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t her eof e present invention relates to droplet d 1L
appar at us, W?\g%égrlyl]cul ar an inkjet printhead, which conpri sgp(gﬁéh%azﬂgﬁo

comuni cating with a supply of droplet |iqui d and an opening for ejection
of dropl eDsoplet Dépasitiont Abpardtus rand: MathekissoftiManafactuee tHesbsto! aceabl e in
response to electrical signals, thereby to effect ejection 0o roplets from
t he channel . Figure 1 a is a cross-sectional view of the channels of
the prior art inkjet printhead construction according to W92/ 22429,

bel ongi ng to the present applicant and incorporated herein by reference.
Pi ezoel ectric a'hsapr'eselsheﬁentm te‘tatpeltecﬁrbplet tispositiark msaraﬁ:s e:ntda?ﬁcmir and

f d I ded [l el
o the chinor PSS k] cRBNEE S channelgriuARabPS sieR sumbly Stiopiate
on el t her igdeart anaspienne for Hection cﬁld%ebrewtﬁerefrsnﬁ%m ¢ 3RB! drEnleP syl

plezoelectrlc mat eri al t he wal , causing themto de I n shear
in a di rebeinghdisplassablesia respense toreianisicahsgiopalspithereby do wﬁeete}acbom oér eby

gener at edg&,?riblé&(fﬁ%%h 'ﬁq}gépsult in the ejection of an ink droplet. These

principle art, e.g. fromEP-A-0 364 136, belonging to the

present appl i c#iguranta iw@rmnséatbrtww\m obYhe ehaniedIS of the prior a@hﬁﬁ]&?' s 11
are closed along one side lying parallel to the channel axis by the surface

of a covenP”M’W‘best"é{?HGG@FFQ@'ﬂQ I 092/22428 heelorgingprithe prasent\applisant he

i Che” b PSIEFEARARER oy Gl PSR ARE AT THEL 1838 pE Ul

and cr eat tinigkrmess direction 17 and formed in one surface with channels 11 bounded on two
sides lying parallel to the channel axis by channel walis 13. By means of electrodes 23
formed on either side of each wall 13, an electric field can be applied to the
piezoelectric material of the walls, causing them to deflect in shear mode in a direction
transverse to the channel axis. Pressure waves are thereby generated in the ink which
result in the ejection of an ink droplet. These principles are known in the art, e.g. from
EP-A-0 364 136, belonging to the present applicant and incorporated herein by
reference.

Channels 11 are closed along one side lying parallel to the channel axis by the
surface of a cover 14 having conductive tracks 16 at the same pitch interval as the ink
channels formed thereon. Solder bonds 28 are formed between tracks 16 and the
channel wall electrodes 23, thereby securing the cover to the base and creating an
electrical connection between the electrodes and the track in a single step. To protect
them from later being corroded by the ink, electrodes and tracks are then given a
passivant coating.

As shown in figure 1b, which is a sectional view taken along the longitudinal
axis A of a single channel of the prior art printhead of figure 1a, a nozzle plate 20
having respective ink éjection nozzles 22 is mounted at the front of the sheet 12 whilst
an ink manifold 26 is defined at the rear by a manifold structure 21. Tracks 16 are led
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el ectrical connection between the electrodes and the track in a single
step. To protect themfromlater being corroded by the ink, electrodes and
tracks arew®me¥iygg#ven a passi vant coating. As shown PaT/GBg8r03@s0l b,
which is a sectional view taken along the | ongi tudinal axis A of a single
channel of the prior art printhead of figure 1 a, a nozzle plate 20 having

respect it¥qhd ra&a:eb\eéévm A ZoBhedior o AAH0s SHcdit, tgeﬁafl)?r%mt}oﬁﬁe(# @.ﬁ sheet 12

whi |l st an i nk nanif I's defined at the rear ucture
21. Tr adRicrachip 28 Wbiah |n turn is driven by signal received via input tracks 18. 1
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PCr / GB98/ 03040 Printheaqs.of thig itksthe chapnglwalls, - apdiaRarticulanthe elestirdesi rcuit

typi cal legrrRe® enérdni D a?e Gftéﬁ %Eéﬂa?eﬁ é’ti‘hé‘ % tett fofnSs ée)sjﬁaﬁ\té’orfdhsémﬁ%nn ol

received via input tracks : I'n prlnt eads of t

wal | s - thednk. rﬁpfgremctmISamaﬁaen &his cegarddo WOOSLY 820 irconporatedcherkirely
passwatrgﬂeréﬁ gs to protect from subsequent corrosion by the ink. Reference
i s made I f regard to W95/ 07820, incorporated herein by reference.

I n the devi candhedescs disbossad SiSovwR BlowevEH CSusHBNEritioRal pés%wt:&ﬁtﬂr@ﬂto
prior to attachnment of the cover woul d i nhibit the formation of sol

bonds beatiacbmeniofdhe covetwsulshimhibitthe fagmationef soldenbords h@wen[ﬁhSSl vat i on
oot Bo8Re 438 116 TACRLL O 168 i Rl hEPAIL Sfied ERRAAFpRReEh. "
especi al attachiedtdan ohlypse appligd from ttabaimwd)f the robiaangl, easuiitiey nhwq'hawds
coating of the electrodes and tracks, especially at the midpoint of the channel remote
from the channel ends.

The present invention has as an objective a printhead construction that retains
the connection advantages associated with the conductive tracks formed on the cover
of the prior art construction and yet is amenable to passivation.

Accordingly, the present invention consists in one aspect in droplet deposition
apparatus comprising at least one channel having means for communicating with a
supply of droplet liquid and an opening for ejection of droplets;

the channel being bounded on at least one side lying paraliel to the channel
axis by a channel wall associated with actuator means; the actuator means effecting
displacement of the channel wall in response to electrical signals, thereby to effect
ejection of droplets from the channel;

the channel being bounded on a further side lying parallel to the channel axis
by a cover surface, the cover surface having formed thereon at least one conductive
track for conveying electrical signals to said actuator means, the point of electrical
connection between the track and the actuator means lying outside the channel.

Since the sole point of electrical connection between the track and the actuator
in accordance with the present invention lies outside of the channel and thus out of
contact with the ink (with its potentially corrosive effects), passivation of this point is no
longer required. The channel itself can therefore be conventionally passivated via the
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The present invention has as an objective a printhead construction that
retains the nection advantages associated with the conduc}l S
formed on tméggb%}% of the prior art construction and yet |§%§ﬁg{§ﬁ§§’to

passi vati on. Accordi ngly, the present invention consists in one
aspect in droplet ﬁ%ﬁ)sition %ar a&us con‘gri sing, at | east one channel
havi ng ne8QREN{CHS £ Fhanisis ¢l Werealter, g sPyeTsran pe stlached @mddelgatricah

openi ng f eﬁn%'gﬁ‘?&aﬁﬁsﬁgd QFﬂgeﬁ the %oendghcﬁvé Wr%cﬁ@%ﬂr\‘éé &%E%BQHQ%%Q\HﬁQP at

| east one si yl nhg para tot annel axi s by a channe
associ at ethaginsrassocizied withethesgharine! watlsabven irearmintidatthatg- becplsecsitrat

of the channel . wal.l.in response to glectrical. signals, thereby to effect
o] et on BPECRTJBRA S SURERD Eifsfes Nt 16auIrg RASGHEVRILIZ DAk G SIS on
a further . ' 1 t | ;
cover sur P o R R P B InfRoRRH3s 1 LSf o el
conveyi ng fafiguet thapdhe sihgnakls-length siotties dianas @f the arisy artrdevice of fiodres 1a,1b.

SUtel de the- onArfir8Sbonting FHAE abhERihd 1 2 ot Apedfbbne TaRten pteisisdn
bet ween t Bembtfsdk opnLtR Gt dfadreplet :d€p6§i‘ﬁ8ﬁ Gpparatil ethB8 d?mesfacture of

invention |ies outside of the channel and thus out of contact with the ink
(wi th itsdpeplehdeposition appamtys thefmethey comprisingitheodteps afhis point is no

| onger requi r e‘i’?wﬁh& iff P0G cbhBBhEnt A ebBPER 8E:SnQt%pBQHVc%%h&‘%é,yboun%

passi vated via
99/ 19147 said channel on at least one side lying parallel to the channe! axis, a channel wall

PCT/ GB98/ 03050 . open tops of the chapnels. Thereafter,  the cover can be
attached asgoeigted with gctuator means for effecting displacement of the channel wall in
response to electrical signals, thereby to effect ejection of droplets from the channel;

closing the channel on a further side lying paraliel to the channel axis by a
cover surface, the cover surface having formed thereon at least one conductive track
for conveying electrical signals to said actuator means; and

electrically connecting the conductive track and the actuator means at a point
lving outside the channel.

