1 8 AUG 2006 -1 FLU D PUWPI NG & DROPLET DEPCSI TI ON APPARATUS The present
I nvention relates to fluid punping apparatus and in particular to droplet
deposition apparatus suitable for drop on demand ink jet printing. Fluid
punping and particularly mniature fluid punping apparat usj Bamfj@ iggoer of
commercially inportant applications including the dispensing of 5 drugs,
and in a particular exanple, apparatus forj-producing an aerosol. It is an
-obj ect of the present invention to seek to provide an inproved fluid
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Inkjet printers today typically use one of two actuation methods. In the
first, a heater is used to boil the ink thereby creating a bubble of sufficient size to
.. 15 eject a corresponding droplet of ink. The inks for bubble jet printers are typically
aqueous and thus a farge amount of energy is required to vapourise the ink and

create a sufficient bubble. This tends to increase the cost of the drive circuits

and also reduces the life time of the printhead.
The second actuation method uses a piezoelectric component that
20 deforms upon actuation of an electric field. This deformation causes ejection
either by a pressure increase in a chamber or through creation of an acoustic
wave in the channel. The choice of ink is significantly wider for piezoelectric
printheads as solvent, aqueous, hot melt and oil based inks are acceptable.
it is a further object of the present invention to seek to provide an
26 improved droplet deposition apparatus and an improved droplet deposition
actuator.
According to one aspect of the present invention there is provided fluid
pumping apparatus comprising chamber walls defining a liquid chamber, one_of
said chamber walls being resiliently deformable in an actuation direction; a
30 chamber outlet, and an actuator refnote from the chamber, acting in said

actuation direction upon said resiliently deformable channel wall to create



punpi ng apparatus conprising chanber walls defining a |liquid chanber, one
of said chanber walls being resiliently deformable in an actuation
direction; a 30 chanber outlet, and an actuator renote fromthe chanber,
acting in said actuation direction upon said resiliently def 8r A 2805
channel wall to create 8 AUG 2006 -2 acoustic waves in the chanmber and

t hereby cause fluid flowin the chanber oudet. In a second aspect of the
present invention there is provided droplet deposition apparatus
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§ from fluid in the channel. The deformable wall may be a common sheet between
- the actuator and a walled component.

The resiliently deformable chamber wall preferably comprises a
substantially rigid element capable of transmitting force from the actuator to fluid
in the channel and at least one flexure element. The fiexure elements constrain

10 the movement of the rigid element to the actuation direction and are preferably
stiff with respect to the liquid pressure. A parallelogram linkage to the rigid
element has been found to be particularly appropriate and where the actuator
comprises a push-rod this can act directly and indeed can be carried upon the
rigid element.

15 In a particularly suitable arrangement, the fluid chamber comprises an
elongate liquid channel having a resiliently deformable channel wall, wherein the
flexure element can extend across either the full width or over a portion of the
wall. In such an arrangement the rigid element typically extends along the length
of the channel, and actuation is in a direction orthogonal to the channel length

20 to resiliently deform an elongate channel wall in the actuation direction.

The actuator itself may be any appropriate device, however, in a
preferred embodiment of the actuator the push-rod serves as the armature in an

electromagnetic actuator arrangement and in a particularly preferred



el ongate liquid channel having a resiliently deformble channel wall,
wherein the flexure elenent can extend across either the full wdth or
over a portion of the wall. In such an arrangenent the rigid el enent
typically extends along the length of the channel, and adtgaijerlds in a
direction orthogonal to the channel length 20 to resiliently deform an

el ongate channel wall in the actuation direction. The actuator itself may
_be any appropriate device, however, in a %r'eferred enbodi ment of the
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coil of an electromagnet is disposed, the slot opening to said air gaps. The coil

15 is arranged coaxial with the actuation direction in some embodiments, or with its
axis perpendicular to the actuation direction in other embodiments.

Preferably, said modulation in distribution of a flux comprises an increase

_in flux density at a first air gap and a decrease in flux density at a second air
gap, the first and second air gap locations beir:cg spaced in the actuation

20 direction.

Advantageously, said increase in flux density at a first air gap and a
decrease in flux density at a second air gap, is achieved through constructive
and destructive interference, respectively between a switchable magnetic field
and a constant magnetic field.

25 ' It is preferred that the actuator is formed via a Micro-Electro-
Mechanical-Systéms (MEMS) technique in which a (usually) silicon wafer
undergoes repeated formation and selective removal of layers, using etching,
deposition and similar techniques originating in integrated circuit

< ‘ manufacturing techniques.
30 In a further aspect of the present invention, there is provided droplet

deposition apparatus comprising an elongate liquid channel capable of

sustaining acoustic waves travelling in the liquid along the length of the



Advant ageously, said increase in flux density at a first air gap and a
decrease in flux density at a second air gap, is achieved through
constructive and destructive interference, respectively b
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comprising a nozzle. In this situation only one liquid supply is provided in the

liquid chamber, typically located at the opposite end of the chamber to the
15 nozzle.

It has been found that certain embodiments of the present invention can
advantageously be constructed from planar componehts, which components
can then be assembled parallel to each other. Processes suitable for forming
such planar components include etching, machining and electroforming.

In another aspect of'the present invention there is provided a generally
planar component for use in fluid pumping apparatus comprising:

a first planar layer having resiliently deformable portions;

a second planar layer paraliel to said first layer having corresponding
resiliently deformable portions; and _

a plurality of actuators having an actuation direction, located between
said two layers and connected to interior surfaces of said two layers with the
direction of actuation orthogonal to the two layers;
wherein said actuators are operable to deform selected resiliently deformable

“ portions of said first and second layers in an actuation direction so as to cause a
change in pressure of a liquid in contact with the exterior of said first planar
layer.

