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DROPLET DEPCSI TI ON APPARATUS The present invention
relates to actuators and in particular actuators for
dropl et deposition apparatus. s Droplet deposition
apparatus or inkjet print heads are capable of placing
small droplets of fluid onto a substrate. The N
apparatus, which will be called an inkjet print head
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communi cate with an ejection chanber. Actuators
corresponding with the ejection chanber apply the
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When mechanical pressure is applied to one of these materials, the crystalline
structure produces a voltage proportional to the pressure. Conversely, when
an electric field is applied, the structure changes shape producing dimensional
changes in the material.

The piezoelectric effect for a given item depends on the type of piezoslectric
material and the mechanical and electrical axes of operation. Eor certain
types of piezoelectric material — notably PZT - these axes are set during
"poling", the process that induces piezoelectric properties in the ceramic and
the orientation of the poling field determines their orientation.
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changes the di nensions of the ceramc for as |long as
the voltage is applied. 5 A voltage with the sane
polarity as the poling voltage causes additiona
expansi on along the poling axis and contracti on
perpendicular to the poling axis. A voltage with the
opposite polarity has the opposite effect: contraction
along the poling axis, and expansion perpendicular to
the poling axis. In both cases, the piezoelectric
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are termed 1,2 and 3. The polar, or 3 axis, is always
parallel to the di rection of polarization
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applies if the electric field is in the sane direction
ef or but the strain is in the 1 axis

as
Flayre ﬁ&&a?f esyigestndssd drestianson pisgosiectriqmaterial. The three

arthogonal axis are termed 1,2 and 3. The polar, or 3 axis, is always taken
parallel to the direction of polarization within the ceramic. The indexes 4, 5
and 6 represent a shear movement around the 1, 2 and 3 axis respectively.
The direction of polarization is established during the poling process by a
strong electrical field applied between two electrodes. To link efectrical and
mechanical quantities doubile subscripts {(e.g. dij) are introduced. The first
subscript gives the direction of the excitation, the second describes the
direction of the system response. For example, d33 applies when the electric
field is along the polarization axis (direction 3) and the strain (deflection) is
along the same axis. d31 applies if the electric field is in the same direction as
before, but the strain is in the 1 axis (orthogonal to the polarization axis)
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It has been proposed in the prior art to manufacture
dropl et deposition apparatus, or fluid punps from

pi ezoel ectric material. One structure, described for
exanpl e--in US 4, 842, 493 provi des a punp channel forned
by 5 first and second piezoel ectric parts arranged
parallel to one another. The parts are polarised such
that the polarisation direction lies parallel to a
field generated by the el ectrodes. Upon application
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conprising an array of pressure chanmbers arran eoFI
side by side in an array direction,

The provision of a shared wall allows for an increase in the chamber density
and a reduction in the size of the print head for a given number of ejection
chambers. However, as each wall acts on two chambers simultaneously it is
not possible to fire droplets from each ejection chamber at the same time and
hence this reduces the rate at which droplets can be ejected.

It is an object of the present invention to seek to provide improved apparatus
and address these and other problems.
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a di spl aceabl e wall dividing adjacent pressure
chanbers and conprising 5 piezoelectric nmateri al
polarised in a direction parallel to said array
direction and electrode neans for applying an
electric field thereto; and wherein the displaceable
wall is disposed so as to be able under an electric
fiegﬁ appl i ed between said el ectrode neans to displace
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éoffset) neutral axis, a bending nonent TIs

ophes @diacgpt ¢ieabeendi ng strain. The di spl aceabl e wal |
may have a stiffness which is greater on one side of
the wall than on the opposite side of 25 the wall. It
Tihe vohwhe disphced n thei freeswatchbanbess ailbo tisplavakla have
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avanl e sgabd be adapted in alternative ways to offset
the neutral axis, for exanple by providi ng weakening
not ches al ong one side. The coatings may have a

Prefecibhptiel vdieat displaeilen tidescosidriacest chimpbng
for exanple

rtio of the wall such 30 as, , a
SB@%‘?P\V%@iZSFP-ftB?fd\f{\?%ﬁaib&‘aéWee‘F'é‘é'ﬁ?‘?’Bﬁm Wesciam sigeticagt effect
ohURE bhOmition BMhesdjaRy R clbiberent coating materials may

be provided on either or both sides of the wall in a

| ayered arrangenent. The sane coating material, or
TR S8 5 g0, g Y
the grOTBEliAgenle of thecdispapealie wallt Whenaiughiareardirfdesmamc e
uhBergolkd BR&SHH paraliel to the (offset) neutral axis, a bending moment is
induced resulting in a bending strain. The displaceable wall may have a
stiffness which is greater on one side of the wali than on the opposite side of
the wall. It is preferred that different faces of the wall have different stiffnesses
effected by coatings applied to each side of the wali, however the structure of
the wall could be adapted in alternative ways to offset the neutral axis, for
example by providing weakening notches along one side. The coatings may
have a functional feature other than simply stiffening portions of the wal! such
as, for exampie, a passivation function or an electrically conducting function.
Two or more different coating materials may be provided on either or both
sides of the wall in a layered arrangement. The same coating material, or

materials may be provided on both sides of the wall in different thickness, the
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F The el ectrode neans are preferably provided by

el ectrodes located on t 5 opposing faces of the wall

such that a field generated between themlies

parallel to the array direction. In a preferred

enbodi nent the electrodes are of different thickness

to provide the relative difference in stiffness. The

Eﬂectrodes may be formed by el ectroless plating. A
sEgerapeihe ahedd sidpbeiapssietied topraits thedelatife ¢iffetence

Wediikinsd ng a directional technique eg. vacuum
plating. The seed layer is then plated up with a

suitabl e el ectrol ess process resulting on a plated

e n on the other. A
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onprise a nozzle t I'S €] ec
mainsginednati ve enbodi rrent some of the pressure
chanbers may be designated ejection chanbers from
whi ch droplets are ejected through a nozzle whilst the
Alterpatieghniting elehtindes eoudd be ﬁnmegirtwt wdwdlmgwseﬂmm‘pe’rtﬂ both