Advantageously, the step of closing the channel results in the electrical
connection of the conductive track and the actuator means, thereby simplifying the
manufacturing process. '

The first aspect of the invention aiso consists in droplet deposition apparatus
comprising: a bottom sheet of piezo-material poled dropiet deposition apparatus
comprising:

a bottom sheet of piezo—material poled in a direction normal to said sheet and
formed with a multiplicity of parallel, open-topped channels mutually spaced in an
array direction normal to the length of the channels and defined each by facing side
walls and a bottom surface extending between said side walls;

a top sheet facing said bottom surfaces of said channels and bonded to said
side walls to close said channels at the tops thereof;
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contact established between the conductive tracks on the cover and the
actuator neans associated with the channel walls. Even in-a printhead that
- because o¥ophBype of ink it is.designed to fire - does RCI/GBIGO305E
passi vation, a point of electrical connection |ying outside the channel as
per the present invention is less likely to fail in fatigue than the
channel -1 engt al der n of th .ior.art .device ,of fjqgures, 1a, 1b. .
A cor r espondi F@ﬁ?@ﬂﬁ%@%%g@gﬁﬂwuﬁ(?g 9 ?”t‘tgtsaégﬁé@f'ng? f‘?‘h@" i i9elinn efdroplets
consi st sof fiqudthéfeddnef nmanufacture of dropl et deposition apparatus nethod
of manufacture of droplet deposition apparatus, the nmethod conprising the
steps of: conneglian mgans fr epnnectivensaiskehannels witbia sowrcesé droplpbed
channel : ' said channel on at |east one side lying parallel to
t he changg{;o%‘ﬁl&gmgﬂghannel wal | associated with actuator neans for

ef fecting di swheesinesdchothdrinel Ehformeld Wit b forwArdspert iewhizhediefkddeaddre

signals, thereby to effect ejection of droplets fromthe channel:

cl osi ng PHRYIASHARAPRSSIE Sidast pleat '§?§Fe°ﬂ%lpf1§‘ep%iﬁal"¥@|s definingetherchanmel axi s by
a cover r one
conduct i \%& r%?i??( férlg'? aﬁﬁé\?ﬁgﬁ é\%é g e(a:lt r?fggﬁﬁécﬁgﬁg?rgtp!ﬁg eggplg?&a{‘c\ltrﬁ@?ﬁ&? nmeans;
and chamhelrandcal | y connecting the conductive track and the actuator

means at a point |ying,outside the channel. Adyant ageousl y, the step
of ol osi ng t hWRERERHRACT SRTINEL IS Tormae Vi & rerBRrduRRth Baving nop e ally
conduct i égndii@diie cotling WhreRlig '?rSI_ %{aec]ﬁ%%'ﬂ %onfa@?%ﬁ%?é'ﬂééétﬂn@gelé&?o e on the

manuf act uri Ng process. I rst aspect of t I nvention als

consi st s changelofacing sisiesxfithe sidgyalsiiruthectonwardspad; a bottom sheet of

pi ezo-materi al I t | tion_apparatus. conprising: .. a.
bot t om sheet 8?8@‘?@%%%%&5%%?% °?‘ﬂa 5?’#2'&".‘6’?? %"ﬂﬁré]gﬁns%ﬁ‘%wgﬁéeé?
and formed w tife apputdtu$ firtidricomiprisesaldniuctiad BackS RiMATEICORTHE Isbirfadé bpl | v
spaced in an array direction normal to the |ength of the channels and

d
defi ned é&akhtopyshagtithgt isi krndeg) tossaighgide walls: dhe sonduetiveckacksdieing et ween
e el _ o e ‘ o
Shannel o S8icdl contact witirsoAeShREhy ARAIENRPLSathY 1R WamERd pll 0% O

t her eof ; A corresponding method comprises the steps of forming a bottom sheet with a

Iayer of piezo-material poled in a direction method of manufacture of a droplet
deposition apparatus comprising the steps of:

forming a bottom sheet with a layer of piezo-material poled in a direction
normal to said sheet;

forming a multiplicity of parallel, open-topped channels mutually spaced in an
array direction normal to the length of the channels, each channel being defined by
facing side walls and a bottom surface extending between said side walis, each
channel further having a forward part and a rearward part;

forming electrodes on opposite sides of at least one of the side walls defining
the forward part of each channel, thereby to form a shear mode actuator for effecting
droplet expulsion from the channel; and

forming in the rearward part of each channel an electrically—conductive coating
in electrical contact with a respective electrode;

providing a top sheet having a surface formed with conductive tracks thereon;
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3 SUBSTTMIE SHEET (RULE 26) WO
99/ 19147 :

PCT/ GB98/ 0 ¥{§2/19147 respective nozzles comunicating wt RIS el s
for the ejection of droplets of liquid therefrom connecti on neans
for connecting said channels with a source of droplet deposition |iquid,
Wher ei nggach channel is fornmed with a forward part in which electrodes are
provided on opposite sides of at |east one of the side wails defining the
channel , t hebengingdhabpuiface pbte tapdshest thaxingr cansiuctive dnacks dheheopltetsaid

expul si f C el rel h.channel is forned wth a
r ear war gﬂga\&gﬂ%]ggieaﬁgﬁgﬂgg g%@?&&ﬂqeﬁ a@@%d@b? itsg'%(?&ati ng which is in

el ectrical cestablishingtdlettficaitoritactsietwaenaars rabie and thé PeHEtVE lelddfédly
sides of the side walls in the forward part; seat i ng neans separating

]Ehe Lorwﬁﬂﬂdlp_@me ¢0asing: pleeachshannelRnd ; and wherein f tpe apgar at us
sheet that | SOMRRECRIRE NGt B Sag e dWeld Bnaleobian ts dheag

el ectri ghkngeéint act with the el ectrically-conductive coating in said
rearward part. o L
A second aspect of the present invention consists in droplet deposition

apparatus comprising droplet deposition apparatus comprising:

at least one longitudinal, open-topped droplet liquid channel defined by facing
longitudinal side walls and a bottom, longitudinal surface extending between the side
walls;

means for applying an electric field to piezoelectric material in at least one of
said walls, thereby to effect displacement of the wall relative to said longitudinal
channel so as to eject a droplet from the channel; and

a cover closing the open, longitudinal top side of the channel;

wherein said bottom longitudinal surface of the channel is formed with an
opening for droplet ejection, and;

the cover incorporates two ports for supply of droplet liquid, the ports being
spaced along the channel on either side of the opening.

Such a construction agairt simplifies the manufacture of known printheads,
particularly those of the “top shooter” kind discussed in W091/17051 (belonging to the
applicant and incorporated herein by reference). Figure 2 shows a sectional view
along the channels of such a prior art printhead, with those features that correspond to
figure 1 being denoted by corresponding reference numbers. Droplet ejection takes
place from a nozzle 22 formed in the channel cover component 60 whilst dropiet liquid
is supplied to the channel via poris 33 formed in the channel base and which are
typically connected in their turn to ink supply conduits (not shown) formed in a base
component 35 that is separate from the piezoelectric channelled component 12.

In accordance with the invention, an opening communicating with a droplet
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A correspondi ng nmethod conprises the steps of formng a bottomsheet with a
| ayer of plezo-material poled in a direction nethod of manufacture of a

dropl et depwewp/1UW? appar at us conpri sing the steps of: PCIT(3BIBAZPSA
bottom sheet with a |ayer of piezo-material poled in a direction normal to
sai d sheet, formng a nultiplicity of parallel, open-topped channels

each- chasiERon drifge dS Formas i ediaeg shaca.f ke ChgmeT Berey alawingdhe
ext endi ngobst ¥afBoarttoshelpuRit porBsh salmPeF ink Itts RS chardloATuhREyar d

part and a rearward p ; i orm ng el ectrodes on opposite sides of at
| east oné&eparate dase sompanent inconsagyentiy npdengeraregdiredof each channel ,

the channel ; Aniircaltcr BEi ARSHAST kaPrsts afep ptfesduchaf iRl "an
el ectri cabmprisfigduct i ve coating in electrical contact with a respective

el ectrode,; providing a top sheet having a surface formed with
conduct i ve tr & least eeedengitudinal, open-topped droplet liquid channel defined by facing 4

WO 99119 T ‘ S . .
pCTVCB0s MTinal side walls and 2 bottom, longitudingl surface extenging betwsen the side
conduct i wealksf acks thereon to said side wails so as to close said channel s
at the tops thereof; est ablishipg electrical contact between said

tracks and t hdneaREESUPRIYNGEianietd) to the channel;
means for applying an electric field to piezoelectric material in at least one of

said walls, thereby to effect displacement of the wall relative to said longitudinal
channel so as to gject a droplet from the channel; and

a cover closing the open, longitudinal top side of the channel;

wherein the bottom longitudinal surface of the channel is formed with two
openings for droplet ejection, the openings being spaced along the channel.

Such a construction brings to the arrangement of PCT application' no.
PCT/GB98/01495 - belonging to the present applicant and incorporated herein by
reference - the aforementioned advantage of reduced component count.

Corresponding method claims are also comprised in the present invention, and
other aspects are as set out in other independent claims.

Further advantageous embodiments of the invention are set out in the
description, drawings and dependent claims.

The disclosure of all claims is deemed incorporated here as consistory clauses,
unless already set out above,

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

Figure 3 is a sectional view taken along the channel axis of a printhead
according to a first embodiment of a first aspect of the present invention;

Figures 4a and 4b show detail of the rear part of the printhead of figure 3
before and after attachment of the cover respectively;
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-conductive coating of each channel; and provi di ng seal i ng neans
separating_t orward and rearward parts of each channel. ond
aspect ofgWﬁgSﬂ;EQent i nvention consists in dropl et depositrgﬁmgﬁggﬁg us
conprising droplet deposition apparatus conpri sing: at | east one
| ongi tudi nal, open-topped droplet |iquid channel defined by facing

| ongi t udi nal Figute 5vis &seational Wewttaken biongi thedihanheb axisasfa prhpRENNT

bet ween the side walls; . _means for applyi an electric field to
pi ez00l EEERICING IR BSegoh! Prabogimert of Adrek S3RCY L9 BresanéiRNtOD: of f oot
displacenent ed, e i9'aldectighal Viuf thRer 2idhg MBLrarnflel akis gﬁb@gdas to
eject a droplel fromthe channel; an a cover closin € open,

| ongi t udnccapotatipgdiate fisst arld-setcanthespects of the plesest inveatidnpot t om

oSk, "an 800 s SlseblnSIHaN i S, el P Bl o' ©
dropl et Joegtdifg o E%é%&?ﬂ%rﬁﬁbdﬁﬁ\éiﬁ%‘ﬁﬁdséﬂoﬂﬂgaépﬁ&téﬂ NEteseht BiveAon;Si de of

the opening. ) h a construction again si rrgll Il es the manu acture of
known pri nt hdagure $is aidaiahperspestve view ohthe' e of Hu piezoelactric biddyobthed i n

W91/ 17051 .. be ' o the applicant and incorporated herein by
referengjgﬁn.ﬂg%%gfﬁb@%s ows a sectional view along the channels of such a

prior art priFighRade andt 1 anosectioral Hh@ YetdiPedtiohaf §iRWrdspetinly 8f anbei ng
denoted by correspondi ng reference nunbers. Droplet ejection takes place

from a raiternativecembedisaentofithe pERthaasd shaywein Bgdgohent 60 whil st dropl et

liquid is su ' - ' | base
and which ar gﬁ bg%ﬁ%gﬁgyég%%%ym&%{dng?%ﬁﬁré?anh%%“s]ﬂ%&?ﬁ%%kts (not
shown) fagpeet of theapleseet inveption Wit thodtafeatisres aatr ateccdmymon focfigure 3 and

pi ezoel ectric cha n accordance wth the

i nvent i dRe RIieT ﬁbaﬂ%leggrﬂ%%ﬂ gé?ﬂ?j‘%\? PRing G?ﬁilﬁ'l‘%tﬁd by common reference
5 numerals.

