DROPLET DEPCSI TI ON APPARATUS The present invention
relates to actuators and in particular actuators for

waele@ploetosreposi ti on apparatus. Dropl et deposi t PGRGB2005/002746
apparatus or inkjet print heads are capable of placing
smal | droplets of fluid onto a substrate. The

DROPRETDEPOSITION APPARKTUYS! | ed an inkjet print head
fromnow on - even though Tluids other than ink may be
ejected - force the fluid fromnozzl es which
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drogplet depdsitbn eppatastug.he fluid. These actuators take a

nunmber of different forns but tend to fall within one
of two categories. The first of which is nmechanical,
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Titanates (PZT). Certain plastics suc
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an electric field is applied, the structure changes
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1 ezoel and the nechani cal
and eI ectrl caI axes of operation. For certain types of

zoel ectric material - notably PZT - these axes are
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manufactured ceramics such as Barium Titanate and Lead Zirconate

Titanates (PZT). Certain plastics such as PVDF can also express piezoelectric

characteristics.

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 piezoelectric
material and the mechanical and electrical axes of operation. For 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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the orientation of the poling field determ nes their
orientation. After the poling process is conplete, a
wQ odobag®st ower than the poling voltage changesP€TieB2005/002746
di mensi ons of the ceramc for as long as the voltage
is applied. A voltage wth the same polarity as the
pol i ng vol tage causes additional expansion along the
oling axis and contraction perpendicular to the
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In both cases, the piezoelectric element returns to
its polgg di mensi ons_when the voltage is renmoved from
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thia@ddstishéar apfhdeshagyl ume change does occur. In all
cases, the deformations are very small when

anplification by nechanical resonance is not invol ved.
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taken parallel to the direction of polarization within
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the excitation, the second describ direction o
by mecheyiiad nesarsnerdse noFmwvobseanpl e, d33 appl i es when the

electric field is along the polarization axis

(direction 3) and the strain (deflection) is

Figure 1 describes the standard directions of piezoelectric material. The three
orthogonal 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 electrical and
mechanical quantities double 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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along the sane axis. d31 applies if the electric field
is in the sane direction as before, but the strain is

WO poobles932 axi s (orthogonal to the pol ari zat i onPERGBLI05/002746

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

exanple in US 4,842,493 provides a punp channel forned
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the present invention there is provided a fluid

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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punp for droplet deposition conprising an array of
pressure chanbers arranged side by side in an array
wa@l2eemoiosn, a di spl aceabl e wall divi di ng adj ack@/GB2005/002746
pressure chanbers and conprising piezoelectric
material polarised in a direction parallel to said

AcBiTG R e BTt Bt ha herRis BREIed B
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fig%{? ﬁg%ieg bet ween sai d el ectrode nmeans to displace
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eleopierfiald @appligd batwest] saidreledtehemeans e ditipdandeas ahinee in
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othebdiacdhethamblr.an arrangenent undergoes a strain

par af lel to the (offset) neutral axis, a bending

nonment is induced resulting in a bending strain. The

[ I i £ s which is
T vaRInE BRIt nE R Flafiderm BRI MRE S Bhos i < o
corséstorafing Welumwrd of. fluid. Tise puRf igrgrefbrabigtin dybibabantbut a6
of the wall have different stiffnesses effected by

alsehe 7988 applied to each side of the wall, however the
structure of the wall could be adapted in alternative
ways to offset the neutral axis, for exanple by

Prejemabilylthegvolemeatispig cad i Hessaetambadiaeerst dmmbdres
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on SXABPbRtioA d1A8S ¥pldePR chiR®eron or an el ectrically
conducting function. Two or nore different coating

materials may be provided on either or both sides of
Th%_@fseptj\%ﬁa’bii%yv%ulis‘?‘%%fggab% ra?rg%gg % ha;/rleq =R ral%%st (i)f?sqet from
the geometric centre of the displaceable wall. When such an arrangement
undergoes a strain parallel 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 wall 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 wall, 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 wall such
as, for example, 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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materials may be provided on both sides of the wall in
di fferent thickness, thethickness on the or each side
wheingost ected to provide the relative differkPO/&BRIV5/002746
stiffness. The el ectrode neans are preferably provided
by el ectrodes | ocated on opposing faces of the wall
thiskieisst drathedoff &gdtfsiag rb%r.regf séleBRUWBIoViNE fihn% 'r%éti@é‘ﬁﬁféﬁgﬁce
. to the array direction. 1n a preferred enbodi nent the
in giftnassodes are of different thickness to provide the
relative difference in stiffness. The el ectrodes may
be fornmed by electroless plating. A seed |ayer can be

Thd epostrdddimpanenee preferatly preidd@bl elsdtiedied 18E4teatdronal
t echni que g‘gt vacuum pl ating. The seed layer is then
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pl ati ng process continued. Although both sides of the

wall will now be plated, the initial |ayer on one side
. ! Y , i ok .
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LEf ' I I the first t bei
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pressure chanbers are substantially identical. For

magkaifide, each pressure chanber may be of equal
di mensi ons and conpri se a nozzle through which fluid
Is ejected. In an alternative enbodi nrent sonme of the