[
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a longer period of time than the second set, or vice versa.

in a preferred embodiment the pressure chambers are substantially identical,
For example, each pressure chamber may be of equal dimensions and
comprise a8 nozzle through which fluid is gjected. In an alternative
embodiment some of the pressure chambers may be designated ejection
chambers from which droplets are ejected through a nozzle whilst the
remaining chambers are designated dummy chambers from which no fluid is

ejected. The dummy chambers may comprise liquid or air,

Both the dummy chambers and pressure chambers may be elongate
channels with a direction of elongation being orthogonal to the array direction.
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closing the top. In one enbodi nent the cover contains
the nozzles through which droplets are ejected. In an
alternative enbodi nent, the nozzles are fornmed in a
nozzl e plate which is attached to the front face of
the pressure 5 channels. The dunmy channels may or may
not have a cover closing their top surface. " - The
cover may be stiff or preferably have a degree of
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PUStrates standard directions for a bl ock of
pi ezoel ectric material Figures 2 and 3 show an i nkj et
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bending i n actuation. Figure 8 shows an arrangenent

B ole dven reyssdheaivel jaiptibataps o inssdisplereably walls with
ihodepgndently. 25 Figures 9 to 12 show alternative
structures which allow sinultaneous actuation of
adjacent channel s. Referring to Figure 2, an ink jet
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AR BRAth Gkl Rioh Guil ASy bE L8l @b@gp%aﬁg@pwnh

s are ensit
refmam@t@ﬁ)@wremﬁtona imwhicii nat ed sheet 14 of
pi ezo-electric material, suitably PZT, poled in the
direction of arrows 15, 15 and are defined each by
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actuation

Figures 4 and 5 show an inkjet printhead using direct mode actuation
Figures 6 and 7 illustrate the use of bending in actuation.

Figure 8 shows an arrangement wherein channels can be actuate
substantially independently.

Figures 9 to 12 show alternative structures which allow simultaneous

_actuation of adjacent channels.

Referring to Figure 2, an ink jet printhead 10 comprises a multiplicity of
paralle! ink channels 12 forming an array in which the channels are mutually
spaced in an array direction perpendicular to the length of the channels. The
channels are formed at a density of two or more channels per mm. in a
laminated sheet 14 of piezo-electric material, suitably PZT, poled in the
direction of arrows 15, 15" and are defined each by side walls 16 and a bottom
surface, the thickness of the PZT being greater than the channel depth. The
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YA V channels 12 are open topped and in the printhead
are closed by a top sheet 20 of insulating materi al
which is thermally nmatched to the sheet 14 and is

di sposed parallel to the bottom surfaces of the
channel s and bonded to the tops 22 of the walls 16.
The channels 12 on their side wall and bottom 5
surfaces are lined with a netallised el ectrode | ayer
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The netal lised plating 24 which is on opposed surfaces

of the walls 16 occupies the depth of the channel
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Séealcﬁ3 %vaﬁ A third step is carried out with deposition perpendicular to the to the
base of the channels, such that deposition occurs on the bottom of each

channel and the channel run out in the manifold region.

A droplet is ejected from each channel by applying a suitable waveform to the
elecirodes 24 on either side of the wall 16. A particularly preferred waveform
is known as a draw-release-reinforce waveform. The volume of a selected
channel is initially increased by drawing both walls bounding the chamber
outwards and the walls are held in this position for a period of time. After the

period of time has elapsed the walls are moved inwards to reduce the volume
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channel is initially increased by drawing both walls
boundi ng the chanber outwards and the walls are held
in this position for a period of tinme. After the
period of tinme has el apsed the walls are noved i nwards
to reduce the volunme of the sel ected channel thereby
ejecting a drop through the nozzle Clearly as each
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that this will reduce the channel density by up to
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epainreemstiplicity of pfanati@dhamneds amfoﬁ@edwdecroéret tepdrdted from

il S LT S e L

polagsaiaireis, nevaidr, athdgogal ® the dilettdh bBp@ihgeddsariped with
of fi ure 4, t§;‘he drivin

rEtnes s B ot The e bed n9BiSed i e drent S donane
ah'acnoh@er peeiiddhm FErafleSFTane way a@ipi@%elﬁ%drasﬁrﬁ%ﬁ! ina
éV he eIe trodes on either side of the wal base

gctiop Rl e pelelisabies Oropdan. £hannelsnt? a'fEi f@rrue'ﬂ énto one
iRl df ek PQ‘TV‘Q:@@ hbﬂ@ n678&4 5@@§§omét@8 E@l ro@lg ?’hlalre provided

thicken in and contract 1 n height

a@éh%tnéuiedayalisr@ taechaengls.nes. The net di spI acenent

for a given channel in these directions is given the
nomencl ature 631wall and 30 533w811. The total net
bpeina deameateridstaiheriagued, gihiemistan ¢hergegudewafithe actuator

9* ﬁélﬂl& 4 t@&&ﬁkﬁﬂ&erécé%&lf@bﬁ are aiso used to apply the field which
polarises the PZT as shown by arrows 15 in Figure 3. The electrodes on
either side of the wall and base are of the same thickness. When a driving
field is applied between the electrodes, the wall 16 will thicken in d33 and
contract in height in d31 as depicted by the dotted lines. The net displacement
for a given channel in these directions is given the nomenclature Bs1wan and
Daawan. The total net displacement is therefore given by the equation:

