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i nitially reghtae tsmdemnire cedfficiem layees.di rection, it allows a portion of that

el ement to be repol ari i n i I rection.. .t 4 Ng .actuat or
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t he di,) advant ages of the known constructions di scussed above. A

correséondi ng conponent for use in droplet deposition apparatus is included
i n anot her aspeatomingtyhtel pressr invantoncconeisysrin aesethotl ohpgernsa s patieret  of

pi ezo- mat er,i al icity of pa

formed with a | tipl rallel, open-to channel s
Pt el 1y 2beqpenelEiekledyR Aftiate Bemen ordiert ot pe PRl ArPBRE e
channel s aneel@daiennedirgdiét dng seacidgpridrde theahethod cdmgrikiog trenstepsrdiace
ext endi ng between.t i de |Is;. at |east, one of sai. i L) aving a
first portion rpg gﬁ??'f)srdlnpgy\%gsoaé% re{?é”%‘ita{ BhSUPP e@ggla%agger‘é’\%%%nﬁﬁ portion
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further conducting layer.
Such a method allows a portion of a monolithic piezoelectric element to be
subjected to polarising electric tields whilst maintaining another portion of the same
element free from repolarisation by holding that portion at an equipotential,

35 advantageously by partial enclosure by a conducting layer which eftectively holding
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second portion being polarised in a direction normal to boRi] tAU6 280t h of
the 15 channels and the array direction and said first portion being either
unpol arised or polarised in a direction other than said first_di reﬁtié)n.
Such a cof¥eAHe12has side walls polarised according to two BFFEEPER

regi mes and yet retains a honbgeneous structure with the associ ated
‘'strength and ease of manufacture that this inplies. 20 Further advantageous
enbodi menttieateentiandreeniiermtelasticdieldsgethegnanien of ik atleastrnaptal baragadcatependent
clainms. The,l i | %%ql W cLet ceto
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di spl acenent ofA aorrasparafired compomeh forluse ini gropts demndioB appargestis onal
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utha sedtiase b ateeh e Bhseidrafiel B crngisBer BorSaets BETel Shal vi ews
i H)u;t r at iprza,g]?tdmﬁemlfarm@cawmrazmbmpnonp iolfl'fpg&ﬁidl, gﬁ%mmgg?dgngnﬁavs C%utélgiglyg ;100 o
enbod| rent _of the invention; D, AU 46127 P 71
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| ncor por abiy kgrind€idpnaseaid & Bukdth isOflaceld@dHdihglbdtwedn theQidrwakt | onal vi ew of
the starting point for the method accordi Qg to the present invention,
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(e. 9. | eadofdrhGoRhtTahd aagtRbAd pbridh Rificest ddid tdspetiVeCtidtRRS seHdcBCEdi@N as
I ndi cated by arrows 12 and carrying a thin layer 14 of masking material on

one surf aé8CONE. PRIEPR GG PPEMBe It Podediont 1UHal 1oiRaW dhe fiengify of 2he o
nul tipdicihanrefs aRethd appedird@icrNanglis iR e BEIRE Githér thRIaTded @ce 16 of
t he sheet 10, th_erebly to define o
polarised in a difection other than said first direction.
Such a component has side walls polarised according to two different
regimes and yet retains a homogeneous structure with the associated strength and
ease of manufacture that this implies.
20 Further advantageous embodiments of the invention are set out in the

description and dependent claims.

The invention is now described by way of example by reference to the
following diagrams, of which:

25 Figures 1-3 are cross-sectional views taken normal to an ink channel axis
illustrating the conventional manufacturing steps involved in the realisation of a first
embodiment of the present invention;

Figures 4 and 5 are cross-sectional views illustrating the application of
polarising electric fields in accordance with the present invention;

30 Figure 6(a) illustrates the finished actuator with actuating electrodes;

Figure 6(b) illustrates the displacement of an actuated channel wall;

Figures 7 and 8 are sectional views along the ink channel axis of a printhead
polarised in accordance with a second embodiment of the invention;

Figures 9-11 are sectional views illustrating the polarisation of a printhead

35 according to a third embodiment of the invention;



- honogeneous channel walls 24 of piezo-material, facing side wall surfaces
25 and a 1 bottom surface 26 extending between the side wall u&%@m The
resultant array of parallel channels extends in a directi onzg Zra
~the longityd sipxes of the channels. 15 Each wall 24 thenpbagsm00718
el ectrode 30 - typically of alumnium nickel or gold - formed on an upper
portion 46 thereof, as shown in figure 3, so as to extend in an
el ectrically-co f des 25
.and over nmaski nglbkggjéa&%%er\e%e%g@% I%&Qﬁ%r%@ég&ﬁ%@g%éﬂﬁuﬁ of each
wal | . El ectheddesegdinkentional so be deposited over masking material 14 on the
surface 16 of the 20 piezoelectric sheet 10 in those areas where channel s
have not been formed. All aspects of the arrangenent described above are
* known in the arFigufeor!l isxangbes-$actionatPigw (0f 3Bd GNg BRIN- 10r 309 metiodnd
EP- A- 0 397 r t . ©i
Consi der i n%éhgé(%dv]vn t&) u‘ﬁé ﬁ@éew lrfP{l’te g‘ﬁ ’g]%%ﬂ % eﬁgﬁgg{@ %m en? g%%&%ﬁ ween each
el ectrode 8Geand ctffpa;ezs'unétanaé (é@ teadtzheomtprp(m;airiaee §izde polfedsrtneetthnd}&ess surface