Altpmesiselyethehalebtrodesrayulde elRs irgsiat e orRiidiag iaoébéq’]@%?f(ﬁboth

. froqn V\/n'bch ﬁlrgg‘l ets are ejected through a nozzle
sidghiof sgcp el 4fRan Wet Chamial prasessdes eyamplel Ratiarping is
th ?] | . . »

Ao (At fodtiner thedfnsFoiBe o Boph WRALAGTRS set
ane sepbestslydndopneststogetrendnbdeesondigides oflezupavell in a second
set. The walls are then differentially electroplated, the first set being plated for

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 a nozzle through which fluid is ejected. 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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channels with a direction of elongation being
orthogonal to the array direction. A cover may be
w@e@sioads2 whi ch ext ends over the top of the cheeireB2005/002746

thereby closing the top. In one enbodi nent the cover
contains the nozzles through which droplets are
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closingtite fopcén ohetelmd)qﬂlraesum mvammehtamsrt’f@ mzai@s through

h | h
whih RTaRiess FReEIegeR: Tl Sbanenys eraiodmentineng Ao es "
fornf&d frfﬁ n%fzgf ol ;%i vhichYs bﬁaéﬁéd)i% fHeeraritgaeé of tee pressure

di spl acea s a flexible hinge may be provided
chaby\elsf aheejmnmye;rmnhemay or ghayendldyave aragverdiesing dngir top
rIJOI n the tops of the displaceable walls with the
Sur@gGer. Moul ding or sawing or a copbination of the two
may formthe fluid punp. The present invention wll

now be descri bed by way of exanple onIfY with reference
Thet oo@rgna\ebensuffoorlmefeﬁa ihetve rgares af flaxkilly tapdgw flexure

[ ion lec
of i elrArarea g s 2 nandles o iy Be i SR KB dr igmte o
flexﬁflé@'ﬂ%lﬁf'?@? M Sdhehazly joimtiee amswafttherméﬁl@waiﬁe vaiadvith
show an i nkjet print head usi ng direct node actuation
themioyer.es 6 and 7 illustrate the use of bending in
actuation. Figure 8 shows an arrangenent wherein
channel s can be actuate substantially independently.
Mobriding 66 s8wing dr2a sbewiratioerafahe weoshayitarar e fiuid pump.
al | ow si mul taneous actuati on of adjacent channels.
Referring to Figure 2, an ink jet printhead 10
Th? gp&rérﬁ ‘?rf\/e?'ltlwl\kﬂl Wo\AP\Mﬂ%é YeSbriRa Bl Waly dffdaphine Reiswith

an arr t he channels are nmutual ly
reférr@ancedemgLﬂ‘esalrtan ohi Wbtcht on perpendicular to the

| ength of the channels. The channels are forned at a
density of two or nore channels per mqm in a |am nated

Flg%RF‘? Ile‘lraﬁés Bteﬁ'\%%'r@ bRettions foRetibok of plezbaldcyridbterial
direction of arrows 15, 15' and are

Flgdleés amde%xshow_yarsinwthalm@apbarahag%mﬁat wghg shear mode
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
parallel 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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surface, the thickness of the PZT being greater than
t he channel depth. Thechannels 12 are open topped and

WO poobloesopz i nt head are closed by a top sheet 20P@F/GB2005/002746
insulating material which is thermally matched to the
sheet 14 and is disposed parallel to the bottom
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20x0ft insuiadng Maetesiabwhichi mﬁdarmailh matrked o ireghedtert and &

t t f t
diosREE e o tap GrlBrE R GR ol RBAR D SlscasLbOBIb G e
tops 82 df shepalilsed. trthetdh%nﬁbfscu @H@:ﬁe@@d@%@%fnﬁ b{g@%ﬁ? of
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displacaxt ovthiel ;mussltlxﬁnslhehd‘aaéd by trecbrokeprlinggl 286 16 of the
channel . The channel 12 also has a part of | esser
depth extending fromthe tops of the walls 16. The

ln'mj@b'a anieaééé}gtr?a’t‘ft bﬁ de’?cf a%‘ a‘? %
t epth 6

s 16 occupi es annel
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t
oyt Tl Einis BetABad trairin B8 cedrielsier Blibyne shainslare
expélieE By aativédior o?the%@iﬂlbod&*uéibr Waﬂ§t1r gtg't%%a%el The

el ectrol ess plated nickel. The electr
chgepels12 algodias a patt afdesapr aleptlaextue@dmg;ﬂremttheabbswf the walls