Otorat = Oztwall + Oazwan
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'r, SR I~ | An actuator in accordance with the
present invention is described with reference to
Figure 6. The piezoelectric material is polarised by
applying a polarising field between the driving
el ectrodes. The el ectrodes, however, are of a
di fferent thickness depending on whether they are
inside or outside the 5 ejection chanber 12. This
PARYEDESr 6H ééﬁfﬁﬁkeﬁtthftﬁ@ﬁ%%eﬁﬁnmgﬁ'ist @eéhgﬁ v&f} the
wal |l that, .it has been di scovered I cant
ﬁ%ﬁ’ BNRSstod]ige o Ahe piezeplerisy mataia ISe@cé@taedrby@fmimmgeacy
i @Iéﬁ%gpﬁ@@’ b@t%vetsh%éj bfnﬁ:ﬁé 8RRkt Sddsf ﬁ% R V\Lr@ - Fowdver, are
bendi ng nonent he actuator wa I Nncreases
t e @'3?r@l’i*é”‘dik§ﬁ$5a‘é%1f“6y19am1\®h€vb$rdéem@nd$:dg oﬂ'betsml the

diieRloRACH b ne
HERBD R 1B0RD PRAHGRS PN oo bl HUETRine
edlbihpbt Nagdeah didssteat Iby4h€68i3vbaam mmbmjeg:olﬁeﬁfdnency
stiffness of the base 18, however, can inhibit the

bendi ng novenent of the wall and a design
N ¢jecin dficiemny ibénpraded botHeuditidrent stiffpeeyedtibes a bending

' f I th l.i
nGED P n€ bl Dl yEBD B Tpe vaPaliroPEreq hea
tVelokBess.. Ohe walls Dapecety a pesitiesus sHow? By fHay deraMmice,
ol P e e S RO Bretlre o ety o
i ncreased and the overaII vol une displaced is
i mproved. It has en furthe recogni sed by the

appl i cant that the T Sirwel g Bl acedinpy 25 t he
expanS| on or contraction of the piezoelectric materi al

aced by the bendi ng novenen
et e Pect 1B ttiiong andn THAiecke e wovement of
dhé fresilemtl ssddsidnnassifigaton e be0Ra@PROBIhE: fiffé% Bk ddtsion

PR RS SR PAG b e i

cbrspé diekmess olthé ihiaBe tnghtaeaiced0 I f the differenti al

20

25
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plating is reversed, bending occurs in the opposite
sense and

For example, the deflection in the case where a thinner base is provided is

depicted in Figure 7. Opending is increased and the overall volume displaced is
improved.

It has been further recognised by the applicant that the volumes displaced by
the expansion or contraction of the piezoeleciric material and the volumes
displaced by the bending movement, especially where the bending is induced
by a different stifiness provided on opposite faces of the piezoelectric
material, can work together 1o either increase or decrease the toial net volume
disptacement within a chamber.

Iif the differential plating is reversed, bending occurs in the opposite sense and
opposes the displacements S31way and Saswan 10 give the net volume

disptacement in a chamber as:
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opposes the displacenents 631wal) and 633,,11 to give
the net volune displacenent in a chanber as: 9 6total
- 633 + 631 - 6Bending By selecting and operating at
an appropriate value for 66ending it is possible,
where 6Bending = 633 + 631, to operate the actuator

Wi th substantially no net 5 volune displacenent in

t he channel . Benefi gi al_| ing at or close to
this situation it |§mﬁo %*bﬁ% az%e‘}ﬂi“%wde a shared
wal | droplet deposition apparatus where every channe

actuated to ect a droplet sinultaneously. 10
%@ée@ﬁ‘ﬁ Py Raspinaed %yaiatarpaa@tien@*%ﬂoy Opnanc\iiiB IPOEBPle,
vﬂﬁa‘?@ sehannek,; 88,, ShWWerateNhE 'ag%gvramh[; M%'l&hlaﬂy sB!sed

wal I con |gur ations are 1 ndicate nes. In
vohinge dsplasgeieahin Wefohenael i al pl ating of each wall is
in the sane sense', thinner plating 1102 on the
ri ght and thicker pl ati ng 1104 on the left 15 as
Barefieidlly,|try adting ador alngenmntas eincdtioahbispeksibi @Gruatied

e vval Act uatj on of channel

;
P 1 SRy BacRyoRepramoRhee iy HIgE atoie.
adhiched ghet ¥ dittethlitafedRlyng deflected, the net

di spl acenent in the channel is the sun1of t he
pi ezoel ectri c expansi on/contracti on and bendi ng

18fid 854 Be ARiSERb Ia%ﬁ%tlﬂg%\ﬁgf or?&&vHﬂ"Hr%cﬂ |1 %&gﬁ?wn

does not substan ause any net
iR ﬁ!maﬁnmwfﬂmsmﬁcew&lll coefigpplies atesddtthmd by broken

d
IR oA Blrererhey PORa) BERGR e RaRe B
‘serEsd thmenﬁagmmmmzl 0y thed eiginied rsd thamer blatlagﬂtlatleﬂ\ thk left

t L. ' d 25 | f

A5e P arr=Pagen] Saat s B hakD i e By el ot &

mgr@waanmatmm@f &remner 14 MISth(wdémbmn of whlte 106
tanl | ow t he necessary rotation there. For

ek oply s %@IE'SPPI‘ZQ ﬁﬁf)ﬁ%%d ﬁﬁg@ebdisgiacement in the
&@Eﬁé[% &Y biyim &R bl@%el@&tn%réxﬁbns@kfc@ﬁf?@éﬂoﬁeéﬁﬂ l@?ndlng

nechani cal hi nge coul enpl oyed where

afiestss Asrrxplabiebabays: ﬁ@WﬁBP@P@E’E‘“ sooﬁ\ldp@ﬁ rm@t Bvlestaavai!y
ke %w hef d‘é’ﬁfa%@m@h{ AVrinel § PRE OGS AL A8t that

nei ghbour i
neigh ourmg channel 1112 can therefore be actuated substantially
independently of channel 1108 (ie that these two neighbouring channels can

be actuated at the same time if desired).