20 The first layer is desirably continuous and impermeable, while the second



advant ageously be constructed from pl anar conmponents, which conponents can
then be assenbl ed parallel to each other. Processes suitable for formng
such pl anar components include etching, machining and electroformng. In
anot her aspect of the present invention there is provided hﬁgéﬂﬁrgmgy

pl anar conponent for use in fluid punping apparatus conprising: a first

pl anar | ayer having resiliently defornable_§prtions; a second pl anar | ayer
parallel to said first layer having corresponding resiliently deformable

portions; and a plurality. of actuators havi | s I, han,

| ocat ed bet me'@b{ep%yocqrﬂ%'qea@@r'@%ﬁﬁa 'ngpé’é‘[] @Hﬁ @%ﬁfﬁn@g{relngp ag]ﬁir'ﬁg%gg of said

two | ayers w égmtl ledi rection of actuation orthogonal to the two |ayers;
Cctua

“wherein said ors are operable to deformselected resilient I¥
def ormabl e porti otrsagieferid aangement) the ecvatorag@PBrise rigid RUSHURE.on

di ti t h [ ' ' [ t ith
- the ext eri or Whicha 1 roeopnanen erdsB S556RnBingdoile porR e 1 |
cont | nuous ;ang, J PRRLITRbhE eriidifieht's ARWRAGEMENAG AdodsSré ayer may

conpri se a nunper “of individual portions of material, and may be
per meabl e. | ncengirained by thesmcdayersgatmovenenyin thetastuatiopriiacsiany i gi d push

ds, which in turr ted bet L0g:
port ] ong of the. SACHIINE @A RGBT Rl RIS PaGaEhrt ( he
push rods are. g EPE&%QrMn? A MDUNRIRG §Pbﬂamvﬁnmﬂiisingnhébmp®mfuation

direction. According to a related aspect of the invention there is
provi ded a nfirfniny affirstqrianarasrnpenent fasudescpbeh ehevamnst MG 86F9Rd ng t he

t f form first pl . t as . i . -
2 Second  pl aRENSEGABORETY COURTFI Rgraany o ot e ehp Rt R ind oper 0f 1"
defi ni ng OPensia8l gﬁgnﬁaé@aﬁ@pmﬁ@wmdwmem défermatsie Ipostidrisyofdsidfitstibl e

portions of s rst planar conponent; and mating the tvw hpl %Qar
conmponent s suplanaheomphegntaard mating the two planar compo ents such that they are

parallel and such that the channels of the second planar component are
aligned with the resiliently deformable portions of the first planar component,
\;vhich thus form part of a resiliently deformable channel wall.

- In another aspect of the invention, there is provided fluid pumping
apparatus comprising elongate channel walls defining an elongate fluid channel,
the channel having a fluid outlet, one of said channel walls having at least one

10 distinct region movable in translation in an actuation direction orthogonal to the
length of the channel and at least one straight line actuator acting in said
actuation direction upon said region of the channel wall fo create an acoustic
wave in the channel and thereby expel fluid from said outlet.

Preferably the straight line actuator comprises an armature movable
15  bodily under electromagnetic force in a straight line in the actuation direction.
In a further aspect of the present invention, there is provided droplet
deposition apparatus comprising an elongate liquid channel bounded in part
by a resiliently deformable diaphragm; a liquid supply for the channel; an
ejection nozzle communicating with the channe!; and a push-rod which is

20 separated from the fiquid by the diaphragm, the push-rod being displaceable
in an actuation direction orthogonal to the length of the channel to deform the
diaphragm to displace liquid in the channe! and thereby cause droplet ejection

through said nozzle, wherein the push-rod is supported by at least one flexural



paral l el and such that the channels of the second pl anar conponent are
aligned with the resiliently deformable portions of the first planar
conponent, which thus formpart of a resiliently deformable ch b wal | .
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deformabl g5 rospect to the following drawings in which:

Figure 1 depicts in perspective a view from underneath a channelled

component according to one embodiment of the present invention;

20 Figure 2 depicts in sectional view a printhead according to a second

embodiment of the present invention;

Figure 3 shows in perspective under view printhead according to a further

embodiment of the present invention;

25 '

Figures 4 to 11 depict in respective sectional views steps in the

manufacture of the printhead shown in Figure 3,

Figure 12 depicts in sectional view the actuation of the printhead shown in
30 Figure 3;

Figure 13 is a flux modulation actuator in a printhead according to an



channel walls lying between and in a parallel relationship wth the first
and | o second pl anar conponents in the manufactured apparatus, with said
actuation. direction disposed orthogonal to said common pl ane _a g@:he
actuators serving to actuate the respective channels thﬂoﬁ:g@ﬁjg rmat i on

of the associated resiliently deformable channel walls. The invention wll
~now be described, by way of exanple only, wth 15 respect to the follow ng
.drawings in which: Figure 1 depicts in perspective a view from underneath a

channel | ed corrponenbﬁaﬁeﬁg%ﬁg ;}r85e9rﬂ‘?n\f'ém89j ment of the present invention;
ronal

20 Figure 2 depi ctEM View a printhead according to a second
enbodi nent of the present invention; Figure 3 shows in perspective under

~view printhead according to a further  enbodijrent of .the present i ntion;
25 1 Figures 4 tdrigurejahisan expal“@gﬁéfﬁw%{?@é@?i cdfatiAnead tPEBéFiggyfhe
manuf acture of the ' in Figure 3; Figure 12 depicts-in
18 ShOMPE IR,

"sectional viewthe the printhead shown in 30 Figure 3; Figure
13 is a flyx nodul ation actuator in a printhead according to an AUG 2006
-7 enbodi rent of the present_invention; Fi e 141 i s _an_expand i.ew of
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the actuator in u epi c ey dinensions in the arrangenent of
the bias flux 10 actuator; Figure 19 is a graph showng F, vs x for the

bias flux actuator with i =0 . . . ‘
Figure 18 depicts key dimensions in the arrangement of the bias flux