it el orletTRE PR BTRT BT 17 gt Bavbap ar I 7R BRelEa R Sur f aces

25 and pergeode sufee 60 t he | ongitudi nal axis of the channel (which extends
out of the page the this is

f fi. 4).. Int odi.ment _sh
achi eved by rreaﬁ?%{)lmgaﬁt %§S?S'§%ét'§§?r4§t?€% PV@ﬁ%%gﬁﬁgﬁéﬁtﬁgﬁgﬁ%Eg t he
el ect riodescrdnard2byare boner irc dredotacee 16esthiee hbeprios siegteingao ruxfing ower
f 40. Menb 44 b dyct ti dtoth
Sheet  bef TGRS CHFEF ¥H(B Reiel AeePraPa o e SR tUE R SRS Sibbosi 1 on
of )t he el eisdtrond esriaifa. 267kt endivay bet@byn tHeOgite V@Wb&ﬁ@ceéZTmlﬁbséﬁanmy'raQQﬁprl seba
- SO0 as to be

conducti ve r i ent ter| ) | ver - | ed . r

35 abl top%@i%ﬁﬁﬁ'a'éetlsee’f‘ﬁ% B Pt b g e L iq R yaPacaTes s

pi ezo- mat egHamheiss 3 . , . 2 ~~~U G 2002 W 99I46127 PCTI GB991 00718
subjected to a oI|n ctric f| | nst ead sin ond tive
renborls42, the a%\vghﬁi ﬁ@f‘éﬁﬁf@a@e&ffp%ﬁgn&@' ?&aﬁa'B@ m' ﬁ

el ect rode atraed ah adQippBr pditon 4@ fhersumedy draadn ag@@ snfsotalaeosaheaa nrsulﬁf ace in

whi ch no channel s are for and whi ch in el ctrical contact with
the ol oot roagucasBhimislt E%%ﬁfeaa&wmﬁﬂaﬁw dow el Siigs RARetVehal | <) |
Soper &2{‘?"“53“’*9 it A bl bl s et v
partial | y ’5) B?/ %qPQE'%erdoa\éer 3BaSHY é??jﬁ”ﬁ" ﬁ Hep '@Fei‘f'{q }%&f 3“?5

gener aiped ;aszcaemroemjbrteeoﬁ otihehesu anreetswm‘re tdhendicabveodet Béerc tmeungiit he wal |
- and Conse uetgtof¥het Qr?anug[c)aﬁa nt descnbgdoabov% aré?nci)vtvr?ﬁul tfhe an, for example from

EP-A-0 364 136, EP-A-0 309 148 and EP-A-0 397 441, all of which are incorporated

herein by reference.

) Considering now figure 4, a potential difference V is applied between each

9
wn

electrode 30 and the surface 40 on the opposite side of sheet 10 to surface 16,
thereby generating an electric field that is of opposite sign to the initial sheet
polarisation direction 12, parallel to the side wall surtaces 25 and perpendicular to
the longitudinal axis of the channel (which extends out of the page in the view of
figure 4). In the embodiment shown, this is achieved by means of an upper
30 conductive member 42 placed across the electrodes 30 and by a lower conductive
member 44 pressed against lower surface 40. Member 44 may itself be a conductive
coating, applied to the sheet before formation of the channels or in the course of the
deposition of the electrodes 30. Alternatively, both members 42 and 44 may
comprise a conductive yet resilient material -e.g. silver-loaded rubber - so as to be

35 able to accommodate the deformaton that is known to result when piezo-material is



10 being at an equipotenti.ai. El ectrode 30 can also be consi @€} i Ga QbR
partial Faraday cage, protecting the upper wall portion 46 which it
surrounds fromelectric fields. As a result, the state of 8, %éﬁﬁ’bhgn of
the upper M Hdrti on does not change fromthat of i the origina eet
(indicated by arrow 12). Al though electrode 30 is shown extendi ng over the
“masking layer 16 |ocated on top of each channel wall 24, it wl /] be 15

appr eci at é‘éPJ?"r’l%lq 10,3 BPIY eéqctr@fffe&ﬂanq of Bising RPEY eRNAUFEHBEMBH A, he

.portion 4gq ehm%é@ync@nvaiaﬂ%é QSsnédO@atr@de@edradeoFhaté?@ ghagH &g Wal !
si des 25) ef ectlvel sandwi ching t pi ezoel ectric material. Turning now

to the | o@\k@femﬁ]‘!"”ﬁ%ratf?ﬁ)ﬁf big F'}ﬁehéuaéﬁedtf’ewt“ch da plearsklenarél foraed éRdsur f ace