In order for bending to occur as shown the structure should be sufficiently
compliant at the top or the bottom (or both) of the wall to aliow the necessary
wall rotation there. For example the top plate 1114 may be made of a
sufficiently compliant material. Alternatively a mechanical hinge could be
employed where the wall meets the top or bottom plates.

Alternative wall structures which allow simultaneous actuation of neighbouring
channels are shown in Figures 9 to 12. Each of these figures depicts three
walls defining two channels. The poling pattern for the walls is illustrated by

arrows in the left hand wall, however different poling configurations may be

10
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channel s are shown in Figures 9 to 12. Each of these
figures depicts three walls defining two channels.
The poling pattern for the walls is illustrated by
arrows in the left hand wall, however different poling
configurations may be 10 | possible to achieve the
same actuated configuration, depending on the

el ecgtr Iac nent anddlve lJqnal appl i ed.
Fostie 7S RoM P el B0 Ela ol fepan iR o than
ekerddd ﬁlafzéﬁubﬂt a6d asve dibgarsphlied r/—\c\f@élt!'onﬁr‘? b 'cgaés éltﬁff the

to right or ht to left as viewed he central
@ﬁrlpai'@n %@walelc i fiedd aeeaatheavalbearrwe mﬂhﬂtm(leﬁ te tight or

H@#t'to afc 2 Weg nﬂ?t \ﬁal Etshg Rh &g %m'ieq BorifGiration,

nd c ann stan aII
tﬂllesrmlla;dm‘nﬁnmmmcadwga ghitdm[aa@bmdaranrmﬁie leNoznidasiaanel and

(s o TR Rl EPRRsinsel e gt et fanndr. feegled ore Pt

stianniel t&eséﬂgur@s Fb@uioelddhe folgtckaneie 1 bORehahh8ls or at
{‘hhannel \A@ B120% acts in the so called direct node,

KRGSt FH®'%ic field and poling being in the
same direction causing expansion of that portion of
the wall. The two upper portions of the wall 1204 and

oiggures3. éhﬁdﬂ\w nastigppicle chaene el 18R 2matpisribie solcatled o
EE&\E rrrgﬁf% 'tk‘?éjaf) iPe'ddel H@lﬁélﬁtandrbo?’ Hﬁ%g r{%{ thHg ls%tgeadlrechon

i ke 's en actuate
cmmngmmar@mmﬂtbat pgpbion dbthe V202 The pao dlspeammngs af the

f_ bot h.
4R 2R BRa 1 0er Rl Bad st iR 6 QRRAPr et OB o5 e
ag@@dﬁmm axalirs eh%rlmd:hmmgm chevrisalikeehape whleamealated.
220, rease {ffn vol channel 1230.

i Th
canpe b fal RLTERGAlD, ¥9ush ialk SEaRESEa i g asediction

@axammé ld€ botH dieinplbl TR0SIN1 20, THbThatidnaddrfigh@tiBa o
chan in V‘%SD ume i n _channel 1230, while the

ar?%fﬁ 4 ane halihbewa s gapes Arrefeiondn valwme of
S Rleet 220 &fid iAMNdre 858 RRlumé BfiBﬁ‘éﬂnel HQS@ hTh°e dlsplacements

enbodi ment, actuation is effected by t appl 1 cation
wrchannel tiGcan ke @@@rt@%nﬁﬁ@a@h(ﬂ“@rh&e@m}’ AU
%étant%@y nd r%rt%ﬁgig%eeﬁ WhRY! IH'B‘igrﬁielg%%b | niRanaecessary
for the direct portion ave
fisplacamentsaiotchanng), 122@ rbtﬁllf@meéo t:htesaadltqmaitejﬁqubn from that

BREHIERNS 148 Ao Qe & SAMALLAEN SySity oL o

a greater electric acr os por
siopleviald apioss ded wholei teighitod thealvall. a gr eater wal |l hei ght
for this
In preferred embodiments it will be necessary for the direct mode wall portion
1202 to have increased activity, to balance the activity of portions 1204 and
1206. This can be achieved by using a greater electric field across this
portion, higher activity piezoelectric material, a greater wall height for this
portion, or any combination of these. Aiternatively or additionally, direct mode
operation could be applied to the base or roof of the channels. It can be seen
though that the contraction in height of the wall portion acting in direct mode
will tend to cause deflection of the base portion 1240 causing some

displacement in both neighbouring channels.
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portion, or any conbination of these. Alternatively or.
additionally, direct node 30 operation could be
applied to the base or roof of the channels. It can be
seen though that the contraction in height of the

wal | portion acting in direct node wll tend to cause
deflection of the base portion 1240 causing sone

%@ | ace i n both ne‘ ghbouri channels. 11 }}
Rt b o by ool Spipers W Sibr0ton i1 Fetame
?ﬁs aekcrtkd %@%Iaﬂ’@ﬁ%o@ @@@C‘Thg%@%@‘(ﬁ# & e, wa!l &

ation to Figure 9. r portion
Wﬁﬁ@f BYC Pios ph¢h63/f@T—|!k@hi§vtuamgIn0kte)n§c1t3@§tandg1 A6 ti ons

%at@p%ﬁaﬁ;{%1 B%HW agtaafﬁ%g gﬁlgeado ?Tglg @r-éprf%\&)gﬁ an?yated

lowet poriond 3688 and 1B3m@ieﬂaftlueoppasﬂe®|epeé& lcausiag L®lume

AL oS b P SRS H e o,

sttudiaewae [eamdggcar R e sueiioh BathaAtidlagP®BaMes
c ann 1320 caglses subst anti al l{\'i no_net vol une

J i .
2l e Rgh AN MeBgnI i ShasnpLEY i & hisstisiuse is more
&Qﬁﬂbﬁmdmﬁr@t bh?{bur%f 9, @n@%@ n9ay a0t b as%@%&%le'd%oh

an | ncreased nozzle gl tch 10 resulting In
reSEbNg i (e Shedytione ée%fdmd@ pefvatigplyeinally haae i@nger lite