10 actuator;

Figure 19 is a graph showing F, vs x for the bias flux actuator with i=0;

Figure 20 is a graph of F, vs i for the range —kg < x < +kg;

15
Figure 21 depicts a flux modulation actuator coupled to an ejection

chamber via a push-rod spacer plate;

Figure 22 illustrates a generic planar construction of a fluid pumping

20 apparatus according to one embodiment of the invention;

Figﬁre 23 shows a view of a channelled construction for use in a fluid

pumping apparatus according to one embodiment of the invention;

25 Figure 24 shows a variable reluctance type magnetic actuator in a

printhead according to an embodiment of the present invention;

Figure 25 depicts in a similar view an alternative type variable reluctance

type magnetic actuator;

30
Figure 26 shows a Lorenz force actuator in a printhead according to an

embodiment of the present invention;



Figure 20 is a graph of F. vs i for the range -kg < x < +kg; 15 Figure 21
depicts a flux nodul ati on actuator coupled to an ejection chanber via a

push-rod spacer plate; Figure 22 illustrates a generic pl aﬁar O‘ﬁjwahﬁ#ction
of a fluid punping 20 apparatus according to one enbodi me t 8

I nvention; Figure 23 shows a view of a channelled construction for use in a
fluid punping apparatus according to one €hbodi nent of the invention; 25
Figure 24 shows a variable reluctance type magnetic actuator in a printhead
according to an enbodi nent of the present invention; Figure 25 depicts in a

simlar view an alt.ernative type variable reluctance type magnetic
actuator; 30 Fi gur’:tégﬁ'@aé gs{gm§ %@@93@@%@%{9{ Frgrgen tg pri nt head
according to an enbodi nent of the present invention; 2006 Figure 27
depicts an alternative actuator arrangenent; Figures 28 to 31 illustrate
further alternatiVvgdmazi tr 3hilluangieferiher alembtivEiagluader BPangeméntdppna t

steps in the manufacture of the actuator shown in Figure 21. One of the
benefits Jof certain aspects of the present invention is that the Ilo

printhead itself ¢ggurag 30abMRUEHQBISIITRE MaPlurdoisHe\df W hLyiRE WHAR Hr ed

conponents. The first conponent conprises the actuator el enent whilst a
second conponent Eigweidles the channel structure. OQther features may be
manuf act ured as separate conponents or may be forned as part of the

conponents above. . 15 Figure | depicts the channell ed conmponent in one
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material 1 is etched, machined or electroforned as appropriate to forma
p! ural i t yyochanintiesd itssifnent aifopyeddidns a rymiertof indifviduallyenbeufgctured t he
conponent . ngm%%n :Ql Se_%erﬁ?g{p croirr?pegne%t comprises the actuator element whilst a
second component comprises the channel structure. Other features may be
manufactured as separate components or may be formed as part of the
components above.

15 Figure 1 depicts the channelled component in one embodiment of the
invention. A sheet of silicon, ceramic or metallic material 1 is etched, machined
or electroformed as appropriate to form a plurality channels, separated by walis
2, extending the length of the component. The component comprises a
resiliently deformable wall 4 that extends part of the way along the channel. The

20 wall forms the base of the ejection chamber and is deformed by an actuator (not
shown), remote from the channel, acting on its reverse side. At either end of the
resiliently deformable wall through ports 6 are provided that act to supply
ejec:tioh fluid to the completed actuator.

A cover component 8 of a Nickel / Iron alloy, such as Nilo42, is attached

25  to the top surface of the channelled component and comprises through ports for
alignment with nozzle orifices 12 located in a nozzle plate 10.

The width W, Height H,, and Length L of the ejection chamber have
dimensions that satisfy the conditions W, H, << L_. The acoustic length L, being
determined from the operating frequency and the speed of sound in the

30 chamber and is typically of the order 2mm. The nozzle is positioned mid-way
along the chamber and each end of the chamber opens into the manifold

formed by the through ports 6.



resiliently deformable wall 4 that extends part of the way along the
channel. The 20 wall forns the base of the ejection chanber and is

def ornmed by an actuator (not shown), renote fromthe chgnnel. acting on
its reverse side. At either end of the resiliently defoﬁn&tﬂ% V8BSt hrough
ports 6 are provided that act to supply ejection fluid to the conpl eted
actuator. A cover conponent 8 of a N ckel /glron alloy, such as Nilo42, is
attached 25 to the top surface of the channell ed conponent and conpri ses

t hrough ports for Wa%{i}grrég?@hp%%ahnﬁ@%@aﬂ Etbsﬁ%uﬁﬁyﬁg%%&ﬁ&n@o@@;zl e

pl ate 10. The w dt Leng e] ect1 on chanber have

di mensi ons thap ﬁﬁ?tﬁéﬁah@@néﬁt@n&@ﬂ&:h\/}hat ik car continuBly eooitestated | engt h L,
~being determned fromthe operating fregquency and hhe sgeed (?f sgﬁn& in
the 30 chanbetiraugh the eiamier pye of therBapifalids resmndTiRe eX625% 8Nd SNYEFY i oned -
m d-way al Onfﬁsg't he c?ggpfﬁr and each end of the chanber opens into the
“manifold for gt%ﬁ” Hrough ports 6. 18 AUG 2006 -9 In operation, the

mani f ol ds %Can ei t hehe loplch BRI Yhd Elkarbisertdrevidbamtepoustic bobredary sty
arrangenent can be such that ink can continually ci rcul at ea t hrough t he
chanber, one mdgativelynefieeidhaaceustis wayas infae ék!é'&ei eIPFREEVER| uid to

a reservoir. 5 The o en 0 | n hi8s Aaigpdary
that negati V&MY eF Egﬂ}e Q%}Eea%%%gﬁfsc%%%i eﬁlﬁ%{%’gﬁ\cﬁéﬂﬁi ) ﬁzlt?llgge. refl ected
waves convergg .k 1de diedzsactiondl arad sathdespeatito #ieesize of theTechennet ineorder

mani f ol ds must™ have a | arge cross-sectional area with respect to the size
of the channeb dahieneian app®psata kAMNARRY.appr opri at e boundary. 10 The

resiliently def ormphl g upl by heROMALICHSI 2 cliRRbbY dfediydr iicktly at tached