26, there | 30 and
The o1 ouhEndflpelh SECHEEBo R RN oRXISRT) el of IR ThBCboaoR O

| over Wal Pfthechariel #8llind a base portion 50 |ying between channel bottom
surface 26 andTﬁé“%ﬁBné{RW'ihesé‘lé&ﬂgﬂeﬂq/atn@?rtr‘?ro#u?rxc at?ﬁ@@éét?oﬁaﬂtthngang( ence is

geonetry which in gives rise to a signi greater strength
Ew in thewalbm'mowéﬁlrerps@tetfmmtmasf@owaoédmtwrfane26§mdemgtaﬂiy Enbclpsedthe base
portion. | e, i : I o) [ ence V,
a val ue o%lé?t:;% X si"?’?@fﬁgﬁ égcé@%fl%&;%e%eﬁgﬁ?(g%seéh?‘ﬂﬁtt fgm% %@!5‘?‘9 off thé portion
48 t hat i elestuddei 80 ednering tohaale ahuecodisafcmehil;otheotﬁpqmlvmﬂipmtnqrots dselt he

pi ezogl ectr.ic [ I ndi c ed by arrow
B5°F o} obeind 378 EhlBkeplen 8w BRdd & bS8 SorToRisR e 4 VGRS |
portion 4£agesprpm(bécamg Qmjupuehwambcymarmhﬁ ew\ldhgt surroands froim etectdd ﬂtel@et. rasct ur e of
honbgenous, n o ezo-materi al rthernDre olarised in a
ohesr o esiftnd Bele pIdRrBARATBIE Liter il loctfan s JBh EPATeslRmR Har 8 e
portion Sihe\minbinal tmaae(namcatb@by anwocen@ghithoapip eextroad ab ys hdwrbxteninghe case
wher e channel and_channel ave .the_.s 1 dth) not,.to. reyerse the
di recti on®¥% ‘§8| WP 1D gaiﬂcaiteﬂ oDt 4| %arcrct%r \[é\ﬂearlﬂf% éfYq?la?g’i B ‘?"Kgbeoase.
Thi s i5 |asppré<smbeﬁ taahv ardiraigge caffect all By dohieved il the bpp&Swal q»b&msamei @ened
EP-A-0 364 36, i n_an_ actuator I ch e bas t on C sue
200z - S8y, 2 Béﬁ%ﬁgé/'aﬁfﬁ% O\Q\IE éh‘? harpe a&%‘ &eérfgﬂeFﬁv e sane
di reCtIOFIsanfiMdhg'@ bk pizzoélectiid eiac&suapan give rise to a d| stortion of the base
that acts agaipst the noti ereb

generated in t n'inﬁWoghtaﬁ'ﬁee{gwgaﬁ'%?ﬁgr\?@:@:‘%M%%aajfacé?téggﬁ%ﬁﬁ%‘f’t ressure
dropl et. surfabe 26theesit setubbst@epots lowet datentiseol e ietetiote 30 iaedmlp@om te
di rec,_)t or.llowgr éuh]'r%c 4\8€of the lsr|1eet 10 an electric field. Between the lower wall portion 48
and a base portion 50 lying between channel bottom surface 26 and sheet lower
surface 40 there is a significant difference is geometry which in turn gives rise to a
significantly greater field strength E, in the lower wall portion 48 compared to the
strength E, in the base portion.
25 By suitable choice of the value of the potential difference V, a value of field
strength E_ can be established in the lower wall portion 48 that is sufficient to change
the direction of polarisation of the piezoelectric material in that portion to a direction -
indicated by arrow 52 in figure 4 - opposite to the direction 12 in which the upper wall
portion 46 is polarised, thereby achieving a monolithic wall structure of homogenous,
30 uniform piezo-maternal that is furthermore polarised in a “chevron” configuration.
The field strength E, generated in the base portion 50 will, however, be low
enough (approximately 0.5 E_ in the case where channels and channel walls have
the same width) not to reverse the direction of polarisation 12 of the piezoelectric
material in the base. This is in itselt advantageous: as explained in the

35 aforementioned EP-A-0 364 136, in an actuator in which the base portion and



- 5 .portion per figure 4 will tend to act in such a vvay as to reinforce the

pressure ' generated by the novenents of the walls. i's negp Rg qﬁmg
possible to reverse the direction of polarisation of the bas B o) 0 by

. choosi ng pebasplkph difference V to be of sufficient nagnitugeridsboms only
Ew but also Ep is strong enough to cause a reversal in the direction of 10
‘pol ari sation of the wall and base portions of the sheet respectively.
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direction 12 a,n%ﬂqpes t he base th %{ ve | ost its pol arlsatlon in
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el ect r odesukihed 2eemtteadhmr sd Betosérid@swaloth spiidraeeowdt vadil hplidhswger and
| ower wall_portions wll éRe required for actuatlon of the actuator wall,
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nmust first eIe tri ah?%?ﬂ ol ated fromone another. In a final step that
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by renovi g df e minem dvaye\rpcsh&m‘ar giffeidnee Io@@u%eﬁff stiéﬁ@tlﬁfwﬁmlsew I s - for

exanpl e by nean | vent as E? ~lu
25300 Vo 978 Bre B8 PEE IS AT GrTCADRO! PARTSRIONE H1e YPREGRLI ect r ode
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the el ectrodes in adjace channels elecirically isolated f anot her
s shown 13 Frcirs Rl st 05 B e sfekictd 58 Holh BREPAG, " ool fod 1o
t he | ower sstiitieacte pb taé bahaepc&h@e:h tHDrdoQireP airédidn B4l Beaded bldtiodeadd’ al so be
again ensures that no repolansation takes place of those upper and lower wall
) portions 46,48 which it encloses, as described above with regard to figure 4. It will be
25  appreciated that this latter technique can also be used - with an electric field of the
appropriate direction — to repolarise in original direction 12 any part of the base that

may have lost its polarisation in the course of earlier processing steps.