. '. ' he full d h.of t
16, LM LheGM LRG0 yieh Bl BRbofEdsUitEbes, OF i wals 16
oceapies the depth oBihef cHathneg giderwallBsutsd & h&t éﬁ@ﬁ@&t?@le‘n@th of
al | ow el ectrodes to be formed on both sides of each

theyghgnnel te mipgnisedpe icapasitive iadat thei printdweses it suitable i

I t: suc
eI REoRRNAEHN B0 i h Mol O htkeP A3 Rt LG Bmecs
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wals. Ahgadieds! usklt tofpredehi G&Ps¥idon Bf #hé WoRE iNaYe hidnFold

region. The step is repeated to allow electrodes to be formed on both sides of
each wall. 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
electrodes 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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is known as a drawrel ease-reinforce waveform The

volunme of a selected channel is initially increased by
walecawiontysbhot h wal | s boundi ng the chanber outwaPdBEGRA@S/002746

the walls are held in this position for a period of

time. After the period of tine has el apsed the walls

ofitiee s@lgeidd dHamy I e

channel ther eb{/}@g}ﬁgg?l?)ﬁg}égﬁg@ %gdryﬁrtg'%%ﬁtthg%ﬁgg'zer glgéj”y as
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channel s. These two features conbine to reduce the

feriuiaRAATRIBgeReguer thehneninaupftesueneuypt bdi@) exipiets may be
eLerc?é'B frgﬁkﬁ]lgaa.l%%ln%m Providing an "air gap" between each

ctive channel” can'i ncrease the frequency of operation
of the print head of Figure 2 and 3. Air gaps may be
rrrower than egjection channels but it can be seen

PrQUEINGIANS 2l 930 1haleen ERehEvaNe @haa@ﬁlsqaryinggedage thg
¢ ' " . -
S PO A5l e ML APl o v

reference to
npaowel Hlarcéjentieh shaneel duritdanie e that epianal ¢6didcoRe

one gnpt her by parallel walls of a piezoelectric
C'&%theﬁrid%.ns%ﬁgydﬁprt@c‘?d%n of polarisation is, however,
orthogonal to the direction of poling described with
reference to Figure 2. The walls are polarised in the
Aspthey faim et en @lieatdr isl desoribdd svithy wiedededo Rigureer. Gheke

AP A S P b8 gt o
ofbanoties bl abRell\osIRESE 4 PleRoBRRIR &8 affic [T Bﬁ-gcticﬂpgfe g

have nozzl es 50 associ ated. Electrodes 24 are provi
PeRrisalion iss hawewar, losthegonaktodherttirsiction lob plling diescribed with

il Fi 5. which.i | d vi
b RERE ot T2 Snd Wl e no8ED it RSl pRefienigd s
elecodés pravidatl bo edppl yidehs the elll apHI¢ B TR ABFERSHERSNl in a

PZT. as shﬁ by arrows 15 in Figure 3. The el ectrodes
digettioP hrtpielitadie polarsaian Kirgatiom dsiaaniials 4P arkdoraetsinto one

SR e ST, WA o0 R PGB bl
o e inatte wallhef thietchannd®l as depicted by the dotted

lines. The net displ acenent
Looking in greater detail at Figure 5, which is an enlarged view of the actuator
of figure 4, the driving electrodes 24 are also 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 O31wan @and

Osawall- The total net displacement is therefore given by the equation:

Ototal = O31wall + O33wall
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for a given channel in these directions is given the

nomencl ature d3iwaii and d33Waii . The total net
wale@ploesosrrent i s therefore given by the equatiPOT/G82005/002746

total = d 3i Wa|| + d 33WA || A n actuator in

accordance with the present invention is described

Anidchudter B £eRd4fod WilH 18 ﬁrese-ﬁ'i‘ ﬁw@hﬁéf’?% Sgééritﬁad with
material is polarised by applying a polarising fireld

rep@iionsetotrigurers. vi hﬁgplelzeelectmeeateTtaEISEHMmsrenﬂbﬁ applylng a

PRI H T8 T LIRS Bk Bk oS e BP0k e, are
ofcdn arrfmenﬂmickﬁbsss d@F@Mdﬂ@Sorﬂ\zvﬁgt@]re? ﬁeféﬂef @Qi%%sortéhtsme the

opposite sides of
eJSP&?beE?‘@@ebﬁQt heisappridearifier Enmidmsetp@mploene sudes of the
wf i, ERGE b bR SRR BB Eh® aPREE ihroen e e topisgloency

act uator wal I s whi ch i ncreases the voI ume di spl aced by
a val l?ndln The wal l's displace to a position as
TRe 8lRs '89 qfficenat sdmprovrdas hredffsrent siffness ingunesrebending

g4 96 FE5E Sl (AELEO e ol fChspietedlo o
vilos ébel.ar,,g Tioswevads dispaace ttha piositiohexscgsiimey wae&aea liRks.
n nmodi fication can be nade to

desi
T'?%thﬁ rpet Cﬁ’b&%@”@ﬁ% Isdheratpenaiver byitea@auation: exanpl e,
the poling direction within the base may be reversed,
or the thickness of the base nmay be reduced. For

exanpl e, the defl SgtiDdziv * bRuGADB.MALT € a thi nner
base is provided is depicted in Figure 7. dbending is
i ncreased and the overall volunme displaced is