- actuator &ement. or ele I's positioned on"the opposite side

of the resiligpidheddritestorbleenom) The actustér dlamientistpusitionedion thadppesiaus
| ocated renote fromthe ejection chanber. The act #st or anes | nhl?S strai ght
line to caussidebétheefesilieatly defpameblegvalbio tbat faging §a0zARATH BAY s pect to

the directi oM cated remote from the ejection chamber. The actuator moves in a straight line
to cause the deformable wall to deflect orthogonally with respect to the direction
15 of chamber length to generaté the acoustic waves. The initial direction of
movement can be either towards or away from the nozzle.

By repeatedly actuating the deformable wall in quick succession it
becomes possible to eject a number of droplets in a singie ejection train. These
droplets can combine either in flight or on the paper to form printed dots of

20 different sizes depending on the number of droplets ejected.

In Figure 2, a more complex silicon floor plate 20 is used to transmit the
force of the actuator element 22 to the ejection chamber 24 rather than the
simple flat diaphragm 4 of Figure 1. The plate 20 is formed from two etched
silicon wafers bonded together by adhesive or other standard silicon rwafer

25 bonding methods and performs two functions. In the first instance it needs to
support the actuator and provides a restoring force to bring the actuator back to
its steady state rest position as well as to prevent bending forces and moments
on the plate from being transmitted to the actuator. |

In the second instance the fioor plate must be sufficiently stiff so that the

30 volumetric compliance due to changes in ink pressure is low otherwise the
acoustic velocity in the ink will be adversely affected.

The floor plate can be seen as effectively forming a parallelogram linkage



15 of chanber length to generate the acoustic waves. The initial direction
of novenent can be either towards or away fromthe nozzle. By repeatedly
actuating the deformable wall in quick succession it becggsm@(r)z 'ﬁbl eto
ej ect a nunber of droplets in a single ejection train. Th @ets can
conbine either in flight or on the paper to formprinted dots of 20
different sizes depending on the nunber of-4gdr-oplets ejected. In Figure 2, a
nore conplex silicon floor plate 20 is used to transmt the force of the

t uat | 2 ' ' i i t IS flat
actuator e eg@ﬂfp‘r%?né feklle hbrRBhts 2B wuhfsm?éct&é d adib elerhdia2 1t e astuatre fla

di aphragm 4 gure 1. The plate 20 ormed fromtwo etched silicon
waf er s bondedctingelineetly optcettieaigid/elegrentt her st andard silicon wafer 25

bondi t hod f t f ti . Lnth i rst. inst i d
Do toport the acthmbsriolass ghahetelis.ol Bach ahions Biels blfets? BeRiEringe FOCS
act uator_back L fer ifohaiSkRfatd B FigiRsp1POSi tion as vel | as to prevent

bendi ng forcés and nonents “on the gll:_ate frombeing transmtted to the
actuator. g n the Sabisidin thetexaople beFigureo?, the doer plata issensigerediodh By stiff

so that the 30 volunetric conpliance due to.chan L0 iLn sure is | ow
ot herwi se t héepaigHFte. 15 %%‘f%ij/ aoasngwgoﬁﬂr _ %qsﬁpa&@gf&hgézbgﬁp@@ff ected. The
floor plate samAdhehtas vippedbssiaeuiierefene @ Mgaddel ogram | i nkage 8
“AUG 2006 _10 conprising flexure elenments 26 with respect to a rigid

el enent 21, the adtheachannelcaiers tié nadersideoeittbe chmpongraesesieii Figyre3

usef ul ness and benefits.cif such a floor plate will later be described in
greater det aPNAAERAYERS to Figure 21. 5 Wiilst, in the exanple of Figure

2, the flaor plat g jh-HRBIEREITHA PRedtal\PRARKRS fodt 31 6f thetejéctiopqual | y
possible to formit as part of the channelled conponent as will be

descri bed wi chambicerAbase plateidgus ettacherthie throemnoneat such thehit extrNgdssi de of

formed | nt egPubl e nepriao S A2 REF 0Bl HRuEh3kts Snathe BsRss@cs =0 are
chamber 36. This base plate is flexible, thus providing a flexible linkage for the
end of the push-rod remote from the ejection chamber.

15 The manufacture of the channelled component of Figure 3 is preferably
achieved by a mixture of wet etching and deep reactive ion etching (DRIE). A
silicon plate is provided and, as shown in Figure 4, is etched from one surface
using DRIE to form the ejection chambers 24 and walls dividing the ejection
chambers 33. |

20 At a predetermined depth etching is halted and an etch stop layer 34 of
silicon dioxide and / or silicon nitride is deposited over the surface of the ejection
chamber as depicted in Figure 5. From the opposite side, by DRIE, the pusher
rod 30 énd dividing walls 31 are formed with the etchant re_moving silicon to the
previously formed SiO,and / or SiN layer 34. Because this layer is not removed

25 a thin flexible membrane, as in'Figure 8, remains to separate the ejection
chamber from the pusher rod chamber 36.