it will be appreciated that electrodes that extend over the side wall surfaces

30 of both upper and lower wall portions will be required for actuation of the actuator
wall, regardless of whether the same electrodes are also used in any repolarisation

step. To do this, however, electrodes in adjacent channels must first be electrically
isolated from one another. In a final step that is common to both the embodiments of

both figures 4 and 5, this is achieved by removing the masking layer 16 from the top

35  of the channel walls - for example by means of a solvent as is known In the art - the
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located on either side of that actuator - so-called “shared wall” operation.

Figure 7 is sectional view taken along the longitudinal channel axis (indicated
by dashed line 65) of a printhead incorporating a channelled piezoelectric component
10 poled in accordance with the present invention. As is known in the art, a cover
member 60 having an ink supply aperture 62 is attached to the tops of the walls 24,
thereby closing the channel on all sides paraliel to the longitudinal channel axis over
a so-called “active” length, denoted L. A nozzle 64 formed in a nozzle plate 66 is
attached at one end of the channel, whilst at the other end, denoted C, a connection
is made (e.g. by wire bond 68) from the channel electrode 30 to drive circuitry (not
shown).

In those "non-active" areas of the channel (R and N) open on at least one
side for communication with the ink supply aperture 82, a low dielectric coating is

applied to the channel walis prior to any plating so as to reduce the capacitance of

in fact applied ZO

n

2



. for the see

- 5 Alternative capacitance-reduci ng neasures suitable for use i b A% 2002
non-active - areas of the channel include the use of a lowdielectric
material to formthe channel walls, as described in US 5 619 235, and the
_reduction ywhegagrea of the channel el ectrode to the m ni nrum PET/6B3HO0y1§ Or
conduction of electrical signals fromthe drive circuit connection 68 at
the rear of the printhead (region C) to the full-depth 10 channel
el ectrodesyygn Tnh@\eégt loV&rall ermjch IanOfarrTahﬁ’erﬁmnf%e|knoﬂﬁ5¢r6inb€WO'9W3§m
aforenenti oned Wp97/39897. .1 Figure 8 11l ustrates an arrangement for
repol ar i si MOrROE G Rerdingy griernePederd (estbnPBneenduetng lagei PYRFESURINA i n
figure 7. It thélccfoﬁd‘a'hcé hat rtﬁé)odr&re'nf%\}eﬂﬂod s qmalﬂlel% cHOM bfh, I N the
active portion of the channel repol arl sation results have been
: obt ai ned useipn@na@mrormwan@rw\/@rth@ma@s valbe peafpek s 42, 44 that extend the
l'length of the pp escri bed
in W95/ 18717, V\!netrqgﬁ%gcv %9,%&%2%#@ rﬂeégurésg%ﬁ:gatgg‘?%rr%s’%fué?tﬁ%g@r?%tggsI ngl e
- sheet). | namas pptheathapnelrindiedediheassgradpllew- diqlqn‘trd: ohtenaleb foaytheasheneal acti ve
| engt h {L) @%;’Q + mm a
channel ?IL %? 154 irha[ﬁ?nsél%ﬂgoé‘%’ Vﬁ?\ﬁ?ﬂ@ﬁ%d%ﬁ%ﬁ%ﬂé}eg'\%ﬁéﬁn hfaﬁr\‘/\egl I
hei ght of gedmde B et mmlmarln i debeane ricrecondotticappfr elgctried! edignal:00OW thas been
found necessar v e th ir f rlstl i r wal l
por 1 on 4500F S ehiERRieed HraRshathetrohtal tbrhi Red fredhel corri
mat eri Bl scitdmnals elda®208s fin otme MatwweoliengtH tL lasthbeemanpst, atdscebwt id e i n such
mat eri al , an eel ec. trlgﬁk?g?:?g g?rength of at least 1.2V/Nmis required before
the direct FF F r[ BX(ion starts to change (so-called coercive
field strength), with a field of around 1.7V/um being required to achi eve
per nanent repol c ed field for satur i.on) at a
| evel appr oxi ma’t@ B%Hb'/sqcéeﬁ%egrlr?u ”?aﬁn?loév%qc’la&smﬁ ﬁl?SP%%idé)éeﬁog Ctrl“rhe
corres pondcmgpcmeetbf ihe ldimbd;mbmrtmélggtdw? |Eb\edphe tf20fabithet mpol‘anmuoﬁOs ewhi ch, at
ar ound, 600N th| ckne ce t he ¢ is of the
o dor bt oremkr B B R0 S Bk ehdrieh a5y feBfieiv el Serd B s eklnent

repol ar i sabtntamed bsmgnubberbmdap\perecnnametdretrimmtrhezhnghat\ealeuﬂ toé lepgihiaig

bi czoe cot P EHEED 667 Rt FEelae T 5aeeed ot @W@&Wﬂif e

at nospher ewhereaeoerd! cradnelpd démmnemtelate foemdd @Cﬁ&eld\@ié khedt). 2 p ~~U ~