Theptiftvess. oflthe hasePEE hdvdvieRefar i%ﬁﬂﬂt”t’h%% iprﬁ)vement of

applicant that the vol umes ‘di spl aced by t xpansi on
thgwalband adesion mpdifisatipn saodiecmiadedo ratteer lmpramel thérejection

oA HET Tl AR R RGBS o) T T Pese FaRY Pr edse
orghethidkdess of thpfeset @al aeedated he piezoel ectric

material, can work together to either increase o r
decrease the total net volune displacenent within a

I LR i .sed, . .
g ara e ohe dRCbhAENEEEAS wRefl p Miniy B IS BlOvan
deth@pdarmélmmeg Oshuay is ircrdas@dWadithe ovetallevdlieen@bplaced is

|mprove'H3

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

If the differential plating is reversed, bending occurs in the opposite sense and
opposes the displacements 831wa1 and daawan to give the net volume

displacement in a chamber as:
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di spl acenent in a chanber as:d total = 33 + 631 - d
endi ng By selecting and operating at an appropriate
wQ 2006009962 dBending it is possible, where dBenPCTGB2005/002746
d33+ d31, to operate the actuator with substantially
no net vol une displ acenent in the channel.
Beneficially, by ac & DE. C to this situation
it is possible to pfb%tgl dggaa éﬂa;bgd’gr\‘/%al | dropl et
deposi tion apparatus where every channel may be

RSB BBt o LRSEPRL T
WICEYRI B2 ging &0:8 BN, folbperate BieSadifatt inith :ﬁJlb%PérﬂFalﬂﬂ nWét

configurations are indicated by broken nes

volyrpg ﬁ@méﬂfméh@ﬁhﬂaheblatlng of each wall is |n
the sane 'sense', thinner plating 1102 on the right
and thicker plating 1104 on the left as viewed. In

Bérefiallyr Bpgetimg bt 6Rcl0s6 M@ Mme situstias itiahsd
defl ection o?ﬁ% single wall. Act l'Jatl onbofS'g?? tOrPrOV'ffaS

shaged walleran ebﬁeawtl@&ﬁp@ﬁraiﬂs \M!are €100 ehanmel mdy bough
ac‘?@éﬂéd%%ﬁ&ﬁ'é ?,10?,&93 rﬂgltgr?é &fs?)% t he net displ acenent
he p

In the anne ReSu i ezoel ectric
expansi on/ contracti on and bending effects. As
expl ai ned above, actuation of wall 1106 does not

THiS feb &g 2ellie\edhy aetughyg ey ane waldereach chaahelnasishown
inFldige d in \%khé}?’% A @/‘éll%%ﬁﬂg%l%?ib Q%\'rgnpd?{f%tea%ycb Rog!

1112 can ther e actua st ant ia
llnﬁﬁdbpiélr&jamiamgeméntdhﬁermua ib[ﬁlnglof éthwélh%Sﬁ th&vgame
at the sane ti

SO B Pt o B B Ao et otetng 5402 Rowhe 1ot
as: \ggwglri r ﬁ@%ﬁrwgrfﬁﬁ%é@é i E&L@%@ by @%fle@ﬁ?rLBFa
single avadla Agtugdion of ehanheh? W&rseacmeve@bwpmecmmeot wall 1106

t of asff| nt | onpl i ant
S Mt G oRE IR peind it S ndl iSBgs Mebbin the
chenmébig ¢be shaT 6f mEQJl@@déle@m@té(pbh@ldn%rﬁfacﬂ@hta?n@ bending

fépates Al ternative wall structures which ow

HurSafrerieiged @bexei astuationof g\{ﬂﬂomﬂfh@O%aﬂm@tmﬁally
[ t: f
ceRRg ey G G el om0 118 WIFRE pbb RS aetsg
nefgithiceringfahvannkel Wt tan itlsericfdresbe atk@tdy 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 allow 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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arrows in the left hand wall, however different poling

configurations may bepossible to achieve the sane
wa@edogaoda2 confi gurati on, dependi ng on the el ece€Dd®2005/002746

pl acenment and drive signal applied. Actuation in all

cases is by the application of an electric field

: &f t (1

pofERTS A ire AlndRe PR KoMl aN e denste, 1
electredaqtiacgradnicand dgve aighehapplted. watuativefiorattases is by the

so e el P SRR e ] boRA R e o
rigﬁﬂt%qeﬁ%r\ﬂshefjm% EsntA Q/alas sEBAWINiit8 ddhesned fdoakigesation,

could be ITocated in the roofs of the channel s or
theawvall Wefenuationf causing haehdlspladementgu tiee Bft hard charmel and
ortj.on of the.channel .wall 1202 ac in th
subippligh Baael fiseRppriid e 6P harthe fipafleRare Fo
shB®h Y théksd h@#]r%@nsvﬁédm@bbcr@cmasﬂ\ e RIans thnckinidigbr at
e wa

portion of . The two upper portions of the
thevahdls 0Pt alrRNrigl®6, are poled in opposite direction

perpendi cular to the applied field, and act in shear
produci ng a chevron |ike shape when actuated. It can