In Figure 7, a second silicon plate 33 is bonded to the side of the first
plate comprising the pusher rod chamber 36. This second plate has a two layer
coating, namely SiO, 35 overlaid with a coating of SiN 37, with the SiN

30 preferably extehding over a greater area of the second plate than the SiO,. The
second silicon plate 33 is a sacrificial layer that is subsequently removed by wet
etching to leave a flexible membrane of SiN and SiO, as depicted in Figure 8.



chanber. A base plate 38 is attached to the conponent such that it extends
over the upstanding walls 32 and isolates the push-rods and the push-rod
chanber 36. This base plate is flexible, thus providing anileﬁuggﬁm&inkage
for the end of the push-rod renote fromthe ejection cha 3r. e

~ manufacture of the channell ed conponent of Figure 3 is preferably achieved
by a m xture of wet etching and deep reactjyge.ion etching (DRIE). A
silicon plate is provided and, as shown in Figure 4, is etched from one

surface using DRI E_t.oformd ' ' : H Sdtorediong t he
ej ection . charrbersE§:‘Jf;3 Ffé@ngm\tg,Qﬁg&%ﬁéﬂéﬁ%lﬁ%@%%@ﬁ%gﬁ hi F\dg@l s halted s?md an
etch stop | aygsn §brPbe fermddconttd Siki stel ity membrase lustngiMEMS fabeicaton

~deposi ted over thesurface of the _ej}fgct i on _ chanber as gae@gv.&t‘ ed in . Figure 5.
From t he oppotechaigsiese, (Thip moeeess is irterfpasaped ingrester eVl HSRECWRI I's 31
are formed with the t [ L L : ' that
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chanmber 36. Thi nd,.al Tjg%%t 12 35
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over a greate ahoby WaeehenNth phar ep tHesupphe So02 and ladows VYilicon
plate 33 is aﬁgeg%r?i f%)(_:ilf al ?ayg’rgj thg? igppgjbse%a%\%%.remﬁd by wet

et ching to | ealopgdhe [eisatipn hagWEF.dhEOH PHIR S S9HEDT tted in Figure 8.
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fabrication jrReRRhABES is(Bhindeporomsssiie bydhe resiEntlyideformablgehenngl det ai |
wWth respect to Figures 32 to 40.)

orS 02 | ayer twal 34, 8@%?'@@@@ &1H@rmw£q§%fw'ﬁ“§%%§%§§?%§§&} Og&g&gﬁq\f@a%%\?er& [o\llnd
rorbr anes 34 R RRIAR e Eh AR fals 30T 0L P roved.  These
are renoved, The pusher-rod 30 is positioned in a chamber located between the
15 resiliently deformable wall and the resiliently deformable base piate 35,37. An
actuator is positioned such that an armature 39 acts on the opposite side of the
resiliently deformable base plate to the pusher rod. '
As the actuator acts on the pusher-rod, both the resiliently deformable
floor plate and the resiliently deformable base plate are deformed. In certain
20 circumstances it is desirable that the stiffness of the two resiliently deformable
plates is chosen to be different. However, it is equally sufficient that the two
resiliently deformable plates are of the same stiffness.
It has also been depicted that thé walls 33 bounding the ejection
chambers 24 and the walls 35 bounding the pusher-rod 36 chamber are of
25  equal thickness. However, according to particular resiliency of the deformable
walls it is sometimes desirable to alter the thicknesses of the walls 33, 35 such
that one is thicker than the other.
The actuator, which may include the resiliently deformable base plate, is
preferably attached as a plate structure. A preferred method of construction is
30 described later with respect to Figures 32 to 40.
As mentioned earlier, the actuator is formed distinct from the channelied

component and therefore a number of different types of actuator are appropriate



preferably by wet etching, to open up the supply ports and allow ink to
flow along the ejection chanber. A cover plate is added in Figure 11. 10
Figure 12 shows the cross sectional view across |ine A-A of §FAGGr20B. The

i nk channel 24 is bounded on one side by the resiliently deformbl e channel
wal | 34, a nozzle plate 31 formng the wall opposed the resiliently
deformabl e channel wall and two rigid non-t¢eformable walls 33. The
pusher-rod 30 is positioned in . a chanber |ocated between the 15 resiliently

def or mabl e wajor uaBadvitheher stsoviel dasichied efiammaibl eobmaacnl. The pR&sAT invantion
actuator is positioned such that an armature 39 acts on the opposite side
of the resilisdncertaln enbpdiamnts Baa@UBrFatC@n@an?%Ml%@@féwmmeﬂﬁ@qqﬁm
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actuator is formed distinct fromthe channelled conponent S%g therefore a
number of di f f er enthq SeEIQsCORRANENG FORTIES S A RSHMPRER! megneivrthal #18S 1 or yse
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and wi th new gimpsistaforglletetoontaigs atraltidemuaiciatiorpeail 88.akHiy codfeact ur ed by

2 excited with a DC current, generates a constant axial force F on the shaped -

15 armature 98. Beneficially, the magnitude of the force F is directly proportional to
the magnitude of the current i.

Figures 14 to 17 depict the actuating principle of the actuator. Figure 14
shows the path of the field lines from the permanent magnet. As shown in
Figure 15, when no current is flowing through the coil the field strengths 120a,

20 120b are similar at both pole faces of the slotted stator 94. This is achieved By
making the armature pole face ‘ab’ shorter than the stator pole face ‘cd’.

When a DC current is passed through the coil the flux lines and field

strength are distorted as depicted in Figure 16. Using the equation:
25 W= J‘ B2/ udV

where W is the tota! energy of the system, B is the flux density in the air gap, p,
is the magnetic permeability of free space and V is airgap volume, it can be
seen that, because B is squared, the total energy in the system is greater in
30 Figure 16 than in Figure 15.
By the principle of least action, the system attempts to revert to the



MEMS technique. 5 The preferred nmagnetic actuator is described with respect
to Figure 13. This actuator can be defined as a slotted stator actuator
that is deflected by nodulating the air gap nmagnetic bias flgﬁ fi bd
distribution. The actuator armature 98 nopves in the direc@i@o %f @ row F
and pushes agai nst a di aphragm 100 to induce a pressure disturbance, and
hence an acoustic wave, in the ink o wthgn the ink chanber 102. The
_actuator conponent consists of a permanent nagnet 92 that lies between a

sl otted stat
slotted stat
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_this range. A clearly defined shoulder 91 serves to define the air gap spacing g

and the air gap volume v. The air gap between the flux actuator and the flux

actuator plate 90 is also important, hence the overhang 93. This air gap is also

of the order g.