~Z~f12 WD 99/ 46127, PCT f d | arl
effective in thllnsat 63 pd'”%zﬁaa ébq?mglu'gic%ﬁ%qei nve%ﬁ{égwe '5? Bﬁﬂ tldglrJ :r Y

vacuum@ ouirducd hmer)izctotal ghdreecianygt@dLoNtR) of &&mnseemmamhalmhem dg5amy a
precedi ng or sub uent el ectrode dep05| tion st egm, gr educi n%emanuf acturing

se
time. 5 Figtaneel ya En"&‘dtfoof BPE: ARY & channed wqlli Be| i SRrPakeROBAR| | el and
normal to LifgreRbARNGY 2 ?ﬁio&m‘iﬁélpefddowehé/s bed GlHeChBskYS Rf FRBaemeBt for

pol arising a portion o i ezoel ectric actuating wall. I n contrast to the
ar r angenené'restion pgeelarisetion in Wedeweoval Fartios48 gt addda sEntagad whpamadal | y

end| ose ony QAL pRL- 9&&13@3? éz% ctr%hteﬁ@lrédcﬂrhs‘lﬁDb!b:‘i‘groﬂrpM%?Hrél‘a‘eﬁtha%he

channel bottom surface . This may be difficult to manufacture wth the
converdd onkgen estaptjshpdthatin rsgch @laéﬂf'taf @d@@@t@d@ic’cﬁttﬁﬁ\gﬁ’e@ft@éé@sf bR¥MEE 10

above, al t hguedy béfowe%e&%séf%g pto%ng&%ﬂss!ténset'oe&{a"rugg‘?séld”’é‘éu%'c%lercﬁ/'eong the

wai | surfaces of both upper and | ower I'l portions 8 by such a net hod

and t her eafid@ptrengtly &ith [eelield gt BrRYNEN - B\ pMakaingreauiied &m’a@?iewamrrrﬁa?mti on 46
by laser, lr%gelgrlgt@ﬁt s@Eal%ﬁWe'daf'br tevel@l Qoé%mréhcw &t 8négy aH&BQ%téI?QWCN dance

vmththep sent invention is to appyanlnltlal thin " seed ayer of

conduct i ngOfn‘ﬁ@ dntiah levebofare-polagisatinmniep couesreneing GdQS?t@m’dﬁ‘éqU@mﬂthy\ thénove t he

seed | gy ase‘ﬁ ?lon W%Sap%roané m, Has SAR s ,8%0 é»fwc elté'f%%ﬁelar eas of
.. the channe eaneectro i's not require to 20

enpl oy an kdightl iloédBe mirderi al Ot e Maimuand: & d@rmgwnth/ trhuttlklent Itcayaéiﬁctof

el ectrode h%ﬁbrﬂlreb&aﬁ%ﬂ§ﬁ areas where the seed |l ayer remains. A materi al
ayer 1S 0osen so as to give good adherence to the

pi ezoel ectri c nwdtr bakpprediateg thet thepogh valde ioh palingareigige e/ gppisgiLaaressi ng,

t hat al |l owng .t he. | pr esent

exanpl e, t erg'lgtn%ru lo{t«%%kﬁgsg%gé@ef cl%%?lle%ha%lleg Sr% % epg@“use é!t{lg D}pe

el ect r¥idesudeheins elovesndurang|aymabpheraitu@mvoidsarcing. uSiupanesd (4 fArddegMar dfl,

pol arising voltage V is subsequently applied between el ectrode 70 and

conductive nmenbers 74,76 | ocated on the uppernost surface 72 of the channel

wal | and the | ower surface 40 of the bz_%se portion 50



respectively. A reversal in polarisation direction results at %8 %\Wa '@82
whil st that | ower 30 portion of the wall 48 encl osed by el ectrodes 70

remai ns una&g%g‘ég. It will be appreciated that the arrangeﬁg_phg?g/?(ﬁg ure 1

1, with el*¥ 70 positioned in the mddl e of the sheet on
the upper surface as is the case with electrode 30 of figure 4, allows

-greater repolarisation field densities both in the upper wall 46 portion
et o 1 GHPBTILNEH BFTEUBO BTSSR i aBs BTe e PEIRE Thi o i s
3~ turn anbpWolsfishRUGasbr ROVadULEAELAA coaldrady e BEmealPYedhe Wakil t he
attendant s 2 ~ ~ 93 G 2002 WO 99146127 PCTI GB99100718 advant ages in

terms of @NARPYfay AN AjECUBHICY SUBSRAVERY eleftiade sleasstnny SigRei redusingg
neasures,mg;,@famﬁ,iﬁ,%ﬂ,a,le_ step of depositing an el ectrode over the whole depth
of each channel wall then allows the actuator walls to be operated in
chevren node. The present invention is particularly suited for use with

channel | ed pie i t_hat : i as
general ly knovﬁag}.‘%fé %f;%%}ﬁ@&%kﬁs ggﬁegﬁ%‘%‘ P‘E@gr‘%ﬁﬁﬂépﬁé"?@ﬁﬁ g‘gtPeference.
However , thaldhkang!lpisgespasticdiat By akeragtivedreangemepoioaippledsing hgemirtianedfer i al
referred tgo ; 0 i j i1,0Nn i single