ERNOGER! it m%@ |a‘é}|}alﬂ§19 hhEEG! o R 3% MQ%D(?% Jb%‘ﬁ!ﬁ’a%re in

and there is therefore advantage in

@\mﬁﬁ‘ﬁ’od@@“dmrw B*@awnlwwramdmatomod n such “doubl e
wal |' structures, electrodes are typically formed on
both the 15 inside and outside faces of each wal I,
arstichhdoutile aalli simcbfrespcﬂfédtnmges ard iyaimﬁjf fsmedidr beate pleand

ﬂgldg%\ﬁdt&f?sﬁ{a ?gé ng?@ﬁﬁ %gp [ﬁéhﬁrgc gﬁcg‘}qﬁjfg\/tgﬁ walls
wir!]letape_od eml m?wemermgmmgiea abas eakteated m@?erﬂrl]nv@amgna}m{ up
. t t chevron-1i ke
st P pBreddiieS vty B0 8a G Bodiafbapo el =
4 pint aﬁﬁmﬂlmth@%rﬁaftr@mall ower portion of the wall
structure of Figure 11. The upper portion 1516 is

fornmed of a single portion of PZT poled in the sane
Thivh @&lré Nch&NoANR laét@éii p&ijoﬁm@d)@%ﬂ 161, s%lp@rﬁﬁﬂ ‘B§%

the u er ortion eforns i n shear rme as If

gam L5 i ypockTas s, Dater APRIGA RS M wall hyetupcoiFiggre
5 mc@ﬁér lemein 191@tisfdHen c#la%gq@ gudrf'@f . SpPBI%d% the

the wall, and causing a simlar era acement
gAMe REettisne OrpzrRlicalipros arheleqisr rﬂeidLmaas theruppen sodivogit

@58ms in shear mode, as if like one half of a chevron arrangement. This acts
as a cantilever, laterally displacing the centre of the wall, and causing a similar
lateral displacement of the lower portion of the wall. Lower portions 1508 and
1510 displace in outwardly expanding chevrons as described previously, but
additionally have a shear or skew superposed on them.

It should be noted that in the embodiment of Figure 11, the member at the top

of the channels 1518 should be relatively stiff and offer resistance to the
bending moment induced by portion 1516 acling as a cantilever.
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1510 di splace in outwardly expandi ng chevrons as
descri bed previously, but additionally have a shear
or skew superposed on them 30 It should be noted that
in the enbodi ment of Figure 11, the nenber at the top
of the channels 1518 should be relatively stiff and

of fer resistance to the bendi ng nonent i nduced by

BRe Enfeitdd A gdsDaroitiel SorsH0dan: T86, poed

ppbmﬁel d’nrecﬂ@rﬁigérdeeuddzlurae% thenappeedasidi @éﬂoﬁﬁmﬁg%ﬂoh@chevron
ﬁ}ﬁpl | ed fl_FI d, deformng into a chevron on actuation.

Gslialpp+ e %q*‘é%w&%aﬁﬂaaw the &2@gfs these Heseibed in
AR bx?gnd R3, Eut%r@%%r@@ge%gf thQ%BttB:%r ?atﬁ&et%a?rtﬁ%tb%e

for the bottom rather portion o
warﬁlpn of tfee walp Tgte honeaf\t\m waH tﬂkes aajow@lmrvelt foainl, hedingtwo

(R PSicnBR s0¥ Rl R PRl e Y- R PR AR G 6

damrebaveoa swfgiqocblmm@nm:érppm@p@pbm:cmlar tortee @rpphda@cieid but
enses (tﬁ‘:h' evabl e by

BBl Bosls e e BB B B Poa R e 1o

ammm attheh @es@t@@ rthesw Borfiafd cd6 a@asCaitiidveme %ﬁewzn
kew nﬁc; 10 out \N% in opposite directions. It wl ge
AN ST ISRPRORAT O RCUA SR w"bb%w%%smrﬂst;hafdaf%wdpled;lﬁw this

Hﬁiﬁ%ﬂbud@ lﬁel’hﬁéﬁ%@%h?&ﬁ nReyCIYY 8 lcoPér AIFFELR d?%t@ dﬁ ckAain

certain enbodinments is required to exhibit egree

gmbegimintaifcequired jp exhibiba gdremesticomnlinage.t he

enbodi nents of Figures 8 to 12 all enploy two 15

di fferent nodes of actuation, one causing

Hival bacedersieocdihat the erabedisiegts ¢fifigurhe 8ttad 2 all employ two

S 2d UG e Vo in both

eI PR RARIBES ot Frls R oo bH B B skt g

thedivoneeigishasiring obhlaapéiamrremmcm thetmmmetne bsihgthannetshe

d . vol f
e R B G ot 4 A A
Epgmtme $gn inhtee o ndighlbeuemy cartdess Q@réb‘uc&@thét\doﬂﬁn@bﬁone
Ee osed gn the sa por:t.i on, Si

35119 Uigrolyee E?Hg’ntﬁ,{ﬂur&% e Eﬂ’ﬂ’ d\r‘lr%é%@ nepdes

6€£étﬁ§ﬂidr0é7re dupeidiiedas tﬂetsﬁnﬂezwaﬂ Pértioh Ve a‘@ﬂ@‘é &huation
actuati on can be considered to derive fromdifferent

felface WiergoRg f%%@iﬂ?ge'ahmf?%%?ftdeéi@@m il igwees to(1g, the
Fl@HicRed bf abidBE6n 886 bbqee/ﬁg.demrtb'o%%e gfo H@fevm w541ave

different structures associated wth eren

aeieas hawngsiféentstestion mades In Sigoed 1suprarsssi lowen
g%g@gé WRtHeARIREARS difiBret BFudANE aRBELIRL WA afiRs &t Ped

actuation modes, however there is some superposition of actuation modes in

the lower portion as described above.