As in the prior art device, a piezoelectric ceramic body 12 poled in the
thickness direction is formed with channels 11 separated by channel walls 13. As
known from EP-A-0 364 136 referred to above, electrodes 23 are formed along each
wall 13 in the ink-containing channel 11 as well as extending along a rearward groove
100 to the rear face 130 of the body. In addition, there is provided a cover 14, a
surface 15 of which closes the open side of each of the channels 11, a nozzle plate
20 with nozzles 22 for droplet ejection and a manifold for supply of ink into the
channel in the form of a transverse cut in the body 12, Surface 15 of cover 14 has
fracks 16 formed thereon (suitable processes are Well know) which in turn are
connected to microchip 27 (which is illustrated figuratively in figure 3 and not to scale)
which in turn receives input signals from input tracks 18.

Detail of the rear part of the printhead prior to attachment of the cover is shown
in figure 4a: a passivation layer 140 (not shown in figure 3 but indicated by dashed
hatching in figure 4a) is applied over the entirety of the electrodes 23 (indicated by
solid hatching in both figures 3 and 4a) in the channel and part way along the
rearward groove 100. In contrast to the prior art construction, passivation is carried out
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WO 9949147

PCT/ GB9S/ 03050 ejection orifice is forned in the bottom surface of the
channel , tiveoe®vidl | owi ng the cover conponent to incor porat ECHEIRIE/NISH
supply of ink into the channel. A further, separate base conponent is
consequently no | onger required. A third aspect of the invention

Congi ¢ ucpaers BEENABACSE etV SRy AnFRERLL, arding 1n thg melfed .
| ongi t uddesdribeidde WD9S0Z82D, delorgingTo thengresent asplicant 5A6 madFbSAtEd Serein

i
bet ween the side walls; means for, supplying droplet liquid to the
channel ; bY referenGgaans for applying an electric field to piezoel ectric

TOLhal 0 A ABeriol sehata ol bhpy oS EELS 6 L5 1) BALAGRERy °
f rom t henznsrofl adhesive layer 160, applied tolthsiend sunfacepof the wals t1adhrthé régien
Shie o BERCHSRTYS 01 min o Aace Y S spihoch S Pepioephinmasrge
o120, S8R itpo Bpclasns wossipapsB BRRafR oSl e nd
present &mprparatad berein by sefecemnte: Figurectnillugtrates dne mssembiddepriritheadyewitih oned
a0t 20 b S SEnB R PRkl 2, e <SRBI B WD Sghet
out in ohBgs d IAGEE RiRIYe IFé FdFPthe correspondirig'Sdldaderid sgerRuUSHicHERPdi nent s of
the invention are set out in the description, draw ngs and dependent
cl ai ng. construction described above.
Electrical connection between the conductive tracks 16 on the cover and that
part of the electrode 23 in the rearward groove 100 is achieved by a protrusion 170 of
a malleable, deformable, conductive material such as solder affixed to the end 180 of
track 16. On assembly of the cover to the body, as illustrated in figure 4b, protrusion
170 comes into contact with electrode 23 and is deformed, thereby providing an
effective electrical contact 200 between electrode 23 and track 16.
~ A bead 190 of a sealing paste or high viscosity glue is also applied so as to
form on assembly an ink seal 210 between the end of the ink channel 11 and the
electrical contact 200. Such a seal protects the electrical contact from later corrosion
by ink. Preferably, the seal is positioned so as to straddle the free end 150 of the
passivation layer 140, thereby-preventing the seepage of ink under the passivation
layer from where it might otherwise attack the electrode material 23.
Figure & illustrates a second embodiment of the first aspect of the present
invention. A ceramic piezoelectric body 290 is, as in the previous embodiment, poled
in the thickness direction and formed with channels 11 separated by channel walls 13
which in turn have an electrode 23 formed an each side. Ink ejection, however, takes
place from a centrally located nozzie 320 formed either directly in the cover 350 or, as
shown, in a nozzle plate 330 communicating with the channel via an aperture 340
formed in the cover. Body 290 is additionally formed with two manifolds 310 for supply
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The disclosure of all clains is deened incorporated here as consistory

cl auses, eady set out above. The i nvention
descri bed E}&g\’ﬁalﬁ%# exanple by reference to the foll ow ng dll)%ﬁrgm%%%a
whi ch: Figure 3 Is a sectional view taken along the channel axis of

a printhead according to a first enbodi ment of a first aspect of the
present oihiem:bath;ends of therthamnek asdndicaterhby lasrows800) Adlrthérstrecturepgot  of
the pri n%e@rﬂj) whi gﬁpaptfy?hésmatﬁ?ffoiHs Wil Thidkb& a Fhigeaent of the cover

6 WO

respecti
99/ 19147 Such a "double-ended" printhead configuration is disclosed in WO91/1 7051]
PCr/ GB98103050 gure 5 is a sectional view taken along the channel

axis of aelpngm@atﬂ\eaw@@am a@lmanha@@mp@rmnmm b(yfreéerrencs,t andpast of

channe! ST BEE T s ot ke idirliog RRedf fer PR sttt epbtherds,

the presgaécrivedabow; Furthermor&ltgurc@nﬁgumansacﬁaser@éo s Qkitédaiée@laﬂbfa&ﬂ:r%he
channel axis of a printhead according to a second enbodi nent of a second

aspect oPY fheUigingse & techdiaye;tbat is potentially, mare atiradiive ferm de ppimsfviaw vk
vi ew of E{hzxr%ﬁdél%@buh{??h&ﬁ saﬁ\grﬁ@hgu \bagytegﬁnﬂqnss sBlinERth e f10ure 7.

Fi gures are’sectio ectlona Views respectively of
an alter 'aﬁirémr’thuhedlm-mﬁschet’ipm nt head shown in figure 7. F| gure

3 illustrat esT?lepéolnr}ite ion o??heoalqelarﬂ?e! e?eércfder 3:; toe ggggﬁcr{l%%ttrggkst :Q?eo formed on
that surface of cover 350 facing body 290 is as already described with regard to
figures 3, 4a and 4b, however, and is k_Jcated in groove 360 formed at one side of the
body 280. Similarly, in the region of the channel itself (the channe! walls of which are
passivated prior to assembly) and at that end 380 of the body not occupied by an
electrical connection, cover 350 is attached to the piezoelectric ceramic body by a
conventional adhesive bond (not shown).

In order to minimise the distance travelled by the ink from the channel proper
11 to the outlet of the nozzle 320 - thereby reducing pressure losses and consequent
reductions in droplet ejection velocity — the nozzle 320 may be formed in the cover
350 itself. Advantageously the nozzle is formed by laser ablation as described, for
example, in WO93/15811 incorporated herein by reference, and to this end the cover
may be made of an easily ablatable material, suitably a polymer such as polyimide,
polycarbonate, polyester or polyetheretherketone, typically of 50um thickness.

The stifiness of a cover plate formed of such an easily ablatable material may
be increased by application of a coating of stiffer material to the inner and outer
surfaces of the ablatable cover plate. Particularly suitable for this purpose is silicon
nitride: it can also be used as a passivant coating in the process of the
aforementioned WO95/07820, is deposited as a smooth coating suitable for the
subseqguent application of a non—wetting coating, and will not short out electrodes of
adjacent channels due to its non-conducting properties. Two layers of such a material
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aspect of the present invention, with those features that are common to
figure 3 and the prior art printhead of figures 1 and 2 bei ng desi gnated by
comon r efwodsgel4funer al s. As in the prior art devi CRCT/@B98/03050

pi ezoel eciric ceram c body 12 poled in the thickness direction is forned

wi th channels 11 separated by channel walls 13. As known from EP-A-0 364

136 f : f . 13.i_p t
k- conplacan el 3 ot BEBOUAIAR codeRbfia eaETHAYE S iER TR arofii g% oo
to the rttm];roffthee:oﬂtféﬂ \S\%S,utrhial Meot;aselofaﬂdﬁlmitbztk diver)avirlllstyfpibalﬁly ﬁﬁﬁea'geclover
14, ' [ t 11,
2 noszi SeBREBSORTF N AAISPEST 5210 GPaSHAY! SIanGREL EPEWOHRA baarmIenny and or
I ' ' | aad bod
Supply @issiiind 8lvaidd f v?gﬂggswaunhggorff@wﬁenﬁ»gt.ﬁa&%ﬁ%ﬁgﬁoﬁq&aﬁ{ jg body

12. Surface of cover rac formed~t hereon processes
are wel timesogieateri thanithat of theapalymen and igeddtadhesionopdtiween Ahé \gtiffcind s

Fecer vedopimeh Meteialc Shebrh il iaver haltio Sghincnt SRcnnifhe Shoe Wt hiEh par
of the pré ebPeaplales cah betatiiatedCloMorh Phoie, S)Sébi'gt&rzl_a}ﬁ _'rﬁh@‘é}gateﬁﬁl Biitﬁﬁgéyé’ra3 a

passivation layer 140 (not shown in figure I ndi cat by dashe
hat chi ndtself is toyaemesdagres ablgRbled over the entirety of the el ectrodes 23

(indicated b ' ' ' t D E L g 3 . .i.n the channel and
part way al oﬁ':d‘p?g%é&r E‘g‘é{?gb&gabg’oﬁg %&F gtéﬁgigngrfﬁ'&éta%n}twec%ppﬁesae} fayer
‘; onstr U@Elwvgségﬁlgﬁa@blel, snateriali leslimg/further layers bonded on opposite sides
PCT/ cBodhersegbhe further layers each being of a material having a stiffness at least an order
of magnitude greater than that of the first material and being of a thickness at least an

order of magnitude less than that of the first layer.