i ot ort PREOaERbe AR ol FRERGRET, e BhdcmerEbiREl Seblidel B er

t o t he tofisisgbcathe so@k|te pprinty enapseppl bashisiden tod lawes viad clortiogpuésslymgt | | ned
abov Tt widl [ t : el [ been descri bed
by vl or2dbccn 8 ARRAE BeRl R duh R pe, SRR bl Shaf a0 B hean b
made wi t hoonvertionad égaded ngjatingb reléctreds cagposivbn t inethiody enetared. 1d-aboesanpl e,

channel s f Ln. e ide.of a sheet o i,ezo-naterial,

cetive oripedt i BAle pbdP I aeRh Aol Ml BISHBRG n RHESK AT

i nacti ve Hostouppéd & lbdanmmwail potibasA@K8 bynslich lreemietozl| andf tberedtiepledtiovej ect i on,

rat her than bej. Qcat ed the end of the annel , y. .be arranged

|t o oo B SORIEP ah EARE o R hEeP el brlR s IR AT S B S,

conf ilgur ahetony. Figure 12 is a sectional view taken parallel to the channel

axis of a such,a "sjde-shoot.er” printhead.incorporating t. ro of nozzl es

90 and 92 fOrré&rgfﬁﬂrgfwgwén&cgcﬁga%' w@leghe arﬁsg?tr'gﬁ‘a’é'ﬁﬁﬁ%ﬂ% ﬁﬂ%@\ﬁ”from

co- pendi ngjtiRCTEhiapseed alyan oBcofdi28n§ 3056 riéli he @llptheatkghrieersetiacdy to

ref erence is notable for the fact that the t rows of n |l es are

Coppl + od ShpepctieRRY fnSie Bk sepr o 5 ad'chy tbErt 1 20988 SePiatted the base

of a si ndgtoen twanpedas2Dihe ehahha wvelawpbre arhelettrodehie nat reayiraf arbiaatlyl el

channel s is .formed in.piezoelectric sheet, 10.b aw_n th ngl e, of the

| ongPPudiSTRIO% KinfProSess PRING Aehais  1on BeRRT ot FREL YR GHEGO%he

subst r at enatetialtin thesé arcdahevhdte peisnedagdr (ethearat admbteriarfooive 38¢d bigienid chosen

such that  dropl et jected fromfirst ,row of. nozzles 90 are interl eaved on

Che substSPaTE ot 5 d¢ GIeoPRL BEREERCT (B e SRR MRl s, 19 88 o2,

t her eby diepbsitedgn tlrearpent.g eputerhg,ahatasions therentrel surfabe obiedch cHaanéiwo
substrate .notion

o221 2= d o8 el S RRERRL 14 o8 B8 RO ol nd P ALY 20
t he @bvewsddfahamelettratesasenseiveenuensaatniiount he time delays in dropl et
hr ce- oycl e 1 P HGSTIRE M Cuestan P s FoleoEnis Bu Hserub FORIFSd Such a
routine aetivexsselectaided?hand|@ndfidisetmembesl ¥4,k dorated .on. ther eppeiriiodt- 0 376
532, and Conseouenthy chbide W 8% HleSEuRPednhle AV oPhEALSR: S5LiEh soher e
respectively. A reversal in polarisation direction results at 78 and 80 whilst that lower
30 portion of the wall 48 enclosed by electrodes 70 remains unaffected. It will be
appreciated that the arrangement of figure 11, with electrode 70 positioned in the
middle of the sheet rather that on the upper surface as is the case with electrode 30
of figure 4, allows greater repolarisation field densities both in the upper walil 46
portion remote from the channel bottom surface and in the base 50 portion. This is

35 turn allows a reduced polarisation voltage to be employed, with the attendant
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Figure 12 is a sectional view taken paraliel to the channel axis of a such a
“side-shooter” printhead incorporating two rows of nozzles 90 and 92 formed in a

) nozzle plate 83. Such an arrangement, known from co-pending PCT application
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GB98/03050 (incorporated herein by reference), is notable for the fact that the two
rows of nozzles are supplied with ink via respective rows of apertures 94,96 formed
in the base of a singie channel 20. In the example shown, the array of parallel
channels is formed in piezoelectric sheet 10 by sawing, the angle of the longitudinal
channel axes relative to the direction of motion of the substrate relative to the
30 printhead (denoted by arrow 98) being chosen such that droplets ejected from first
row of nozzles 90 are interleaved on the substrate with droplets ejected from the
second row of nozzles 92, thereby doubling the print resolution as is known in the
art. The two nozzles in any given channel will also be offset in the substrate motion

direction 98 relative to the two nozzles in the channels lying either side the given
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channel so as to compensate for the time delays in droplet ejection brought about by



arrangenent of inlet manifold 118 and outlet manifolds %20, AUR2002rmed in a
support 124 that ensures a constant flow of ink past the nozzle) as S
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WO 99 461%’7e Bg 6?\/&%%{ ggelﬁrmted dots allows a significant increase in image quality

20  over printing with fixed dot size (so-called “binary” printing).