It will be understood that although a number of combinations of different
actuation modes have been described, still further combinations are possible.

The method of manufacturing a component will now be described with
reference to Figure 8. Initially PZT tiles and a subsirate support are laminated
together. Channels 1108, 1112 efc are sawn and a seed plating applied. The

plating is patterned and the electrodes formed by electroplating. A passivation
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It wll be understood that although a nunber of

conbi nations of different actuation nodes have been
described, still further conbinations are possible.

30 The nethod of manufacturing a conmponent will now be
described wth reference to Figure 8. Initially PZT
tiles and a substrate support are | am nated together.
Channels 1108, 1112 etc are sawn and a seed plating
5PN 2PfiiRd oygrdhe ripciredperelwadhantpzeneckicantietads
peraedaby W%h‘?r% F&Eh&gﬁ} 1oy @iﬂ%@nﬁ@lbﬂﬂhl&ﬁ 2RORL Fcprg s
applied over t ectrodes an he piezoelectric
Hﬁlffé’fm%(lvari@tmlpﬁ)unéde agkdily ofdid 8¢ta§'t0t$e10|¢t§1 evdnedoul as digher

SRR 175 pUPLED T 98¢ Bl AL St g e
theepredesruis thst Higly lmrnperattire pidogsyve hay bawsbd. pol ari sed

to a |l esser extent. The benefit of poling late in 5
the process is that high tenperature processes nay be

nsetticamapreferdd Bfony dipabsvatef ié @rnﬁr@di @ﬁ@é V@fdr%‘ay &age
a Faradg/ Cage. A faraday ca& uced

BathBRes damaimplel dosn 7 1ec CabheRri g iaé(?élﬁ Geposited

468085 hbedon@Y.
o oo g ety AR roh ORdIEh Bk Pofesisgver

?F%$@ﬂ§%ly each layer is conformal and cover the

entire actuator. A nozzle is attached to the outer

el ectrically conducting | ayer using an appropriate

Hrelgebly pedheyksimoontprmepend soveh haentoamchsdow é, nozzle is
t tach .ma

SO 6y g Bl caly 2o TR yBirBlh BhisBBli ey

curatiaoisime gl apexy, nlserarmchm@rembwbseutemm, iamodic etasul at i ng

| ayer is left. For exanple, the insulating |ayer may

be paryl ene and the outer conducting |ayer copper. An

dhehmantieqiateiditaeh niar e vehkar hye pmiceémmférel s oliehat e

0 etch ra hout effec
ATechicE My B0 0 st e el B S e inulalina imer i ieh.
Foz ekampleatte insulbBh@Eryetman defpaefetidale thd SWRF K&%Lﬁim
::HJOI aced. A ng% outgr el ct rical I% conductj ng f¥
19V&h COnRis AN & Sies TG oD G 6" PEBPMUSUIDRate may
pehsedue etdnycabpef PAA@S WERbuSTEL 8n tﬁé? M. 1s then
attached. It is also possible to use the present

invention to provide other actuators e.g.
Upon completion of the etch the nozzle plate is released and free o be

reworked or replaced. A new outer electrically conducting layer is then

deposited onto the insulating layer and subsequently a replacement nozzie
plate is then attached.

It is also possible to use the present invention to provide other actuators e.g.
for loudspeakers or the like. One particular benefit of using an actuator of the
present invention for a ioudspeaker is that as there is no significant net

displacement of the actuator on the opposite side substantially no sound will
be reflected in reverse.
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for | oudspeakers or the |like. One particul ar benefit e ——.
of using an actuator of the present invention for a
| oudspeaker is that as there is no significant net 30
di spl acenent of the actuator on the opposite side
substantially no sound will be reflected in reverse.
14 Cains 1. Afluid punp for droplet deposition
conpr|5|ng an array of pressure chanbers arranged

y side in an array direction, a displaceable
mall di vi di ng adj acent pressure chambers and
conprising piezoelectric material polarised in a
di t.eétfiuhppapdbl @opte@dslad)sﬂhloazrcroarypnslﬂligl’ ection and

el ectrode ans an electric field
ther@?@fragngpmél"réﬁﬁ‘ r%l?%% ‘E?QVWQIEI’” P8 i@ posed
so adiré@iohe abl e under an electric field applied

bet wee z{ﬁ@d el ectrode neans to displace a volune in

a fif aBle wa| @'V'ngaﬁ?meﬂt:w&ﬁ%%hﬁﬁ@prs and comprising
di ff gleestletfic @né&@hé&%lar@%ﬂi @@ﬁgcﬂoﬂ Ha?ﬁie‘?%ch@&d aéggond

adj acent chanbe accordi

1, wHEREIcR @Weeimem@a%f@nﬁ@mlwng eorefedtic %\em itheret; 3.

A fl | |.qi YN
v SRS S50 BEBE APK BLEEH % SIS

subsﬁ@ﬁtficeﬂewarzmﬁd befveen $did eltcpodpneacs tadiisglace saamjume

prec lLace |1 _has
R e L e T e Y
A fl dlsdlapadrm theadhnel, pecdna, adigcpriebedibeg cl ai m wherein
the displaceable wall has a stiffness of one side of
the wall which is greater than the stiffness of the
ophogi ftuid purde antotdivey weClkim 6, wherkinthe ppesgura cieambémg
to Clalth i (Srein the side of the wall of greater
stifFRES ‘§' e j acent the pressure chanber exhibiting
the greater voI urre di splacenent. 7. A fluid punp

or, aim6, wherein the stiffness

ordi
§ q@@ %Lme ﬁ&cmnﬂ tp @y preceding aiRim veesRin HRe YelEmed
on t b@blagedl® théecond chamber is substantially zero.

4. Afluid pump according to any preceding claim, wherein the displaceable
wall has its neutral axis offset from its geometric centre.