Referring now to figure 6, there is shown a printhead incorporating both first
and second aspects of the present invention. Piezoelectric ceramic body 400 is
formed with channels 11, channel-separating walls 13 and electrodes 23 which are
supplied with actuating signals via conductive tracks 410 connected to drive circuitry
{not shown). Unlike previous embodiments, howevér, droplet ejection takes place from
a nozzle 420 communicating with an opening 430 formed in the body 400 at the
closed, bottorn surface 440 of the channel 11 - this is in contrast to figure 5 where the
nozzle 320 is located in a cover 350 closing the open, top side of the channel 11.

Moulding is again the preferred method of manufacture of the channelied body
400, and the arrangement of figures 4a and 4b is again employed for electrical
connection between the electrodes 23 and conductive tracks 410. Communication hole
430 may also be formed during the moulding process or may be formed subsequently,
e.g. by means of a laser. Cover 450 no longer incorporates a nozzle but is instead
formed with ink inlet ports 460. Such an arrangement has a lower component count
than embodiments discussed earlier and has consequential manufacturing
advantages. Alternatively, ink supply ports could be formed in the channelled
component, e.g. at the channel ends.
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before attachment of the cover and advantageously according to the nethod
descri bed | 4p7820, bel onging to the present applicant and

i ncor porate erern by reference. A nmechani cal bond HEFMEE%“BGﬁy and
surface 15 of cover 14 is achieved by neans of adhesive |ayer 160, applied
to the end surfaces of the wails 13 in the region of the channels 11 prior

Lo assembl yTRE pMRACiEFgRey? el aRBIHS Widver RoRSRIEIATRR HviRg e hod

di scussed in 5104658, Dbel onging to the present applicant an

i ncor ppeds 580h623iamdn§24 incatest ateithrerend-and in theusiddleaf a tharnal dbioenied

ndeed b8 NeAlesE pREN S50 CrRAREL Pala e BEPSRE b 2,000 54D FR B ng
sol der s@tiths0550,560 eu'pgnecaby poPRB20/522 ARd B2eEabREpRBAVEY, with each

El ectrical connection between the conductive tracks 16 on"the cover and
that p&eeticsr being independantly actuable by mearswef tespestive elextradesH70, $80d by a

Sl der 27 bhdiris e, a0 afows R bk v RREHE BN RABT B} eBen3HEHoT ¢ e
body, #serelis petvidéce respéctive roZite 610Ba0Usimad 7@ noxmts piate G1EadCt Wi th
el ectrode 23 and is, defor fthereby provi ding an effective el ectrical

d, . €
cont ac Pom'ﬂﬁﬁmwnﬁl%é?%db" e ghanneh ik %«?gmmumcatmrbm!es £39.6/0 3
. ; \ . . | ) _
e bforhiett e Gutflin KuFRE8 i ndchEnhel A pitSLRE niBvay BéyBhihel

el ect r respectivetiniet paas fordhah sectioral protects the el ectrical contact from

| ater corrosgjon by ink. Preferably, the seal .is sitioned so.as to
straddl e t hgqcﬂe%ggﬂﬂgli@ DS gﬁ%"r_ IP\@F'PSHd'I”QQE}? @kgnt %F@B?” MPevent i ng
the segp385308, belong o fhacagieaht ahd ftorporeted ﬁ&%%?r@fégbnﬁ,géﬁd

otherwi se attack thé el ectrode material 23. igure 5 illustrates a
second restisdnree printheadrhaving two seraitel raws ohindepesdently actuableoprintimgcer ami ¢

Phi cencignne B8t coifipc b 8 RIRre a6iag Valtage B9 S chabf |
13 whi efedtiontvelocityedise tntel tuublsiended! nknsuppinteeeath chedanell sectishect i on,
however, takes gl ace froma centrally located nozzle 320 formed either

directly inUmMikegsrlier embodimenis, egfanductivetraghs 680,668 thatstectisaiini cat i ng
W th tRenRBanRe! cndrhe?BieditoHEY 16 4 Brive chips are formed on the piezoelectric body

itself, advantageously in the same step in which the electrodes 570,580 are deposited

on the channel walls. Such an arrangement is known from EP-A-0 397 441,

belonging to the applicant and incorporated herein by reference, and consequently will

not be described in further detail here. Connection between track 650,660 and drive

chip 590,600 may be achieved by any conventional method, including wire bonding or

gold ball connection.

Piezoelectric body 530 may be moulded: in addition to having clear
manufacturing advantages, such & process permits the end of the channel 11 to be
formed as illustrated in figure 8, namely with a smooth, continuous transition 700 from
the top surface 720 of the body to both the channel wall 730 and the bottom,
longitudinal surface 710 of the channel. This in turn avoids discontinuities in the
subsequentiy-deposited electrode material and the associated heating effects which
might have a deleterious effect on the operational life of the printhead as a whole.
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formed in the cover. Body 290 is additionally formed with two manifolds 310
for supply 8 - WO 99/19147
PCT/ GB98/ 0»®/1914%f from bot h ends of the channel, as | ndi cRCEGHIYOMSE oWs
300. A further structure (not shown) will supply the manifolds with Ink
froma reservoir. Such a "doubl e-ended" printhead configuration is

di sclosed in 7051 | r l.cant_ and

i ncor por at ed e?%ué#{"%@' Pfé?@eggngtﬂp%%gorh@ @d@%ﬁé‘g’é@@%thctc@wwt Qy IS&V@?Q
oper at i ngsingld dige cutter -t & deséritgides. gnIEEP-ACOf 300128 m&d’ﬂkﬂ%ﬁh@ﬂn%gve-
Furthernore, the co fl_(rZJUI’aIIOI’l of base 290 is suited to manufacture by
moul di ngsedﬁnﬁb@ﬂﬁicgiﬁ@ segtlonat viswsoftfiaures Srand 10+ i fellaws, that therdepth gfthat

o ; a0 . : ! b ed
n the. oPirR ARl el Ry SR F Bt Bely 2 Ao, R, BHENECRE o7
]:al ect rogpigieglgegtr@mhmwr vmllgdeiigbd b%}\gegnMﬁ]tm santc;mPé&Cﬂ Qﬁlgﬁ.ﬁx er 330
b, howeG@RIrLAYslY bSsER D TR arttyeREctens FPAEY. Howsier.ot Beeak 810:in Wedy
290. Si nj \ ' ' | f

| Mbletrbifes bﬁetgaecﬁa%ﬂbp\ﬂaﬂg at Qq?%tﬂﬂ‘ﬁéweteﬁethg %&%g%ﬁ%?ﬁ%ﬁé@ tht ©

whi ch are passivat prior to assenbly) and at that en € body not
occupi edeagh the wlalldnEctisie seotiorecan be, actuated iRgepeérdantly hyhsidnale supplied via

" or der Sletigah TRLE S20n SUinaY ikl TR PR FRUEYHH Pric OV RaroskCiba coammbPn
proper 1&f ffe fietalQatig oP by rémovarat thepigting bY@l RBYr.r educi ng pressure
| osses. and consequent
Connection between the electrodes on the channel walls and the electrical input
820, whilst not shown in detail, may be achieved by any of the known techniques
including wire bond between tracks formed in shallow "run-out" grooves formed in the
area 900 rearward of the channel 11 (described in the aforementioned EP-A-0 364
136) or conductive adhesive (e.q. anisotropic conductive adhesive) between
conductive tracks formed in area 900 on the surface of the piezoelectric sheet itseif
and (described in EP-A-0 397 441).
As in the embodiment of figure 7, each channel 11 is closed along its two
active sections 550,560 by appropriate lengths 820,830 of a cover component 500
which is also formed with ports 520,522,540 that allow ink to be supplied to each
channel active section and, optionally, allow ink to be circulated through each channel
section for cleaning purposes, as is generally known. Ports may be positioned so as to
define the edge of an active section, as in the case of port 522, in which case
manufacture is simplified. In the example shown, the width of cover port 552 and the
cover closing lengths 820, 803 are of the same order of magnitude, typically 2mm.
ink ejection from each active section is again via openings that communicate
the channel with the opposite surface of the piezoelectric component (sheet 860) to
that in which the channel is formed. In the present embodiment, these openings take
the form of slots 840,850 which extend some distance — typically 200um ~ in the

longitudinal direction of the channel so as to allow some leeway in the placing of the
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reductions in droplet ejection velocity - the nozzle 320 may be forned in
the cover 350 itself. Advantageously the nozzle is forned | ation
as descriB@%?”PB?7exanple, i n W93/ 15911 i ncor porat ed hereﬁ*n%&§§@Pg$Ence,
and to this end the cover may be made of an easily ablatable material,
suitably a polynmer such as polyi mde, polycarbonate, polyester or

pol yet hl%rsPEBWé<ﬁ6£ﬂ§s g70088tPin NoRde §|QQ€‘8§W. eiffséthg of nyaleﬂ%?%ﬁér?ﬁ ess of

a cover plate fornmed of such an easily ablatable material na creased
by appl hecassary wheneveasimijtaseoys dropiet eiection from edjacent channelsiés pott er

pur poscpreiab gl ArERed il BroieBl of e Wret iBkated In AeTal knlt a1

the profgsEPLALINSZS, Wil netRErafBRObe titlsséd irfl @Ry réfer astall. smoot h
coating suitable for the subsequent application of a non-wetting coating,

and wil'l not Peintheadsiaccerding tedee presemtjinuantiononay aisosbel madeoin & snodular
gon- con o%%ﬁ%@%ﬁ' ifthe LfStehfAEbRed fW&%‘i;]l 7051886 Fhodute being formed in

PCT/ GB9gppesitd)end Bupfacds ehdreef withdrespéctivieecHzpingl pade searat, upod sitthg havi ng
a thickness of around 5% of that of the cover (2.5gmin the case of a 50gm

t hi ck ciagatherpf mogdy|ese furtRerichanpglscansdiaemag eem&aspagiive peifstefrbutteds- 10

b d ' Y, ;
bdut us TSR ShehURaN i ORS e D KC A bl bRt Rl ot RURPpa
t hat of of hesipiofoymed iartHe whadneldbass and lof suffieiert hength ithét, @wen jifod pairrof

materials). Such a thin |ayer has nq significant effect on the ease wth
Whi ch 1 BEHee FERay RS B e S BB ie ok BAR AR HOhBSIRGY NEH, TSP TomAINS he

mat er i al;nofydrfd® hétwdlen the two slot halves sufficient to accommodate a nozzle.