The disadvantage of such an approach is the concomitant increase in the
amount of data to be fed to the driver circuitry for each channel. For example,
instructing the ejection of up to fifteen droplets per packet necessary to print
photographic quality images with a printhead having a 360 dots-per-inch nozzie pitch

25 requires 16 data levels (15 dot sizes plus zero) expressed in four bits. Measures
therefore need to be implemented to ensure sufficient data flow, particularly where
there are a large number of nozzles (there may be over 4600 in a 360 dpi printhead
having a 12 inch print width) or where the rate at which droplet packets are ejected is
high (typically 10 kHz). Such measures, well-known in the art, may include a

30 reduction in the number of ICs that are cascaded together and an associated
increase in the number of data inputs necessary to drive each group of cascaded
ICs.

Each of the droplets in a muitipulse “packet” will understandably require only
a fraction of the volume of a corresponding single droplet ejected by a “binary”

35 printhead. This can be achieved by a combination of reduced active channel length
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8. Method according to claim6 and including the step of enﬁ ag' g a
polarising electric field in direction parallel to said Z%CA g é wal
surfaces and perpendicular to the |ongitudinal axis of the channel. 5 9.

Met hod acowodpme2to any of clainms 6 to 8, wherein said firsRCHABIEEIHhd
portions lie renote fromand adjacent to a respective channel bottom
-surface respectively. 10. Method according to any of clains 6-S, wherein
said fi rStar@EdeH?elﬁodéldmﬁlérrtdoQﬂ?s 10a4 iie kadjvmcelnhetam annheriamﬁ@dd‘ ri@smoad
.respective channel bottom surface respectively. ,) 11. Method according to
any of cl dinekageq) e SmaHer @?ﬁ?ea?t beIga I'SYnA 18¥ %’Qgrt?af]ivﬁf AR #1% f or ned
i.n a firstarfdhgbaeht SfiniseinenioEets ad biklet FRnIHIES bt ROM 2DffoinfkR) i6 ReRppéryi NY

bet ween the bottom surface of said at | east one of the two channels and the

opposi t e 1Rl esHresta qanataghiivt oftipk BastdNG Rez2te. 85 iSrURleknowa pegge-hod
accordisng to cl-gidnpkdsenBi&HtBnS A thot UrdsiiRledP @6 T {n@N “trevRAF apbiafdtibm a
direction parallel to the direction of polarisation of said first portion.
20 13. Metdeoliowetdt aicthiat hetd mambe inganres it Vhish icis figpiraliintp $tad frofeds of

| ocati ng agReconteSRRARGLI NEich AYEHoPBedtSpdit BREbIbA M % RREIASANSAhE f i 1t
and second portions and generating a polarising electric field across the
further paheitiekngss deastion.Hewbisbsase armigaltan aidhe prpeentamuenten willresultier
conductin : ' ELYi ol =Y further
compr si ne B el ey N N b Rode o RSB ek P B8
secondOporthe driekness disection.be abl e to deflect both portions sinultaneously.
15. Method according to claim 14 and further conposing the step of l|ocating
said 30 actuating electrodes so as to apply an electric field in a

di rection normal to the direction of polarisation of said second portion.
16. Method according to claim7 5 when dependent on any of clains 6 to 13
and further conprising the step of |locating said actuating el ectrodes on
respective 35 channel -facing side wall surfaces. 13 210 1 ~~ G 2002 WO
99146l 2? PCTI GB99/ 00?18 17. Conponent for use in droplet deposition
apparatus conprising a honogeneous sheet of piezo-material fornmed with a
multiplicity of parallel, open-topped channels nmutually spaced in an array
direction normal to the length of the channels and defined each by facing
side walls and a bottom surface extendi ng between the side walls; at |east
one of said side walls having a first portion renote froma respective
bottom surface and a second portion adjacent said respective bottom
surface, said second portion being polarised in a direction normal to both
the length of the 10 channels and the array direction and said first
portion being either unpolarised or polarised in a direction other than
said first direction. 18. Conponent according to claim1l7, wherein said
first and second portions are polarised in opposite directions that lie
normal to both the length of the channels and 15 to the array direction.
19. Conponent according to claim1l7 or 18, wherein at |east one of said two
channels is forned in a first surface of said sheet, a further portion of
the sheet |ying between the bottom surface of said at | east one of the two
channel s and the opposite 20 surface of the sheet to said first surface.
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20. Conponent according ta claim 19, wherein said further portion is
polarised in a direction parallel to the direction of polarisation of said
first portion. 25 21. Conponent according to claim 20, vvher§€ }?@d@fgy{ther
portion is polarised-in a direction opposite to that of sai i tion.
22. Conponent according to any of claims 17 to 21, wherein actuating

el ect rodes @eeng ocated on said first and second port| ons so as to be able
to deflect both portions 30 sinultaneously.. 23. Conponent according to
xclaim 22, wherein said actuating el ectrodes are |ocated so as to apply an
electric fikld iMeshat ofgutarcmgeeppeindiod alnawndithit piezokieeet iaotuaabr element

pol ari sati n of sai ortia 9946127
DTy Gaoel 0071a1s5a T CITBRR et AAPRE T T aRAREDS Rai P8 1 4in b Seeaad
actuat i ng gleabnndas métBol @emipeidingntheasfmrcs. ve channel -f aci ng SI de wall s.
15 . A ?. Aln9. Ah@A9 AS. A %A AL.A.A5. AAF. AA.A CH