In PRy 5 ®) thé BwarsuHies bl gteechariml Wwedin 20202ctexmpénalso called
causing a reduction in volunme of both channels 1

n o\ . . 20
direaimogigotherappliasbeiesticdisid rgdmalingPeing Hihersasee %’Ffﬁﬁ’éon

6 _ iy . '
cobf AP e BT YO f e
wal2B4 Fhe 1808 phecpotedtis oppositaditettid? férpeadicudamadbet o

cancel each other, thereby. causjng substanti al nQ
appbied diglth @0d actye SHRe" PRAURNgR Phﬁg@oﬂ&ﬁﬁ 4pe; én Betuated.
. . et _
t EEb SRR SRAINEY 1A 2D g R educton
in eotock oEboth cluanrels 6220 endf 1286 dhebshavien appligwation of

v Bl 204 Al R e phRe B el YRR o
ch3hh8F{ 220 dshd'j ihciRiski iR Rok#R@ of ehbaNg 1280, dagedisplacements

activi ng to bal ance the activity of portions 1204 and
in thesnelr230 eam beenadeite vancalyeashiotjen theehyausinttri ¢

el d b . . v
sulpefer BT e B oRlne . EREInGLIA00, Whilgthe i
difsatémentin ennednpoatinfurcefto these drépletejeation éloyn thvat

additional ly, direct node operation could be applie
chadnehdn BRISErBPOFIRNt ACIHREOT: RapiiRiied ytthezf\?pbeg@%ﬂp a

single field across the whole height of the wail.

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. Alternatively 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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t hough that the contraction in height of the wall
portion acting in direct node will tend to cause
waledosmeioson of the base portion 1240 causi ng SPOEGB2005/002746
di spl acenent in both neighbouring channels.Referring
to Figure 10, upper wall portions 1304 and 1306 act in

Remﬁq%midm RS UPPEF Wah SRRV Nan@h8DE @Rt IrPthiel <Hihe
9. e lower portion of the wall is forned of two )
wapaisrdesefibetabova-ih irgletier ta kiguig Spdheilewer patignaidhe wallis

1310 .at b 131 . A4 ed
forfeth e R e oA R "R eateDno FRARDLTRY gl 1838 anc
, . I o g
Seé%ﬁ%:??%ﬁ%p ?3%12; nei g%‘ﬁouri ngﬁléehd;ﬁﬁgilgwgg%% _ang‘a 133%%6.“8

lowes partionsi g0 @nd, 1310 deflact incoppesiesensesacaisioed Wlene

g DG BRI e o s v
strUBUfe EaNDletxramat shett that aBiugtior dd chandelt 1820 cayses

result in an increased nozzle pitch_resulti ng in. |l ower
subsigptialty bp nebMelymeprNagiNUEtanGE! § Y3 chip piiygturg is more

Li a e i o
colfii8Fheb PBLBI LB S ang it RACIn Hht BB vt it
resftiiedinuseer easolutidre B heavderode tuktation typinalbulsas adoudwerdife

" structures, electrodes are

i typically f |
CyBBheR FsePEI0de A5ae A Bpue T aead 1S eda RETRIFTE Skl oge in

tdis '-h?eﬁtivﬂﬂﬁ 88| Hg@néa?nﬁme%ﬂulaﬁow:ll depend on
anhowb?(ale e ect?o gs gr connected and the drive signals
applied. Such arrangenents may include an el ectrode

O P B A B
ind19& bha 'b%t%i@f@g?é‘étbﬂgflléé& waPatdirRddibyctR rodipdifdinathe walls

agai n use ower portion of the wall structure
wibhflependios how ththelegppees pee cponedsd agd hefdsiveeigrals a

i.ngl ti f P in.t ' i
ariiee; Sufl sregpe ety hebith EepbarPEcPatE e PEisEr= ofdbk ot
a POht pam wayt usleieonamht of sleegall.mode, as if |ike one hal f

of a chevron arrangenent. This acts as a cantil ever,

| aterally displacing the centre of the wall, and

TR SRl o LB SAR R 151 oy
g 9l neee againutssalrfdl yheehopam giongpre betheowsll arudiese of bigure
1D e e postion A is formed & & BGIE pSAIEH of Bz 55kd in the
same direction. On application of an electric field across the upper portion, it
deforms 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 acting as a cantilever.
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It should be noted that in the enbodi nent of Figure