As in the previous embodiment, nozzles 870,880 are formed in a nozzle plate
890 which, as illustrated, may extend over the substantially the entire length of
piezoelectric sheet 860 so as to provide a suitably large area for engagement e.g. of a
cappihg and/or wiping mechanism. '

it should be understood that this invention has been described by way of
examples only and that a wide variety of modifications can be made without departing
from the scope of the invention. Features shown in the context of the first aspect of
the invention may be equally applicable to the second aspect and vice versa.

The piezoelectric channel walls, for example, can be polarised in opposite
directions normal to the plane of the channel axes as known, for example, from EP-
A-0 277 703 incorporated herein by reference. Alternatively, polarisation of the
channel walls can be parallel to the plane of the channel axes with electrodes formed
in the channel walls themselves as known, for example, from EP-A-0 528 647.

Nor is every channel in a printhead required to be capable of droplet ejection:
active channeis capable of droplet ejection may be alternated in the printhead with
inactive — so-called “dummy” channels ~ as described, for example, in the
aforementioned EP-A-0 277 703. '
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itself is to sonme degree abl at abl e. Expressed in broad terns, the
cover plate for an -inkjet printer conprises a |layer of a first, easily
abl at abl e, wombagisal having further Tayers bondet—en opposi tBCHGHSSN3DSEr eof |,

the further |ayers each being of 5§ ' aving a stiffness at |east an
order of magnitude greater than t uﬂmﬂmﬂm@m material and being of a
t hi ckne east an order of magni tuda sl that of the first |ayer.
Referri%to figure 6, there is shown a printhead incorporating both
first and second aspects of the present invention. Piezoelectric ceramc

body 400 is formed with channels 11, channel -separating walls 13 and
el ectrodes 2Propietdepesition pppawius\FeMpPHESINgat i ng signal s via conducti ve

ermbod mont s, ohIesy 61 p@pidlfalcoReshided PR HRE phafnd) o by i8ding
comuni fargitadingl sideanalipand obckisnf lohgradingl duradecskted@iigaietivBen the SR

bottom surface 440 of the channel 11 - this is in contrast to figure 5
where t M&ll§bzzl e 320 is located in a cover 350 closing the open, top side

of the chann . I gli ' i: o0 t
ot st ur o Sedffor appivind B eiRdific 58O B oclEctE MatehEf ! B85 dfle of
and 4b issidawalls) therdbyytedeffent didptademarttof dive malit retativieatbvesdd Idrigitudinatt r odes

23 and conductive tracks 410. nmruni cati on hole 430 may al so be forned
during CRBNABLI/RR IO SRRt &s °8Fe?r%ﬁ’57" FoRAASS ¥bsequently, e.g. by neans of

I . Co : ' Irp Nst ead f d
a 'aser Ve cdvelp dfﬁéﬁ:%%?ﬁ%ﬁg%ﬂ%ﬁﬁ@ﬁtﬁﬁ&%ﬂéﬁﬁéfﬁeb aririgl;! NSt €ad Torne

with ink inlet ports ) ange as a lower ‘conponent count
t han enbodi navhereini said dottamelongitedinahsurface ofthe stnasnel isl formadfwdtitami ng

advant ages. . Al terpnatively.. ink supply ports could be forned in the
channel %@8”@91%85 ?ﬁ’l,et @.%?'o%aqqie channel ends.

10 the cover incorporates two ports for supply of droplet liquid, the ports being
spaced along the channel on either side of the opening.

2. Apparatus according to 1, wherein the supply ports are spaced on either side of
the opening by an equal amount.

3. Apparatus according to claim 1 or 2, wherein the bottom Jongitudinal surface of
the channel is formed with at least two openings, the openings being spaced along the

channel,

4. Apparatus accarding to claim 3, wherein the cover incorporates droplet supply
ports spaced along the channel so as to lie either side of each opening.

5. Apparatus according to any preceding claim, wherein the piezoelectric material
deforms in shear mode when subject to the electric field.

6. Apparatus according to any preceding claim, wherein an electrode is formed on
a channel-facing surface of the channel wall.
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WD 99/19147
component 0%839%% g ink iniet JAINRAIEMREIAEG 520 oca: Betamsbftse, cnd

and in the mddle of a channel 11* férmed ¥n-s a+pi ezoel ectric body 530.

Channel walls are separated by a gap 540 into two sections 550,560 supplied

by portg,520 Apharand &ctdrding t6 rdeces, whbisin shidle@Psde RESISH I8P 889 Je
rrven by

|ndependently actuabl e by neans of respective el ectrodes 570,

drive cichanngkwahen %ﬁém%ye PPROseM tathe channelclasirgssurtae ofthe charimes wafli on
there is provrded a respective nozzle 610,620 fornmed in a nozzle plate 615
and comunicating with a section of the channel 11 via comuni cation hol es

630, 640 g, or mapparatuseadoardingts wrlyasreceding futaint) avtierkinagai Ghzinhel ﬂﬁﬂ“i@d
m dway between t he respective inlet ports for that section.

Suc
configu r‘iﬁﬁ gq;leqtge R ERSRANSE "Pr?’%@nﬁé‘rﬁlgﬂﬂs UK Bpgifeationatipnsvesse tmtheoaxes Of
9710530. ﬁ haggi ng to the applicant and incorporated herein by reference,
and resu ?s I'n a printhead having two parallel rows of independently
actuable printing elenents that is conpact and which has a reduced

act uat i ol f age er ntdrolete tion velocity due t
doﬂble n\ée F?E?TE UCIS‘;d‘PS ; E’#&ﬁﬁ'@lﬂ cé@\é},lvmplrensgid bqggm k‘@né‘&‘qm@r

embodi mMefrface!i8 YHABE Wit & PRsE! §ﬁh Saelarff Qmﬁhéh%ﬁcﬂﬁélrérﬂéﬂvréllsg?ﬁe?ﬁ? SriteGiaf

channel el ectrodes to the drive chips are forne he piezo ric body
i tself, advantageously in the sane step in which the el ectrodes 570,580 are

dopost | oft o MBI BcortRy B:any frecRfind G SRR TAALSSIR Mlseff B o once,
and consreﬁgmurhanoﬂddnemarrbm@uepafauleecbbﬁefahbtﬁw detail here. Connection

between track 650,660 and drive chip 590,600 may be achi eved by any
conventlonal met hod, i ncl udi ng mnre bondlng or gold ball connection.

Pi ezoel eff Fbgﬁ‘é( ?%Qj dition to having clear

manuf act ur| ng advan %‘&% a pr oce 'r mts the end of the channel 11

to be at least one longrtudmal open-topped droptet liquid channel defined by facing
longitudinal side walls and a bottom, Jongitudinal surface extending between the side
walls;

means for supplying droplet liquid to the channel;

means for applying an electric field to piezoelectric material in at least one of
said walls, thereby to effect displacement of the wall relative to said longitudinal
channel so as to eject a droplet from the channel; and

a cover closing the open, longitudinal top side of the channel;

wherein the bottom longitudinal surface of the channel is formed with two
openings for droplet ejection, the openings being spaced along the channel.

12.  Apparatus according to claim 11, wherein the means for supplying droplet liquid
comprises supply ports in the cover, spaced along the channel so as to lie either side
of each opening.

13. Apparatus according to claim 11 or claim 12, wherein the piezoelectric material
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—_—

forrred as illustrated in flgure 8, nanely wth a snoot h, conti nuous
transition 700 fromthe top surMnglmf’ n ody to both t he channel
wal | 730 aNedisigottom | ongit m m 10 of the chBEWEBIY/GNEE | n
turn avoids discontinuities in the subseﬁuéﬁthy deposi ted el ectrode
material and the associ ated heating effects which m ght have a del eterious
ef fect on the operational |ife of the printhead as a whol e.

11t deforps §ysheaumode when subject to tﬂe electric field.

PCT/ GB98/ 03050 Alternatively, channels may be formed in the

pi ezoel ectric conponent by sawing using a disc cutter - as described e.qg.
in EP- A-13, 309&npm'atusaacbdrdihgstbramyemf glaimsht! $ed8j whetein eletivdode Bfotmedal

views of figure and 10. |t at the depth of the channel 11 will
run out %ﬁ%l‘{lj‘;”&&ﬁg ?'QQa?U"f@SEI?f Wé@” at 800, and that the

pi ezoel ectric channel wall defi ned bet ween adj acent sawn channels 11 w |
run continuously between the two active sections 550,560. However, a break
810 in tte elbppamtl&amordime folciaimel 4 wathéreim an elécirads isralse forawd orh éhe wo
sections_ensu t hat each the wa tiv ection,can t uat ed
depenceIANA BRI hErage ShRosad yo the Bitiniei- e Aitraceon e Rmnae el
may be achi eved e.g. by nmasking during deposition of the netal plating or

by renoval of the plating by a |aser. Connecti on between the
el ect rodt® onApperatisARearding tonynef elaimsel e ﬂﬁcwherﬁmeBanMﬂ walltisnot

i e bond*BiEE aks tsFeR i PR ek BGa g In  Bre BRI BB [0

ar ea 900theeshammets.of the channel 11 (described in the aforenenti oned EP-A-0
364

17.  Apparatus according to any of claims 11 to 16, wherein said bottom,
longitudinal surface is defined by a base, said base and said Iongitudinali side walls
being integral.