5. A fluid pump according o any preceding claim, wherein the displaceable
wall has a stiffness of one side of the wall which is greater than the

stiffness of the opposite side of the wall.

6. Afluid pump according to Claim 5, wherein the side of the wall of greater
stifiness is adjacent the pressure chamber exhibiting the greater volume
displacement.

7. Afiuid pump according to Claim 5 or Claim 6, wherein the stiffness of a
side of the wall is effected by a coating formed on that side.
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"} 8. Afluid punp according to Caim7, wherein said

coating is electrically conductive. 9. A fluid punp
according to Claim8, wherein said coating is forned
by electroless plating. 10. A fluid punp according to
Caim8 or Aaim9, wherein said coating forns said
el ectrode neans. 11. A fluid punp accordi ng to d ai ns
7,.8, ‘ﬁ_@ 10, wherein said_coating =

cotrpi’ S PyTRRFCObTL G C i 7 OWPPW sqig COAtlrfg @.aﬂe%mﬁﬂy
accopghdetiv® C aim 11, wherein said non conductive
coating is inorganic. 13. A fluid punp according to
Caim?7, V\,herei n a coating is forned on both sides of

pet nt MAEPEFRATSEIP lo G HReCh el Stk fRE B By o

14. Aefelctlrotéspmmmgccor ding to any preceding claim
wherein said first adjacent chanber conprises a
nozzle. 15. A fluid punp according to Caim 14, wherein

Sa1 @ ASReO ndnﬁﬂacﬁ:@ﬁﬂrﬁg tCORKR Bror@18PH b SRBeriOAE k8atin
Oﬁg_rat on of a fluid punp according to any one gf
CI ai

@CFﬁdeﬁﬁﬁﬁSfIU|d thereby. 17. A high
density nulti-channel array, electrically pul sed
dropl et deposition apparatus, conprising a
muil t-Apiui€ P poaceeEding teClaimaingl Sor Hltwiarkin sihoeaing n

an_affer %ﬁq%?.gégg BRI IRbG &R,etéasnh@ngth. of the

chan S, annel s Thavi ng respective side walls
whi ch extend in the Iengthmnse direction of the

NS h
oA AR BB LT ElAR 2 b i el sy
di r ecoatow, isimepeciti ve nozzl es 16 Ali comruni cati ng

with said channels for ejection of droplets of Iiquid,
connection neans for connecting said channels to a

sots eefid pdrepddiorditke ROSidirh an wlhle%lh & atngleRimkg ahlbbth
actuap| e ans..|l ocate ?Iln relatjon to
sides of said displaceable wall, the st:ffness of each side being

determined by the thickness of each coating.

14. A fluid pump according to any preceding claim, wherein said first

adjacent chamber comprises a nozzle.

15. A fluid pump according to Claim 14, wherein said second adjacent

chamber comprises a nozzle.

16. Operation of a fluid pump according to any one of Claims 1 to 15 to
pump fluid thereby.

17.A high density multi-channel array, electrically pulsed droplet deposition
apparatus, comprising a multiplicity of parallel channels, mutually spaced
in an array direction normal to the length of the channels, said channels
having respective side walls which extend in the lengthwise direction of
the channels, and in a direction which is both normal to said lengthwise

direction and normal to the array direction, respective nozzles
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said channels to effect, upon selected actuation of
any channel, transverse displacenent generally
parallel to said array direction of at |east part of
a side wall of the selected channel said part
extending a substantial part of at |east of the

| ength of the channel, to cause change of pressure

therein to effect droplet e{ ection fromthe nozzle
conrEATMERTGRYINE NEesdid phamgisiperieripncdatreplgts airiguid,

app! keghd®oRPRESHYGr 5%%ﬁngg£ai§%9n .I@ﬁ:’téxis&ajic{a%g Preor%iet

actuabl e neans, sai dCCO_atI ngs providing a

net $§ePediltisioidendslgstricaleactishiammeinkdetadéd frorefdtiog tan
act uatgr, | i ra .conmpri sin he

St eps- estafa g g BT ABRR BB PR bl ing o

fir strafhacesaddpaceseaboendralbaarfie td suid arrggmiﬁueﬁdn/@f at
t he

coating,on.said.firs d second.  faces, .
condlich] Bat 8g3t5i’4?gw 0@l 53R R cnenid SHis PRyt skienfive a

t han stifk@anie0@king a0 Rasobiths &FRAATAE ehamek!f ©f dHL_E RAange
pr essrre chan‘ﬁer .such _that said piezoelectric

mat ePl BIESpY&ANE hefierh Aronisl eestien from the neetigat or
CoNpebsimGicatingdbeelithiafd QlRGH Lh&tiTIRIRE !aﬁgli(%c@m%a&ﬁﬂsﬁ%

two _actuation regions, the actuator havin D
act ufGes ¥’ sBldedlectperlly achmbliameans. meifeenatings ipreyiding a

di SpheRIRMGE slifdlily aghgtd.on regions, the
di spl acenents associated wth the respective nodes

being reinforcing in one actuation region and

ca ' i L an . egql An i
Cote L VR0 RO Ta AL U By
di sptceiapsitgoddingedpiebyeleciihmabdial eorepssibg bt fatd ynd a

. . ot e .
¢ her ot TR, iy PUSREIR odelad 3G sehElreP b detse] "
act ufadesntheZbnAnclaet eoatiog oacei fitbifgce belbgastifed thadrthe
two. it A sRel BRE ARl R ife pirkeons iBBer sichinat
di f f esidniezoslrdrdemateribl pdRidAs oaetwaltinsredg.cording to

Caim19 or daim20, wherein on each side of the
actuator, the two actuation nodes result in superposed

di splancamentscahplidieg sy %UFEQ@@ectﬁ_@ maABriadesatihg two

accordi ng to an %{ecedl ng claim which uses only

sh ealactua on reglans, the actuator having two actuation modes, both
actuation modes causing displacements in both actuation regions, the
displacements associated with the respective modes being reinforcing in

one actuation region and cancelling in the other actuation region.