11, the nmenber at the top of the channels 1518 shoul d
wheoosmbsst vel y stiff and offer resistance to tPEr/GB2005/002746

bendi ng nonment i nduced by portion 1516 acting as a

cantil ever. The enbodi ment of Figure 12 enpl oys wall

he%’n% élf%%# ta]‘lgogmgfb%g%ll rﬁ@rﬁ)@%b@awdr%ne Pdled in

perpe ar t d, deformng into a
oppbs;autﬂr dmeccimrapdanpehdmm]ar'r[b dise apphetd foeld, detormings irdmiai ciievyon
sane_as those descri i,n Fi gures 12 and 1 but .
ST ooy Mk ReUorS aa Hebstat e SEMe 4% Ritfee descrid in
Flgj}gé '19rlarﬁf13rl9ut"l’?érle thd{8rd G Rr tﬁé‘@ow@lﬂ rbfHEf $hah the top

form havinhg two wal|l portions 1608 and
poﬂi&ﬁﬂofstépamlt é'mebtppaofdhe ma}l takeﬁ aidowblel wal faima, ha®ing two

h.h
wal i p0s it €1 ebledten B, b BFh8 1B 610
ea(:ﬁ%kz@\éagh%h ireQidnne pising Perpendit@iat idrsapsifed field, but
exanpl e en activated, these portions each act as

polgghini cbmmntg sesieesi(aghievallahyalingdishis theeelgciedes s .
ooblonlt 6 SR S IR FEclEE o BT, Sioving

oulRZ#san RIpplotité @ireelidms. Nt wmtwlu mweﬁooosthee trubrdett td @llow this

exhibit a degree of conpliance. It wll be under st ood
defermatione meefpbear HEHE whigh maylesa caveiornozzle piaig i Fettaw

erfbddi ﬁ]e‘ﬁ'fg lsm%%ﬁPB %%fb"ﬂtd QQ%re%rkﬁ oRNSIdMEe

di sp acement he two nelghbourlng
channels (ie redu0|ng the vol une |n both channel s or
i ncreasing the volume in both c

1 Wl S OO RLGAEEERR COToRsRBRa Fapgiral & 4 2 lggnploy two
d@%&b PrRMelsrtq & rld &us w&sa%cbﬁ%mgbwfma Qém@r!sﬁ‘gn in

I ncreasing the vol ume o he other). In Fi
the hwohmgm:ndurmgm’ttammdﬁsee odduning thte weluareeinsegib ealsmf

| 1 I t
nihgeFrhum 3 Ol ek REbRa e LR Bl
oppd3HE %@nglnttﬂe]t@/o hdighboGrinpelammis aetrvatiting t@vohene of one
considered to derive fromdifferent wall portions

arihivicrepsing th@r %Qiﬂ”@c@fdaﬁlQihefr}DkﬂleFé'gui%8Hh@}M@ @f[fertmm@@des
oS0 e e R AP LB L85 e aspaton

sUrRvETddrieing thve difiorers unsdayost défmatiofh. m:ngates)a tmjdethe
in the | ower portion as descrlbed abov qt”vvlll 33
twormedes @Bactu@é@naqanmgﬁn%ldﬂm%@r Fiveclspmi ilerest walk

pSHibhE h&Rhg different actuation modes. In Figure 11, upper and lower
portions of the wall have different structures associated with different
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 substrate support are laminated
together. Channels 1108, 1112 etc are sawn and a seed plating applied. The

plating is patterned and the electrodes formed by electroplating. A passivation
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actuati on nodes have been described, still further

conbi nations are possible. The nethod of manufacturing
w@2@enpsent Wil 1 now be described with ref er ePCEGBR005/002746

Figure 8. Initially PZT tiles and a substrate support

are | am nated together. Channels 1108, 1112 etc are

co%gﬁg éfﬁﬂpl?eosg\?%t% éaﬁb RdrLfhenthe p‘i’éﬂélé‘&nb%atenal is

ned he el ectr es formed by el ectropl ati ng.
po@eqhai‘smmwall omayolbe pn@nssd ap pl ditiereny éavel vhict alblawoties

t.hen .t he raI 's ol ed. .Each .
BTG BUO e s Vi OB e @i 146 BvERart S B higher
acﬁk/itw@ng Pay'bé § %Tdﬂsb)d ¥ fe8sérodentd ThBS et b}zsmj late in

the” actuators be evened out as higher activit
themirbcesses that rpxgh demnpethture processes maythenusedhe benef it

of poling late in the process is that high tenperature

processes may be used. A particularly preferred form

A 9%rtll@$§r X’@‘é‘fé’@ed $orﬁh 5?;5%&%&1@@9@ a Parbda@©ege ?0farbGay cage

produced, for exanp when an el ectrically conducting
is [pag@uceds f@e@(ﬁhplédwbeérafadﬁ@frﬁm@lbh aordycing layer isenesited