Typical dimensions are:
Xs = Xg
Xs =t+ 2kg
y>2g
Xy 2 V2 + kg

where k will typically lie in the range 1 to 3.

It is important that the shape of the armature and the geometry of the
air gap are such that the armature has a minimum energy position on
excitation of the coil and that this minimum energy position is displaced in the
actuation direction from the rest position. This is achieved in the described
arrangement essentially through shoulder 91. A wide variety of other

orientations are of course possible..
| One advantage that the slotted stator or bias field magnetic actuator has



By reversing the current, it is possible to deflect the armature in the
opposite direction thus pushing the di aphragm and decreasi ng the vol une of

5 the ejection chanber. | The di nensions of the actuator afg guEEﬂﬁioned
with regard to the air- gap g and the required travel t ast®h BFigure
18. In this arrangenent, the travel t of the armature defines the height of
the stator pole faces x., X6. Preferably, the distance x, is a half of x.
as this lo serves to provide an equal |inear novenent in both of t he
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IS aIsowrportant ence the n air gap is also of the
order g. Typi'8df'"P Q'i'tﬂ% rgﬂgcedﬁ'@efoé gd%é trﬁf(’?h =t +2kg y > 2g X32: t/2 +
kg where k will tyReeshd udlamabdid et frRNEehaturendss is2hinlrhised compairéds

t hat the shape of the armature and the geonetry of the air gap are such

that the ar mehalerérsiccertypesubinimising theosmater roass ©sults it mexngsingride coi |
and that this mn ener itio di in the actuation
direction frcﬂﬁecrﬂgépr?agzrteq%g%‘f {j)Ptﬁe dfﬂ'iglg é‘cs'p%@ﬁlln:@eggc% n the described 30
arrangenent essentAdldritaddyueig WHeRcidragared With/s Wartkbly pdliSthlic® oials the
-orientations are of course possible. e advantage that the slotted stator

or bias fiel doraegtevelepeskis substantially lineadp depeadention current regardiess of the
10 polarity of the current. With variable reluctance type actuators, the force is a

function of the air gap and is therefore very sensitive to manufacturing
tolerances. This requirement for high tolerance is reduced in the flux modulation
actuator.

Looking in greater detail atthe armature force, it has been found that the

15 armature force F, can be plotted as a function of the armature position. The
graph for the situation where no current is flowing in the coil is given in
Figure 19.

It has been noted that there is a dead band lying approximately in the
range —kg < x < +kg where the armature force F, is close to zero. A field from

20 the permanent magnet is, however, continually present but force is only applied
1o the armature when a current is applied to the coil. When a non zero coil
current i is applied to the excitation coil, the magnetic field in the air gap ‘ab’ is
distorted with the field in the slot remaining relatively weak. This field distortion
generates a force on the armature.

25 | In the case where the flux density in the air gap due to the permanent
magnet is B, the coil length L and the coil has N turns, the flux linkages with the
coil is 2BAxLN when the armature moves upwards by a distance Ax in time At.

" By the conservation of energy and the principle virtual work, the force F
acting on the armature is given by

30
FAX = (2BAXLN / At)iAt



over the Lorentz forns of nmagnetic actuator is that the force acting on the
coils is weak. The coils thenselves are forned as nmultiple coils in

multiple layers and the limted size of the actuators maﬁ %ﬂ’\t ﬁ@c
susceptible to damage. Thus, it is inportant to reduce t f é ting on

them 5.A second advantage is that the armature mass is mnimsed conpared
to the Lorenz force types. Mnimsing the [@rmture mass results in

_maxim sing the operational frequency of the dropl et deposition device.
“Advant ageously, when . co rgg with a variable reluctance actuator, the
force devel oped i S thalaRe NI‘y | i nearly dependent on current regardl ess
of the |o polarity of the current. Wth variable reluctance type
~actuators, the force is a function of the air gap and is therefaore very
sensitive to manufBie forcagf theadouaocpletted b @ fruee @ &fipa col §Hfrwtdﬁ9tV@Per ance
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with the coi when the armature noves upwards, by a, di gtance Ax
in tinme At. Bymdheedsfised oalyiabeneoiiengpelyia t*ﬂ%éh%“ﬂ@d[ﬂ@qﬂ‘rm al work,

the force F %%Sor}m%n?s & ALY Re bRAH #EL 1O within the stator any

rotational and bending forces will be transmitted to the armature. This will have

16 a bearing on the air gap and thus the flux density within the air gap. The push-
rod component serves to prevent this error.

The actuator plate component can be formed through the repeated
formation and selective removal of layers. Appropriate techniques include those
known as MEMS fabrication techniques.