18.  Apparatus according to any of claims 11 to 16 and including a plurality of
longitudinal channels arranged parallel to one another.

19. Method of manufacture of droplet deposition apparatus comprising the steps of:

providing a body including piezoelectric material and having at least one
longitudinal, open-topped channel, the channel being defined by facing longitudinal
side walls and a bottom, longitudinal surface extending between the side walls;

forming an opening in the bottom longitudinal surface of the channel for ejection
of droplet liquid;

providing means for applying an electric field to piezoelectric material in at least
one of said walls, thereby to effect displacement of the wall relative to said longitudinal
channel so as to eject a droplet from the channel;

closing the open, longitudinal top side of the channel by means of a cover
having two droplet fluid supply ports arranged so as to lie spaced along the channei
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136) or conductive adhesive (e.g—antsotroptc—conducti ve adhesi ve) between

conductive_tr s_formed in area 900 on the surface of the pj I C
sheet itse‘fv%)gg)rig“(descri bed in Eml guﬁ! ﬂ "Hlll As iﬁ&@%ﬁ%ﬁéi ment
of figure 7, each channel 11 is ¢} ! 9V BY two active sections

550, 560 by appropriate | engths 820,830 of a cover conponent 500 which is

al so f or omeithet sidpafithe vp@nig?, 540 that allow ink to be supplied to each
channel active section and, optionally, allowink to be circul ated through
each channel section for cleaning purposes, as is generally known. Ports

may be pegiti ' rrgﬂ'%‘?n Clel cl: in the
case of g%'rt @%g%é{ﬁc‘\?ﬂd&@ %:éém?n%%[}? a tureé) ?hségtleﬁp(?fifpﬁg@g %{aﬁ?ﬁ@caml e
shown, t loagitidingl sdrfaces and said loh§Rudinal sitle walleeso as 46 ibedntetrgit With 4@ 803
are of the ?'arre order of magnitude, typically 2mm I'nk ejection from
each act A0@N&Bction is agai n via openings that communi cate the channel with
the opposite surface of the piezoelectric conponent (sheet 860) to that in
whi ch the channel is fornmed. In the present enbodi nent, these openings take
the forngdf sMetsodadcasingi caine 20atinprisieg die stapseof-proyigirgpa lbody0so1m -

' he | ' |.hal di ' f the ch | . | | I '
e BT natb i SRl A S0 Wl S Body) hereby £%em e "
PCT/ GBI98Ra%d! in safFBE&Y. ve nozzl es 870,880 in nozzle plate 890. Ofsetting

of nozzles is generally necessary whenéever sinultaneous droplet ejection
from adj acent channels is not possible e.g. in "shared wall printheads of

the kindahl lu | Sqi e . I A-0 376, and w |l not
t her ef or € be m%éﬁ@écg%gabfdﬁlg_g%yélgirrég1§%g§r§_‘thé S‘PéBSE‘E%-Pri nt heads accordi ng
to the presenprovidingta bodyiytred fopmbesf areHeet Raving ekt dd second opposite
surface;
removing material from the first surface of said body, thereby to form the

channel;

forming an opening in the bottom longitudinal surface of the channel, the
opening communicating with said second surface of the sheet.

23. Method according to claim 24 comprising the step of polarising the piezoelectric
material of the sheet in a direction perpendicular to said first and second surfaces.

24. Method of manufacture of droplet deposition apparatus comprising the steps of:

providing a body including piezaoelectric material and having at least one
longitudinal, open~topped droplet liquid channel, the channel being defined by facing
longitudinal side walls and a bottom, longitudinal surface extending between the side
walls;

forming in the bottom longitudinal surface of the channel two openings for
ejection of droplet liquid, the openings being spaced along the channel;

providing means for applying an electric field to piezoelectric material in at least
one of said walls, thereby to effect displacement of the wall relative to said longitudinal
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format as described in the aforementio 1, each nodul e being
formed in opposite end surfaces tha ' spective channel parts so

t hat, uponwouwonpydg t oget her of mgﬂm&’l’!mﬁmja annel s ar BCT/6BR#I0et ween
respective pairs of butted nodul esas d A enents, the respective
channel parts may include at |east part of a slot forned in the channel

base and of sufficignt.!|ength that ven if a pair of butted nodul es and
their regmql‘l\% 55 elﬁ&f??’&i’%t?m{" ﬁ'@r%\?{ﬂe@ al i gned, there remains an
overl ap bet wegBsingetheVspe, nditidires 16 SideCdfanke dhanAerBy wskstoft B! €

As in the previous enmbodi ment, nozzles 870,880 are formed in a nozzle plate
890 which, as illustrated, may extend over the substantially the entire

| ength o pi o e S 1 oyj de suitaply |large area
for engagg'manﬁfegﬁééf%%#@_’@g)pgfﬁ‘g%gn%@sﬂﬂﬁ%%gﬁcﬁﬂﬁ'ﬁg%ﬁe %pen It should
be under fire@ddinaRiop Side dfite haARelts\s mMeaRB of &5 66verafcdrpor@ingtiropRX 8UPHIPS
only and that a wide variety of nodifications can be nade wthout departing

fr om t he PeEBSPased glang ecsiansie! spas: torlisseithenside of eaeh@pedidg: of the first
aspect of the invention nmay be equally applicable to the second aspect and
vi ce versa. The piezoel ectric channel walls, for exanple, can be

pol Eri Set'zsic n Mathed Iaecon;ﬂimgatﬁEglaimi adrcrzr%s sgrgbhsinltaeestqﬁ gf Eﬂnwr!sgas%‘dl axes
as known, for exanple, fraom EP- - 03, i pncorporate rein :

o1 or anc bottam, dnaikidial suGe 2rA<A InaIgL e IR PO 281 P Pecareasy) with
paral | el ghg driihéY. ane of the channel axes with electrodes fornmed in the
channel walls thensel ves as known, for exanple, fromEP-A-0 528 647.

Nor is every channel in a printhead required to be capabl e of droplet

e Y B L el

flgr exanmpyiezoeldttiie that8fidlr S Rirh&VIRg nietefialdfra saldBody, thereby to form said

channel! in said body.

28. Method according to claim 24 comprising the steps of

providing a body in the form of a sheet having first and second opposite
surface;

removing material from the first surface of said body, thereby to form the
channel;

forming said two openings in the bottom longitudinal surface of the channel, the
openings communicating with said second surface of the sheet.

29. Method according to claim 28 comprising the step of polarising the piezoelectric
material of the sheet in a direction perpendicular to said first and second surfaces.

30. Droplet deposition apparatus comprising at least one channel having means for

communicating with a supply of droplet liquid and an opening for ejection of droplets;
the channel being bounded on at least one side lying parallel to the channel

axis by a channel wall associated with actuator means; the actuator means effecting

18

-



WD 99/ 19147

—

—

T 9% 038 B Iy e
Dropl et deposition apparatus conmprising *® s wat |east one |ongitudinal,

open-topped droplet Iiquid channel defined by facing |ongitudinal side

wal | s angisplabeirieptiof ke ghiniinedll BrdspeRsetd eledirieal B@hﬁtﬁ?ﬂhéﬂéﬁy&b%ﬂfl I's;

means for, g{ppl ying an electric field to piezoelectric material "in at .l east
one of séipgtiempef droplets TEyp the cbeneek di spl acement of the wall relative to
said | ongitudy I t . and
2 cover ol oo 18 IR Being’Bodiuediof o finer S Ay B ing MARRRer aft

wher ei n bpiadcdver sunfacentiiel colieraurfacefrevingoformied thersomedt least eneredndddtivean
opening for droplet ejection, cover incorporates two ports

d; . th
for supphgcliordiasyeying ¢lgeirigal %Bﬁalﬁdf-‘tssa‘%é?‘h'gt‘%!ﬁ&%%ﬂs-éh@IR?"BM <pefisal on
Sl Lher S kg dtioherhBER thE track’and th%“&&ﬁ?&rﬁn%qg?%&tt&ﬁe]megﬁ%ﬂbﬂ the

supply ports are spaced on either side o e ope y an equal arount.
3. Apparatus according to claim1l or 2, wherein the bottom | ongitudi nal
f f th | is. f d, with I t ot ' , .th '
Eglr ngcgpgled E’egagg gﬁ@alnsﬁfa&lrjg of c‘.’i\f'opletaéepog%son apvp\f)argt%g,n the’method co gpilsirrllgs
the steps of:

forming in a base component at least one open-topped channel and, bounding
said channel on at least one side lying parallel fo the channel axis, a channe! wall
associated with actuator means for effecting displacement of the channe! wall in
response to electrical signals, thereby to effect ejection of droplets from the channel;

closing the channel on a further side lying paraliel to the channel axis by a
cover surface, the cover surface having formed thereon at least one conductive track
for conveying electrical signals to said actuator means; and

electrically connecting the conductive track and the actuator means at a point
lying outside the channel.

32, Method according to claim 31 and wherein said step of closing the channel
electrically connects said conductive track and actuator means.

33. Apparatus or method according to any of claims 30, 31 or 32, wherein the point
of electrical connection is sealed from ingress of droplet fluid from the channel.