R L P L e e A
cleédirbdas.actuator. A nozzle is attached to the outer

el ectrically conducting |ayer using an appropriate
attach nechani sme.g. epoxy, t her noconpr essi ve,

Pr%tfél%%iéj %a%ﬁ"%g/@ fs &rfforn & (ﬁ\}e‘? tﬂ% %‘hﬁr EEﬁ‘J%Ifbr”F%’n&%le is

rocess where ectrlc
attamféaictblthg deeaslectslcatlycb@rmbwd‘nlnbsiaydzr’msmgl mrapmsptl:amel attpch

Kerlsleft hexa e, the in Iatlnglaer rray
mee BB @Se CRAY  dhe ot PE?&ﬁH’@e?Pf?gf"Fa?B di
etchant of either ferric chloride or Anmoni um sul phat e
may be used to etch copper rapidly wthout effect on
Théaopze\latesttadghonay depiestaried by at precess whehe the 2ries

N T Ly N
F&e@paﬁhb@dtr@tn@utéﬁmgua%ﬂ Rbl e payRheal Hese@H edhlvcihng
repl acenent nozzle plate is then attached. It is also

layessopner. 4 eickantid qithes terricichasise @anmsn@mI@m a@lpbﬁwemay
o8 GbER GieTo o net Tl HERGE S S bBRr v Rene or esent

invention for a | oudspeaker is that as there is no
significant net
Upon completion of the etch the nozzle plate is released and free to be
reworked or replaced. A new outer electrically conducting layer is then
deposited onto the insulating layer and subsequently a replacement nozzle

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 loudspeaker is that as there is no significant net
displacement of the actuator on the opposite side substantially no sound will
be reflected in reverse.

14



di spl acenent of the actuator on the opposite side
substantially no sound will be reflected in

w0 eoes®SLCl ains 1. A fluid punp for dropl et depOFGBR@SE/002746
conprising: an array of pressure chanbers arranged
side by side in an array direction, a displaceable

cM@hk dividing adjacent pressure chanbers and

—conprising piezoelectric naterial polarised in a
direction parallel to said array direction and

I f | yi Lectri field
el dBE Pl 1ok ditiel depo A OIRG wal | i s di sposed
SO APairfy BepAlstré! BHSMbRR §rlr§ﬁ%édd_§idfe't§) Qdé@lﬁ"alweéilray

between sai d el ectrode neans t I'splace a volune’in a
f i rditectpe, of said adj acent chanbers that is different

cndndsPlatEBbR §Al AR ina polettol e SRR AP RreLnd Remrsing
t hepigz RsISEtFiE nedaRBEpSIafsad A & direbiiéhiparalidl to'sdil Wrhy
pu according to any preceding claim wherein the

voldirestian apidaeetrode Meansdebapplyingnireelecyic field thereto;

or ATt Ind BsRlackapie Wl ¥ e B SRL S8 PR utPeti8 g n

neuwleettic fividsappieirbetiveem 44i¢ cirddeerhéase s BRpldte fvolume
fluid fpurrp according to any preceding claim wherein

t he & 4Bl aRe sbraidrdlpcerichannigrs thalds differenkblosa velusne
t NesidBibted i B16 othePIRRALAN, bABBeAIhAMBLS ness of L he

opposite side o urd punp accordi ng
to daimb5, wherein the side of the wall of greater

tiffness is adjacent the pressure chanmber exhjbiting
ihe&éw@rewpﬁﬂd%@naitg aigbieberein the prassureghambers
acCPhinG kU@ aimS or Aaim6 , wherein the
stiffness of a side of the wall is effected by a

coating fornmed on that side.8. A fluid punp according

o Caim,7. wherein,said coating.is electricall
Bonddelilp@uEp PG 0 Ry Pretaiind Ao el il volume
whefighlacédirfitheosddond dHarhisérB Gub¥tantially zero.

4. A fluid pump according to any preceding claim, wherein the displaceable

wall has its neutral axis offset from its geometric centre.

5. A fluid pump according to 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. A fluid 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. A fluid 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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el ectroless plating. 10. A fluid punp according to
Caim8 or daim9 , wherein said coating forns said
web®@enode neans. 11. A fluid punp accordi ng toPCl/&BR®S/002746

7, 8, 9 or 10, wherein said coating further conprises
a non conductive coating. 12. A fluid punp according to

a A . .| | .
o i otk af siah SRR SAdRRT Secticall
wheagamductiveoating is fornmed on both sides of said
di spl aceable wall, the stiffness of each side being
deternined by the thickness of each coating. 14. A