20. An actuator according to Claim 19, wherein the displacements caused
by each mode are substantially equal in magnitude, such that in one
actuating region there is substantially no net displacement caused by
actuation.

21.An actuator according to Claim 19 or Claim 20, wherein on each side of

the actuator, the two actuation modes result in displacements of different
surfaces.
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node defl ection. 24. A nmethod according to C aim 22,
wherein the two actuation nodes are associated with
the sane portion of the actuator 25. An actuator
according to any one of Clainms 19 to 24, wherein the
r actuator conprises a portion of piezoelectric
material poled in a first direction, and el ectrodes

f plying a field in a second directjon parallel.

¢ S AR i Sgordieg oA Bt leEne G whei B gach side of
Cor rgepanciol, heNRAAGIAMN MbdSAiduR Eifip&asi ng an
equal dj spl acenent in both actuating regions, said

di spligRerenestsydithysane sHEag e sign. 26. An act uat or
according to any one of Clainms 19 to 24, wherein the
actuator conprises two portions of piezoelectric
metdeAh gictugteamyedding Wweanyoyreseding alaimpehiel usas anlfyishser
di rer%tohgrbeﬂggt%nporti on adjacent to a first of said
actuating regions, the other portion adjacent to the
second actuating region, and el ectrodes for applying

oA B R Ry AR IBh S Sy

to shemcidled oithaté 64me puRionthisae depatdri ons to nove
apart, thereby causing equal displacenents in both
actuation regions, said displacenents being of the

S B AR uater acodRdiAG ta o n@6Ceth 849048 24 Rhdterbihe
wherei n each said portion conprises two reglions poled

i n oPpPysior 60BWHERS3 PaRENH diesiorlesticmpteriel pried boa first

def | oAt ' -l conf i

! LEFL, Sn90REELA E1SH O g SER LRI By e
wher @ $eid fiest difeetinn vhewdmpaiddiest mope coirespontis 1o expansion

oi 67 : Ll P ana
D 1 PG apohenTRLEnL Th SABRLRP ok Bm e pRBhdltior.
18 asdid difplasimbrpsbéingof iive sane sdjinc ection is of f set
fromthe geonetric centre of said portion, wherein
sai d second node corresponds to bending of said

pAe Aarsobaist agoediigito shysehackOrIThs 10n0 Rat Whasiugdel on

regions,, said .displacenents, hei ng of. opposite sign..
20, AUZISF GRIBFSER Bt kAT 6 AlRgPTRe Mats il REangeq side
27, wheideignd f8ed in a first direction, one portion adjacent to a first of

said actuating regions, the other portion adjacent to the second actuating
region, and electrodes for applying a field in a second direction
perpendicular to said first direction, wherein said first mode corresponds
to shear deformation causing said portions to move apart, thereby
causing equal displacements in both actuation regions, said
displacements being of the same sign.

27.An actuator according to Claim 26 wherein each said portion comprises
two regions poled in opposite senses, and wherein said portions both

deflect into opposing chevron-like configurations.

28.An actuator according to any one of Claims 19 to 27, wherein the
actuator comprises a portion of piezoelectric material adapted to

undergo & strain in a first direction upon actuation, wherein the neutral
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actuator conprises a portion of piezoelectric materi al
poled in a first direction, and el ectrodes for
applying a field in a second direction fi

perpendicular to said first direction, wherein said
second node corresponds to shear deformation of said
portion causing an equal r displacenment in both
actuating regions, said displacenments being of
oppo§¥@é>§ﬁ@ﬂxﬂwmﬂﬂﬁﬁmh$ﬁmﬁ@@wtd&@bﬁdmﬁgegeomﬁymameneﬁﬁ

d ai ggig {Mh hver @51@'5‘%{:&# ma%%tc%%g on%g%)é I?(ﬁﬁ%%f said

portion of pi'ezoelectri
di r epoition t@ﬁ@lﬁﬂh@ﬂuﬂfgmm@wlqam imi hmgh relyiators regiach said

regi I oy .t e. sense, and el ectrodes for
appl?%ﬁ%ggﬁ% e %Q&%Oﬁaﬁgggéggﬁirection per pendi cul ar
to said first direction, wherein said second node

corresponds, to deflection of id 0 tion into a

cheUABAT er Y g as e eElelmy el wherein the
dl sphagen®tbfmpriBed ahBriRatdIPidRBICERIRASIal TR in a first
di spl acements bei nggof opposite si 31. Drople

depoSiTEFiRT- appatest e%:fé’frﬁPP’giﬂﬁg? W a 85c05d dgweég@ur e

Cha?@fﬁend&@%@ﬁ@&ﬁ@ fiey dReERRL Wheras SSHdkhshd RogBY one
ains 19 to , chﬁﬁges in pressure in said

chanBeF SRS ée shgardledqy 'Qﬁ@f]ﬁ%‘dl netieg; GRUSEE ArrIus]
r esulgidpR@eiiant h’fﬁ)é‘iﬁh@ﬁﬂéh;‘@ ré?juﬁfst 520 ntg)léyeﬂ'%ng 5?@6 Q)T‘g

nozzl es _conmunicating w sal d chanbers
opposite sign.

30. An actuator according o any one of Claims 19 to 27, wherein the
actuator comprises a portion of piezoelectric material poled in a first
direction and having two adjoining regions, each region poled in an
opposite sense, and electrodes for applying a field in a second direction
perpendicular 1o said first direction, wherein said second mode
corresponds to deflection of said portion into a chevron-like configuration
causing equal displacements in both actuation regions, said

displacements being of opposite sign.

31. Droplet deposition apparatus comprising an array of pressure chambers
separated by actuators according to any one of Claims 19 to 30,
changes in pressure in said chambers caused by displacements in said
channels resulting in the selective ejection of droplets from nozzles
communicating with said chambers.