34. Apparatus or method according to any of claims 30 to 33, wherein an area
adjacent said channel has an electrically—conductive coating which is in electrical
contact with the actuator means associated with at least one channel wali of said
channel, the conductive track being in electrical contact with said electrically-
conductive coating.
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channel . 4. Appar at us accormcl aim 3, wherein the cover

i ncorporates droplet supply port mu[lﬂume channel so as to lie
ei ther si (¥0@¥1¥4th openi ng. ﬂlﬂmﬁ ordi ng to RGH/GBIRASeE ng
claim wherein the piezoelectric raterital "deforfrs i n shear node when

subject to the electric field. 6. = Apparatus according to any preceding
claim er | §C | y f the
claim a1er ighapandl Gt adod@ihgad chiinPss\AReRdin a8 2aW'd goeve! he
99119147 11 J11i 11 Hi | I 11 lill '

Kpcglig? OBS@%EJFW& Qromethgad aesording t gaia), 3% ‘@E?%'ag‘? Qr%v§d3fcglrl?ﬁ§tffon t he

channeldgﬁhlth@(nﬂfb shdmmsle opposed to the channel -facing surface of the
channel wal | . : Appar atus according to any preceding claim wherein
sai d channel mall I's displaceable in response to electrical signals in a

directign trANSYEkRCof Mhetilf 85&HdfRG to claim 35 or 38, wherein the groove is co-

linear with the channel.

38. Apparatus or method according to any of claims 31 to 33, wherein the groove is
sealed by sealing means against ingress of droplet fluid from the channel.

39. Apparatus or method according to any of claims 30 to 34, wherein the electrical
contact is made by a deformable conductive material interposed between the
electrically—conductive coating and the conductive track.

40. Apparatus or method according to claim 39, wherein the deformable conductive
material is solder.

41. Apparatus or method according to any of claims 30 to 40, wherein a protective
coating is appiied to the channel wall.

42, Apparatus or method according to claim 41 and wherein said electrically—
conductive coating further extends over at least a channel-facing surface of the

channel wall, the protective coating being applied to said electrically—conductive
coating.

43. Apparatus or method according to claim 41 when dependent from claim 34,
wherein the protective coating terminates in said area adjacent said channel.

44 Method of manufacture according to claim 31 or any claim dependent

20



t he channel s. 9. Appar at us E‘,ﬁi to an preced| ng claim wherein
said botto‘g}J t udi nal surfa ﬂ a base, saig gﬁﬁ said
| ongi t udi nal” "SI gﬂswal | s being i MH I’” g" parat us accor g’a{ho any
precedi ng claimand including a plur aI [ ty of | ong| t udi nal channel s arranged
parall el to one another. 11. Droplet deposition apparatus conprising:

at | eastt}'lerm‘rdmn\ghemim mproteqjhm-mqﬁpgds a@ppfied to kbt tpast onbasfrthe chahheewally

facing | ongitu a bottom | ongitudinal surface extending
bet ween B cg%sq gc afifel byﬁb"aﬁ & or supplying droplet liquid to the

channel ; neans for applying an electric field to piezoelectric
material in at |east one of said walls, thereby to effect displacement of
t he wal | 45.el aMiethod acerrding lorejaim ¢drwiterc Hapaedierstmmslaim da amﬂ can'[i:rrsmgeihe

5l de of TEeE He:ef fFasking the ghuftchtWnikh 6 MBoiFuid fRnmnaithe dkiter weBne
channel afe dlectiRalycbhnédred qmn it %?Ef\ﬁﬁg d{é)p&cﬁéctﬂtee@datmg totéith@ﬁ%HéﬁefSthe

bei ng spaced al ong t he channel Apparatus according to claim1l
wher ei n ehennedavaliss or suppl yi ng droplet liquid conprises supply ports in
the cover, spaced along the channel so as to lie either side of each
openi ng.

46. Apparatus or method according to claim 38, wherein said sealing means

extends over the termination of the protective coating in said area adjacent said
channel.

47. Apparatus or method according to any of claims 30 to 46, wherein the tops of
said channel walls are attached to the cover surface by a non-conducting bond.

48, Apparatus or method according to claim 47, wherein the non-conductive bond
is an adhesive bond.

48. Apparatus or method according to any of claims 30 to 48, wherein a plurality of
channels are formed in an array, the channels lying parallel to one another and
defining channel walls therebetween.

50. Apparatus or method according to claim 49, wherein said channel walls are
displaceable in response to electrical signals in a direction transverse to the axes of
the channels and parallel to the channel array direction.

51. Apparatus or method according to any of claims 30 to 40, wherein the channel
wall comprises piezoelectric material to which said electrical signals are applied.

52. Apparatus or method according to claim 51, wherein said piezoelectric material
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13. Apparatus according to claimItor—ctam-312— wherein the piezoelectric
mat eri al

15 WO
99/19147 WO09919147 1 | |iH || Mﬂl’m’ HMU"} PCT/ GBAGT/GBISEH050
deforns in shear node when subje vectmic field. .14. Appar at us
according to any of clains 11 to 13, wherein an electrode is fornmed on a

Channe'%éf@t%@ﬂ\ §ﬁ’é£l‘qﬁsﬁgfwﬁé?tesﬁﬂ]§&;tlslssoéf@leiectr(iyai%ig&aﬁopar atus according to

claim 14, wherern an el ectrode 1’ orne € channel wall on a
surface opposed to the channel -facing surface of the channel wall. 16.

t di t f claj 11 .t 5,. wh ' id ch I [
07 Spl acth| ARTAFESREe o e Eingan ey Ha eheieih b leradsnis PEREY ONse. ¢ o
the axeégﬁ%n@égffge@%&e of thé: chahiieRvall bhdahe Yidkd¥ledtic Frdtefls &' fHidfsel! O

16, wher
in a direction perpendicular both to the array direction and to the channel axis.

54. Apparatus or method according to any of claims 30 to 53, wherein the body
comprises a sheet of piezoelectric material, the plurality of channels being formed in
one surface of the sheet.

55. Apparatus or method according to claim 54, wherein the piezoelectric material
is polarised in a direction normal to the surface of the sheet.

56. Apparatus or method according to any of claims 30 to 55, wherein said cover is
formed with ports for supply of droplet liquid into said channel.

57. Droplet deposition apparatus comprising:

a bottom sheet of piezo—material poled in a direction normal to said sheet and
formed with a multiplicity of paraliel, open-topped channels mutually spaced in an
array direction normal to the length of the channels and defined each by facing side
walls and a bottom surface extending between said side walls; '

a top sheet facing said bottom surfaces of said channels and bonded to said
side walls to close said channels at the tops thereof;

respective nozzles communicating with said channels for the ejection of droplets
of liquid therefrom;

connection means for connecting said channels with a source-of droplet
deposition liquid;

wherein each channel is formed with a forward part in which electrodes are
provided on opposite sides of at least one of the side walls defining the channel,
thereby to form a shear mode actuator for effecting droplet expulsion from the
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| ongi tudi nal surface is def| ned—by—&—base—s—&l—d—base and said | ongi tud| naI

side wal | s_bej nt egra aratus according to an
to 16 and Wﬁ(?lg{igﬁ“hg a pl uraI [ ty] @H! " " ’ channel s ar %g‘rl:{;eﬂg par al I eI
to one anot her. Met hod o dropl et deposition

appar at us conpr|5|ng the steps of prOV|d|ng a body i ncl udi ng
plezoelechammmnamwrlal and having at |east one |ongitudinal, open-topped

T WA S b R e s
form ng aBnaaaive dtlﬂ t\t‘l‘ﬁcﬁ% irPBlekcftita EHﬁ’t‘aB@Wxtﬁ‘{ﬁéaé%q?Qét 6&1@#‘3!&%88'

ej ection of droplet [iquid provi di ng means for applying an
el ectri cchaalhei-famng sizles|of ¢he isidenwalis irathei forward patt one of said walls,

her ey L0 1 o AP PV eb Yo Vi B0 kg
open, |ongitugdah Fé&@u§ﬁﬁ&éﬁcoﬁﬂﬁu§é@%ﬁbcﬁ% frREKS fétn afﬁ‘fﬁét gk two

droplet fluid supply ports arranged so as to |1 e space ong the channel
16 saimcggsrmmrxat is bonded to sald side wallsi the conductivertacks BoiRGHR050

" C L gectMal contact Wrtthb b cticdfy-LonblEnPEMNY in said rearward part.

58. Method of manufacture of a droplet deposition apparatus comprising the steps
of: | '

forming a bottom sheet with a layer of piezo-material poled in a direction
normal to said sheet;

forming a muitiplicity of paraliel, open—topped channels mutually spaced in an
array direction normal to the length of the channels, each channel being defined by
facing side walls and a bottom surface extending between said side walls, each
channel further having a forward part and a rearward part;

forming electrodes on opposite sides of at least one of the side walls defining
the forward part of each channel, thereby to form a shear mode actuator for effecting
droplet expuision from the channel; and

forming in the rearward part of each channel an electrically—-conductive coating
in electrical contact with a respective electrode;

providing a top sheet having a surface formed with conductive tracks thereon;
and

bonding that surface of the top sheet having conductive tracks thereon to said
side walls so as to close said channels at the tops thereof;

establishing electrical contact between said tracks and the respective electrically
—conductive coating of each channel; and

providing sealing means separating the forward and rearward parts of each
channel.
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20. Method according to claim19 conprising the step of formng said
bottom | ongitudinal surface and said |ongitudinal side ialls so as to be
i ntegral WQ18t anot her. 21. Method according to cl ai BEPGBEYMAM? si ng
the steps of providing a body of piezoelectric material and renoving

material fromsaid body, thereby to formsaid channel in said body. 22.
Met hod according to claim2l1 conpri si %bhe st eps of providing a
body in the formof a sheet having f /4t Oand second opposite surface;

removing material fromthe first surface of said body, thereby to formthe

channel ; form ng an opening in the bottom | ongitudinal surface of
the channel, the opening communicating with said second surface of the
sheet . 23. Method according to claim24 conprising the step of

pol ari sing the piezoelectric material of the sheet in a direction

perpendi cular to said fi n cond s . 4. Method of

manuf acture of dropl et JE? rtgéﬁfapparaggg&ggﬁﬁéiggng the steps of:

provi ding a body including piezoelectric material and having at | east one

| ongi t udi nal , open-topped droplet |iquid channel, the channel being defined
by facing longitudinal side walls and a bottom | ongitudinal surface