C q - 0

S TR B REECG (h AN shReRm S ALy BT R by
f | weldctpoleps ptatmgdi ng to C ai m 14, wherein said second
adj acent chanber conprises a nozzle. 16. Operation of
a fluid punp according to any one of Clainms 1 to 15 to
RYIR ffdldJanid"%d‘c‘)Wm g16-Chaith gfbr@aﬁﬁ by whekéih <&t Bp&ting
array, ectrically“pul sed dropl et deposition
apparas$ajd eteepodeimegrs.nul tiplicity of paralle
channels, nmutually spaced in an array direction nornal
to the I'ength of the channels, said channels having
MaSASRid \zsarrfﬁ,j secoraingxodibiis BX8 emer MO, Wherdinraidivbatfhg
direction of the channels, and in a direction which is
bot further samprises i ron eppdusiive€o@tipgct i on and normal to
the array direction, respective nozzl esconmuni cati ng
with said channels for ejection of droplets of Iiquid,
cienAdiid ?nrrrmac@rﬂmg toaliars tinngheéid saithnoelcontacive
source of droplet deposition |iquid and electrically
act eRMING iFdRPIPaNkcated in relation to said channels to
effect, upon selected actuation of any channel,
transverse di spl acenent generally parallel to said
ar3. Ayfludd pentp accartiingt tol @lash 7pattereih aacsatitgy iseformet anhizoth

| ect ed, ch t epdi bst |
par s1065 o4 FalLasplagRabiurL g aifesal efth Ak beids
CaugsteFhfHeDby 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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of pressure therein to effect droplet ejection from
the nozzl e comuni cating therewith and wherein

W@ o@bhiontys2 ar e applied to opposing faces of sai BCT/GB2005/002746
el ectrically actuabl e nmeans, said coatings providing a
different net stiffness for each face. 18. A nethod of

f Orc%ﬂﬁuﬁﬁaﬁﬁg%ﬂpéaiﬁ %haﬁnélg%rdejeef%h apafzfg‘%@%f liquid,

conprising t steps: providing a plezoe ric
matconnattiennpears fog canfié¢cting faid ehannkla te acamucé af droplet
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cancellrngin er ac

actfae¢oof agidasidetiigalypadiuabla rh@anyhsdi@icoatifgs providing a
di spl acenent s caused by each node are substantially

eqitfferent pehalitners fos g8AN {358 i n one actuating region
there is substantially no net displacenent caused by
actuation. 2 1. An actuator according to Caim19 or

TBaA m&bpdwiidoeningan actobicsifoea diiid pempcppEratus ddmprising
two, actuati on npdes resu|t in displacenments of.
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the two actuation nodes result in superposed
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with the sane portion of the actuator

19.An actuator comprising a body of piezoelectric material separating two
actuation regions, 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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25. An actuator according to any one of Clains 19 to

24, wherein the actuator conprises a portion of
w@r@soeiosztric material poled in a first direcP@DOB2@M02746

el ectrodes for applying a field in a second direction

parallel to said first direction, wherein said first

ID9e, %Efdagérpé’wdihg 1§ RARTH 9 oDl AHrb AT 848! Qgie of

an equal displacenent in both actuating regions, sa

di sipé actretat, hdbivagcitivhensdeeresiuirin sRfedrosadt uat or

accpording to any one of Clains 19 to 24, wherein the

actcﬁ%ﬁa?gr@gﬁ’f?r?f)s/@g SeMS $9f#G%ns of pi ezoel ectric

mat eri al arranged side by side and poled in a first

direction, one portion adjacent to a first of said
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secong %Fﬁua@ing region, and el ectrodes for applying a

fi dPAOF FCHEE¥bnd direction perpendicul ar to said

first direction, wherein said first node corresponds

to shear deformation causing said portions to nove
af oA methpdrasieprding $o blpiwgddl Wherep deeiwmeeiuptiomsiades are
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wherei n each said portion conprises two regions pol ed

I n opposite senses, and wherein said portions both

a6f e @ctyaiobaenigisiorg asenept Clatasdiénia 2irwhersifsthe
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sai shig digplacenantsi beingqlitide shreplsigrenents i n both
actuation regions, said displacenents being of

opposite sign. 29. An actuator according to any one of

SeahAtaclitatbP addordMiBibiny dhe oRCIAIRsOTO EPIM! WhERiRthe
portion of piezoelectric¢ mteri al L%pl ed in a first
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zie?t%ggipgina’rn%@%@i iﬁ %;fggtggltegcg{gﬂg oh% CpZo?‘{ign %idfasctent 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 a strain in a first direction upon actuation, wherein the neutral
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corresponds to shear deformation of said portion
causi ng an equal displacenent in both actuating
WO e@600352 sai d di spl acenents bei ng of opposit ePGT/GB2005/002746
30. An actuator according to any one of Clains 19 to
27, wherein the actuator conprises a portion of

pi esRebbsditiporion BY $ad direbBeh igomsdtifforh 1k @@fﬁwie@rib é&tre of
havi ng two adj oi ni ng regions, each region poled in an
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configuration causing equal displacenents in both
actuation regions, said displacenents being of
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corresponds to shear deformation of said portion causing an equal
displacement in both actuating regions, said displacements being of

opposite sign.

30.An actuator according to 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 to 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.
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