20 Figure 22 illustrates an embodiment of a planar construction of a fluid
pumping apparatus. A first planar layer 302 is arranged parallel to a second
planar layer 304. An actuator layer separates the two layers 302 & 304, and
maintains structural integrity between them. Located in the actuator layer
between layers 302 & 304 is an actuator assembly 306 and a push rod 308,

o5  which in this case serves as the armature for actuator assembly 306. The push
rod is attached to layers 302 and 304 and is thereby constrained to move in an
actuation direction 314. The layered construction described so far with respect
to Figure 22 is supported on substrate 310 to form a planar component
generally designated by numeral 311 Substrate 310 includes a hollow 312 to

20 allow free movement of push rod 308 in the actuation direction (indicated by
arrow 314. In order that this motion may occur it can be seen that portions 303

of layer 302 are resiliently deformable. Corresponding portions 305 of Iayer 304



FAX = (2BAXLN At)i At 18 AUG 2006 -15 So that F = 2BLNi The force of the
actuator plotted as a function of the coil current is given in Figure 20.
The linear nature of the force nmakes this type of actuator gf%bbyaﬁg
controllable sinply by varying the current through the coiﬁ 4 g 21
depicts the bias flux actuator attached to an ejection chanber through a
pre-described push-rod plate. As nentioned-&flier it is a requirenent
that the push-rod plate does not transmt rotational and bending forces

fromthe flogfe Skolrbsili@itgHdiSaIaIes showh eFte22 & a whlled Gotiponbhas
field actuator, the air gap spaci n? I's inportant in deflnlﬂg t he
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the armature_.is fixe at .one, poin or
push-r od conﬁBH@W‘?ﬁggﬁ%mﬁéﬂ% 05 Pha%%ggﬁg&fé@étap g Iﬁg\a/dgﬁ\%h%ﬁ%n t he
stator any  rpbais Prmb 32001t BR Be@ehGrdiR Figiré R2liRattwalkenddrigshdnt dBean
armature. This wll have 15 a bearing on the air gap and thus the fl ux

density w &hi be matediwithgianartiesn 31 & do &srmpa fleiBtPUseRIDg @PParat¥ VAN 2 hi s

error. The actuator plate co nent n, he ' d
formation andp‘é@PE@t5%@@%&&’809%@%&@03&%%%” gﬁ@@@?ﬂ%ﬁ@???@ ude
those known @go iHaREECT 9. TharPeNB g wes: be2Supplied vath2Alid flows afiaides an.
enbodi ment of a pfanar construction of a fluid punping apparatus. A first

pl anar | ayer 8g®ply fhaishawgdd parallel to a second planar |ayer 304. An

e o al o cor PR A bie i alrhRad ALRL e taflrntos, ARftn SRcfifatitd to

structural integri n t'he "act uat or rbet ween

| ayers 3020 & @Pdghninemavdriantasy tesrixibly pdRidns303a305 natiodingQes a25 whi ch
in this case ser%es as the armature for actuator assenbly 306. The push

rod is attachparatielopeaye finkagsz isasibjaB o anceledramagnalip f‘é@ﬁs‘irp_ﬁidﬁgdfolro move in
Fespect o reamaesy the el M EB e A ¢ S0 o Torm a planar
conponent Figure 23 is a view of a channelled construction forming part of a fiuid
pumping apparatus. A first planar component 352 comprises a first resiliently
15 deformable layer 354; a second resiliently deformable layer 358; and an
actuator arrangement 360. Actuator arrangement 360 includes a number of
armatures 362 bonded to and carried between the layers 354 and 358. The
regions 356 of the layer 354 overlying the armature 352 will remain stiff, and —
on actuation — will move in translation as shown on the right hand side of the
20 figure in an actuation direction perpendicular to the plane of layer 354.
A second component 364 having channel walls 366 defining a channel
370, is arranged to be mated with component 352. In this way, the first layer 354
forms bne of the channel walls of channel 370. It can be seen that channel 370
may comprise a number of regions 356 which may be acted upon by actuator
25 arrangement 360 vié armatures 362. Each armature may act upon one or more
regions 356 of layer 354, and may be individually addressable. In this way a
fluctuating pressure distribution may be produced in channel 370. In one
embodiment it may be desirable to set up a peristaltic wave in channel 370
through sequential operation of armatures 362. In Figure 23 the armatures are
30 operated by a single multiply addressable actuator assembly 360, however a
number or discrete actuators could also be employed in a similar fashion.
Regions 356 may be arranged in a wide variety of pattemg with respect



general ly designated by nuneral 311 Substrate 310 includes a hollow 312 to
30 allow free novenent of push rod 308 in the actuation direction
(indicated by arrow 314. In order that this notion may occur it can be
seen that portions 303 of layer 302 are resiliently defodnhAUS. 2006
Correspondi ng portions 305 of |layer 304 8 AUG 2006 are also resiliently
deformabl e. Also shown in Figure 22 is a wal7l.ed conponent 316 defining an
_open channel generally designated by nuneral 318. Conponent 316 further

i ncludes a ctlgirégl%hn ggbgﬂgiﬁ re A HRAS iPHARNING RwsTHTEIdRyale Adgiord20. 1t can

be seen from ure I'l"'ed conponent 316 can 5 be mated with
pl anar conpongpbngédl paraletortie bhothaf thewharpedmperahle by changateapiairety

-apparatus can be operated to cause a flow of fluid.fromcha
through sai d-wunlr@tthﬁlgng@ﬁﬁmpowﬁs-ﬁgﬁ‘%?é’i"sre}ﬂmqvé!@ g ﬂeﬂﬁr}gﬁgh’ TRl

fluid supply - RIBNbrovitReded S&ids e 308,
"which is congF&g’%%ééh%Wélfeghgtg\%aé}éﬁg% |.ér?]gt%$gﬂngnt b?/r_t he fl exible portions
3:)3, t 305 fyntcé;d', itegregions “"3"‘?"“‘? elbngation di:irawhag@ﬁ:ﬂ@dgmb?ré@tth@ ghannel _
el ectromagnetic force provided, for exa [ i gure
13. Figure 23engthathe 8G1eY eﬂeeq#aaﬁbns&ﬁe% Pﬁ%ﬁei%}%”ﬁg{’ ﬁ“ﬁggggé?é?%? a
fluid punpin r | + S, conprises a first
resiliently M@?(‘#h@?gﬁFaéyléélhg%&qgéssgg%ﬁgp?{gs? liently defornable |ayer