ext endi ng between the side
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wal | s; formng in the bottom I ongitudinal surface of the channel two
openi ngs fowosefiemri on of droplet |iquid, the openings being ng
t he channel ; provi di ng means for applying an el ectri CP??IS:?‘%Q?%E@
pi ezoel ectric material in at least one of said walls, thereby to effect
di spl acenent of the wall relative to said |ongitudina
17 W09/ 19147 2/10 al 1 If1J ]l 111 1
1PCT1GB9803050 channel so as to eject a droplet fromthe channel;
cl osing the open, longitudinal top side of the channel by neans of a cover.
25. Method according to claim24 conprising the step of closing the open
| ongi tudi nal top side of the channel by neans of a cover incorporating
dropl et supply ports spaced along the channel so as to lie either side of
each openi ng. 26. Met hod according tgiclains§24 or 25 conprising the

a

step of formng said bottom |ongitudin *\surfac§ and sai d | ongitudi nal
side walls so as to be integral wthj ;
!
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27. Method according to claim26 conprising the steps of providing a body
of piezoelectric material and renoving material from said body, thereby to
formsai d YRMEI4T n said body. 28. Method according to EFAIGRHR3050
conprising the steps of providing a body in the formof a sheet
having first and second opposite surface; removing material fromthe
first surface of said body, thereby to formthe channel; form ng
said two openings in the bottom | ongi8ddiohal surface of the channel, .the
openi ngs comuni cating with said second surface of the sheet. 29. Met hod
according to claim 28 conprising the step of polarising the piezoelectric
material of the sheet in a direction perpendicular to said first and second

surf aces. 30. Droplet deposition apparatus conprising at |east one
channel having neans for communicating with a supply of droplet liquid and
an opening for ejection of droplets,, t he channel being bounded on at
| east one side lying parallel to tagﬁgganﬁkl axi s by a channel wall
associ ated with actuator neans; the atfuator neans effecting
18
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WO 99/19147 . *cll111 I'l 110PCT/ GB98/ 03050  di spl acenent of

t he channelwo®bhoisn response to electrical signals, thereby

ej ection of droplets fromthe channel; t he channel bei%gnﬁéﬁﬁ%%ﬂ’on
further side lying parallel to the channel axis by a cover surface, the
cover surface having fornmed thereon at |east one conductive track for
conveying electrical signals to said gzngtor nmeans, the point of

el ectrical connection between the track and the actuator neans |ying
out si de the channel. 31. Method of manufacture of droplet deposition
apparatus, the nethod conprising the steps of: formng in a base
conponent at | east one open-topped channel and, bounding said channel on at
| east one side lying parallel to the channel axis, a channel wall
associated with actuator neans for effesting di &l acenent of the channel
wall in response to electrical signals,
droplets fromthe channel; cl pst Re—ehaprel on a further side:

A

|l ying parallel to the channel axis by Sl—S ade, the cover surface
having fornmed thereon at |east one c i ‘r ick {f or conveyi ng
electrical signals to said actuator ; ap electrically

connecting the conductive track and ns at a point lying

out si de the channel. 32. Method a gl aijm 31 and wherein said
step of closing the channel eleckic Ct A
actuat or neans. 33. Apparatus™or )
31 or 32, wherein the point

120
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of electrical connection is sealed fromingress of droplet fluid fron1the
channel . 34. Apparatus or nethod according to any of claims 30 to

wher ei n arVaP¥d914dj acent said channel has an electrically- c?(ﬁ?‘dﬁ%%s{‘\?%so
coating which is in electrical contact with the actuator neans associ at ed
with at | east one channel wall of said channel, t he conductive track being
in electrical contact mnth sald eleckiéf - conductive coati ng.

WO 99/ 19147 PCT/ GB981 03050. 35.
Appar atus or net hod accordlng to claim 34, mherein said area is a groove.
36. Apparatus or nethod according to claim35, wherein the groove is of

| esser depth than the channel. 37. Apparatus or nethod according to
claim35 or 36, wherein the grog’p°' %ggﬂlinear wi th the channel. 38.
Appar atus or nethod according t Lgfo ains 31 to 33, wherein the groove

is sealed by sealing neans agai nst ingress of droplet fluid)fromthe
channel .
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39. Apparatus or nethod according to any of clains 30 to 34, wherein the
el ectricalwgoqisigt 1s nmade by a defornabl e conductive materpat/cByg®Boqposed
bet ween the el ectrically-conductive coating and the conductive track. 40.
Apparatus or nethod according to claim39, wherein the deformabl e
conductive material is solder. 41. Apparatus or nmethod according to any
of claims 30 to 40, wherein a protectiA®Ocoating is applied to the channe
wal | . 42. Apparatus or method according to claim4l and wherein said

el ectrically- conductive coating further extends over at |east a

channel -facing surface of the channel wall, the protective coating being
applied to said electrically-conductive coati ng. 43. Apparatus or nethod
according to claim4l when depefds fyom cl ai m 34, wherein the protective
coating termnates in said ared adPdcént said channel. 44. Met hod of
manuf acture according to claim31 or any cl ai m dependent
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WO 99/ 19147 1 111111 HIl HIT 11 111 PCT/ GB98/ 03050
t herefrom Wnﬁhﬁkﬂna protective coating is applied to at | east one of the
channel wall's prior to closing the channel by the cover. 4BCT/GH98/0BD50
according to claim44 when dependent on claim 43 and conprising the further
step of masking the point at which the conductive track and the actuator
nmeans are electrically connected prior to applying the protective coating
to at |least one of the channel walls. Z7ABO Apparatus or nethod according
to claim38, wherein said sealing nmeans extends over the term nation of the
protective coating in said area adjacent said channel. 47. Apparatus or
nmet hod according to any of clains 30 to 46, wherein the tops of said
channel walls are attached to the cover surface by a non-conducting bond.
48. Apparatus or nmethod according to claim47, wherein the non-conductive

bond is an adhesi ve bond.
Fig. 7
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49. Apparatus or nethod according to any of clains 30 to 48, wherein a
plurality oboetaemael s are fornmed in an array, the channels |ykip, Bﬁﬁ&ﬁ%lel
to one anot her and defining channel walls therebetween. 50 %ppara us or
met hod according to claim49, wherein said channel walls are displ aceabl e
in response to electrical signals in a direction transverse to the axes of
the channels and parallel to the chan #ray di rection. 51. Apparatus
or nethod according to any of clains {o 40, wherein the channel wall
conprises piezoelectric material to which said electrical signals are

appl i ed.. 52. Apparatus or method according to claim51, wherein said
pi ezoel ectric materi al 21
WO 99/ 19147 JJ1Jf1J NO 1111111 H 111111 PCT/ GB98/ 03050

defornms in shear node when subject to said electrical signals.

Fig. 8
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53. Apparatus or nethod according to claimb52, wherein an electrode is
formed on a_channel -facing surface of the channel wall and-the
piezoelectrﬁ%p Mhial is pol arised in a direction perpendi c®carcE®bivsh 0
the array direction and to the channel axis. 54. Apparatus or mnethod
according to any of clainms 30 to 53, wherein the body conprises a sheet of
pi ezoel ectric material, the plurality of channels being fornmed in one
surface of the sheet. 55. Appar at us9g @Get hod according to clai m 54,
wherein the piezoelectric material is polarised in a direction normal to

t he surface of the sheet. 56. Apparatus or nethod according to any of
claims 30 to 55, wherein said cover is for id with ports for supply of
droplet liquid into said channel. Drpppl et deposition apparatus
conpri si ng: a bottom sheet of *pi ezv et eri al poled in a direction

normal to said sheet and formed with a multffplicity of parallel,

open-topped channels nmutually spaced in a ay_qgrection nornmal to the
| engt h of the channel s and defi ned each byJifch ide walls and a bottom
surface extendi ng between said sidegwal | s | top sheet facing said
bottom surfaces of said channels ad@‘bQESv side walls to close
sai d channels at the tops thereof; e nozzl es comruni cati ng
with said channels for the ejection aqf dr Nliquid therefrom
connection means for connecting said gharjiy a source-of dropl et
deposition |iquid; \\\ \ S
y vy
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wherein each channel is formed with a forward part in which electrodes are
provi ded orwopgonist e sides of at |east one of the side wall Spélﬁéhg%msot he
channel, thereby to forma shear node actuator for effecting dro
expuIS|on fromthe

channel ; and wherein each channel is fornmed with a rearmard part
having an el ectrically- conductive cogtpng ichis in electrical contact
with the at | east one el ectrode on the channel -facing sides of the side
walls in the forward part; seating neans separating the forward part
fromthe rearward part; and wherein t he apparatus further conprises
conductive tracks fornmed on that surface of said top sheet that is bonded
to said side walls, the conductive tracks being in electrical contact with
the electrically- conductlve coating in s rearward part. 58. Met hod of
manuf acture of a droplet deposition appardfjus conprising the steps of:
formng a bottomsheet with a |ayerjof pig¢to-nmaterial poled in a direction
normal to said sheet; form iplicity of parallel

open-t opped channel s nutually space array direction normal to the

in

| ength of the channels, each channel being|defined by
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faci

each channel further having a forward part and a rearward pa ‘j"‘—]

ng side.walls and a bottom surface extendi ng between sai f;::u

formng el ectlP@iEs on oppo%PRLE PIFIGBETUNE PRAPERMEORGANIBARONOT  t he SN 79
defining the forward part of each channel, thereby to form a shear je's3
act at TP ATR G TANAURLASARS UAOER, Bk TAEA GRRBEEA BN TREATY (PCT)
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(57) Abstract

A piezoelectric printhead or other droplet deposition apparatus has parallel liquid containing channels defined by a base and displaceable
walls, and covered by a cover number. The channels each have at least one nozzle for ejecting drop}ets. Each nozzle may be disposed
in the base, the cover then having two ink supply parts spaced lengthwise of each channel on opposite sides of the nozzle. Altematively
two longitudinally spaced nozzles may be provided in the base of each channel. The cover may have a conductive track corrected to
wall-displacing electrodes, the points of connection being outside the channels,




