIS, ot fid b
req@itedsaMfnbE® 6F tHeechankeppall.l eft open to the air.
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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 extended channel region also leads to the
benefit that the different cross-talk effects in the actuating and extended channel
regions of a neighbouring firing channel are in opposite senses so as to reduce
considerably the cross-talk from one firing channel to the next.
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acconpanying cl ai ns Dropl et deposition
apparatus conprising an array of channels extending in
a channel array direction, said channels extending in
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i n t hand 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 plane.

5. Droplet deposition apparatus according to Claim 3 or Claim 4, wherein

the firing channels are substantially T-shaped in cross section.



array direction to cause a pressure change in a
sel ected channel thereby to effect droplet deposition
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deposi t| on apparatus according to Claim3 or Caim4,
wherein the firing channels are substantially T-shaped
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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.

Droplet deposition apparatus according to Claim 8, wherein each

channel extension region has an aspect ratio of about two or less.

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

aspect ratio of about five or more.
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16.

dropl et ejection nozzle comunicating with each
channel extension region, guch that actuation of the
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dropl et deposition fromthe droplet ejection nozzle in
the channel extension region of that firing channel;
wherei n the spaci ng between adjacent side walls in the
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wherei n each channel extension regi on has an aspect
ratio of about two or |ess. 10. Droplet deposition
apparatus according to CCaim8 or Caim9, wherein
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pi ezoel'ectric material. 12. Droplet deposition
apparatus according to Caim8, wherein the direction
of droplet ejection fromthe firing channel is
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deposi t| on apparatus according to Caim§g, wherein the
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Dropl et™ depositi on apparatus according to C aim 8,
havi ng an el ectrode | ayer extendi ng over a channel
facing surface of side wall wall, a step in said
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Droplne«blatimgpbseath lnrsaap@actmdmlaympri sing an array of
channel s extending in a channel array direction, said
channel s extending in a channel |ength direction,
wherein alternate channels in the array are

Droplet deposition apparatus according to any one of Claims 8 to 14,

configured for the continuous flow of droplet deposition fluid along

each firing channel.

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
length 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 change in a

selected channel thereby to effect droplet deposition; and wherein a



di spl aced in a channel height direction orthogonal to
the channel length directign and the array direction
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surfaces Iying in a top plane perpendicular to the
channel hei i rection
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Droplet deposition apparatus according to any one of Claims 16 to 18,
wherein said first subset of channels are substantially L-shaped in

cross section.