0% f T4y9[ d~yt o] e PIOFiRG] 2 4T eaFeaiusanearye) tuFeatpeheH] a8 éaitcapcma] ¢hg ca] ca
lcal Cal cal %n%ﬁt a]@ aUlng AkGRed ;]r;@rl.%ﬁ]oq tﬂ%% Trl‘é]n]‘f%]aﬁ %u ote tial, an

ca cal ca]ca] ca] ca]ca cal ca ajcalc 1ca] cal ca]
ca] ca] ca] ca] c$aLQQI$aé]mg] @a]lcailoa]empw]leﬂa]aceqsealh«sq:ond portlon between said

u'!lrrk" ##$O§§§/%/§T§é§] ]1_} (C]) b+é d Z] c]]ca] ca]ca] ca]ca]ca] ca]ca]ca]ca

] ca] ca] ca] cfé{f ca] calcalc
a] caltca] ca] ca] ca] ca! +V+++++, AV T 2011 1000122032444$5| 55&6{ 66| wr mhc”"Y]

Jeol s e et s saleal ) bt salesleslelen oo
V==>N>>>%@M%AM‘BBB&B};&@@E)&n%cbeahealmah&@&a&mbeﬁlétcca:]naakﬁ bﬁa] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca] ca] ca]ca]c"a]ca]ca! $Bi REKLLLL
LLMM so as to partially enclose the first portion.

NWNNOPPQo QOQRj RSSTT- UU* VWHW W wr mhc”Y] c] c" a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc"aU] c"a] ca] ca] ca] ca] ca! (\V\8WEW/o
Y\ sl5aa. a: @-aaa) WaBiokceerandiBe dof Fn@yeyghaue] §13ims fz]Fc]h]ecfa]Sc@]chaqrcaI &hg ca] ca

]ii:g] ;aj] E%(Eek?t}(rf?*ﬁ@]p“o@e]r%%hca] ca] ca]ca] ca] ca]ca]ca] ca]c"a]ca]ca]calca]ca]calc
| Ol | <oBoDoJoLoNoUoWhq: g=qqrarw s. tttOuu&v) vzupkfa\ W] ca] ca] ca] ca]ca] ca]ca]c

a] calca] ca]calc ca ca
ey o o Vol TR ioats o A s ERRGF BRI SRR EadhaR T
ca] ca] ca] ca pddang elpctulccfid|d afoas tlad s¢@ndadoctddcialacdijecabo aliclaks & palposd ca] ca
a] c?q nGwW 382 SEFRRAR TP A 175 on R oer dafheficsntioned spleratisn &) 1 s cag ca
] ca] ca] c" almafidrc at ¢ad elaineha] ca] ca] ca] ca] ca] ca] ca] cal] ca] caGH{} <! 11
"10%9 () (& ()-01 "10%& ()-0!'Sl "1098(3(& ()-0 34910% & () -9l
10 & ()-!LM109& ()- {$kl zXe6!X

5. Method according to any previous claim, wherein the first portion of the

element is polarised in a direction perpendicular to the direction in which said
25 portions are deflectable to effect ejection of a droplet from said droplet deposition

apparatus.

6. Method according to any previous claim, wherein the piezoelectric actuator
elementis defined between two channels formed in a homogeneous sheet of piezo-
30 material, each channel being defined by facing sidg wall surface and a bottom

surface extending between the side wall surfaces.

7. Method according to claim 6, wherein at least one of the said two channels
is adapted to contain droplet fluid.

35
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) 11. Method according to any of claims 6 to 10, wherein at least one of said two

channels is formed in a first surface of said sheet, a further portion of the sheet lying
between the bottom surtace of said at least one of the two channels and the opposite

15 surface of the sheet to said first surface.

12. Method according to claim 11, wherein said further portion is polarised in a

direction parallel to the direction of polarisation of said first portion.

20 18. Method according to claim 11 and further comprising the steps of ocating a
second conducting layer so as to partially enclose said first and second portions and
generating a polarising electric field across the further portion between the second

conducting layer and said further conducting layer.

25 14, Method according to any previous claim and further comprising the step of
locating actuating electrodes on said first and second portions so as to be able to

deflect both portions simultaneously.

15. Method according to claim 14 and further comprising the step of locating said
30 actuating electrodes so as to apply an electric field in a direction normal to the

direction of polarisation of said second portion.
16. Method according to claim 15 when dependent on any of claims 6 to 13 and

futher comprising the step of locating said actuating electrodes on respective

35 channel-facing side wall surfaces.
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20. Component according to claim 19, wherein said further portion is polarised in

a direction paraliel to the direction of polarisation of said first portion.

21, Component according 1o claim 20, wherein said further portion is polarised in

a direction opposite to that of said first portion.

22, Component according to any of claims 17 to 21, wherein actuating electrodes
are located on said first and second portions so as to be able to deflect both portions

simultaneously.
23. Component according to claim 22, wherein said actuating electrodes are

located so as to apply an electric field in a direction perpendicular to the direction of

polarisation of said second portion.
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