358; and an act uatAtheugreadexemduBsion asttaler s beernderanbet wS6OPIERT Hes a
nunber of armatures 362 bonded to and carried, betwee and
358. The regﬂ@ﬁ@etﬁﬁcwtqrh@sm%@geé@ € ‘?-394 @]aﬁa r{\.ﬁ@begroﬁg@@rre @gée%éﬁ
remain stjff, i ' jo\/bd IFP¥ShjliRctionawith &id presast isbevionon t he
ri ght han sirﬂg&g?t'(i ﬁgt“%&';‘bﬁg% fl’e‘fr!‘]lek a(I:t uat]i on directi oﬁr@per pendi cular to
the plane of | ayerFighfe 2Adspictna maghptineciuals ppeEatinggReIs#Re to Yaliale 366

thi s way. thaeriercs Wie. SGChTRIEe sRavonent & A Al Tyt o
anich - be ST ACUpan T St gt Of 155 Bl angeren. 360-vi a armt ures 363,
Each arnat ure nay Awtarmpbme dheisdormest som an electroformed, soft magnetic materia
15 such as Nickel/lron or a Nicke!/Iron/Cobolt Alloy. The armature is designed to
provide an elenﬁent of spring to aid deformation and recoil.
An electroformed stator component 48 of a soft magnetic material is
provided with a copper coil 50 encircling the stator core 52. In operation, a DC
Current is passed through the coil to generate a magnetic field that attracts the
20 armature. The volume of the ink channel is thus increased in order to initiate an
acoustic wave. At an appropriate timing, equal to %L fc, (where L.is the effective
channel length and ¢ is the speed of sound in the ink) the current is removed to
allow the armature to recoil. The recoil reinforces the reflected acoustic wave in
the channel and causes a droplet to be ejected from the nozzie 44.
25 An alternative form of variable reluctance type actuator is depicted in
Figure 25. The spring element 56 is formed as a diaphragm of etched silicon or
some other other non-magnetic material. A stator 58 forms a central area
through which a portion 64 of the armature 62 extends in order to be in contact
. with the diaphragm. A coil 60 is provided within the stator adjacent to a portion
30 of the armature 62 having a large surface area.
Upon actuation, the armature is attracted towards the stator and thus

deflects the diaphragm into the channel and causes droplet ejection from the



regions 356 of layer 354, and may be individually addressable. In this way
a fluctuating pressure distribution nay be produced in channel 370. In one
enbodi ment it nay be desirable to set up a peristaltic wave in channel 370
t hrough sequential operation of armatures 362. In Figure 23 & #dGagdst ur es
are 30 operated by a single multiply addressabl e actuator assenbly 360,
however a nunber or discrete actuators couhgl.also be enployed in a simlar
fashion. Regions 356 may be arranged in a wde variety of patterns with
respect 8 AUG %gg? -17 to channel 370. In Figure 23, there is shown two
rows of eIongQ egions (arranged parallel to the |l ength of the channel)

oper abl e by el ongaFggureas, degists driactuaigr chgatle of teflefting usingos tormemsz  and
each row having two separately operable regions. .In an alternpative
arrangenent t fee. Aichapneledgampaneat i f@é‘f‘ﬁ@§5@S§r'@%%ﬁ?@ﬁ%@eﬁgu?@(/| ng
an el ongation I es
ext endi ng al oﬁ%@ﬁ@ghgﬂég@ﬁﬁ%ﬂghégbﬁlgaﬁégf)%gﬂrt er ‘Jil)tct)asdsnl%gIq%I‘t égﬁg %I?ﬁj; of

regions arg i gfiteradtuatortfigteseiip forafed With el mimiser ollholeeubioughfwhieh @odul at i on
actuator has been described as a preferred nmagnetic ?t uator, i houl d be

under st ood t haoveahlenyeratere diuckee éhPostphed sitiona ¢Rll %@laétaéb?éé‘? coul d
be enpl oyed i Qﬁé’%ﬁ%g@gt ) mtéﬂﬁail\zgemb%ﬁﬁﬂént'tBYﬁé‘hbﬁé} )Qifrtﬁe %fcl"%%p' cts a

magneti c actu accor to vari able ance orce

channel | ed cog’p@ﬂeplatélaet\mm theprdte aﬁd the eidphiragd 169, descrl bed with
reference to Figures | to 3 above. An armature 46, is forped fram 2&3
el ectrof ormed, sof fheaaeMable atmRatrg siructyme canssisef W%'?Z'@Y@"lcr%e'&?'o%s ckel /]

ron/ CObO' ”Jéfyodﬂéré‘ﬁ rﬁ@ﬁ;‘éﬁ%nip\rﬁagﬁec etu‘Pnd Qﬁbﬂﬁoﬁ ngb&@ﬁ%rogfghsm' ng

to aid de %r r'ecol formed stator conponent
soft magnet i cthesdraiuiled défineddsyoteded am'dtlh Jcan@td)tmthe diaphrag 0% iThel dutgr t he

Gener at o a. moGHERFIen AT AU NG etk 4 RehedeR A Up CICTRESIING of t he
b ohel e | noPRUSABREES sl PN DA Liac fadtye peprsion eI o
field according to the Lorentz force equation and has the effect of moving the
15 middle extension to deflect the diaphragm. This deflection results in ejection of a
droplet from the nozzle.
Whilst all the previous bias flux actuators have been depicted using only
a single coil layer it is possible to use two layers of coils as shown in Figure 27.
The flux from the magnet is the same whether there is one coil or two. However,
20 the force generated by the armature can be increased by addihg a second bias
field from the second coil positioned on the opposite side of the magnet o the
first coil.
Further preferred actuator embodiments are shown in Figures 28 to 31.
Figure 28 illustrates a further alternative actuator arrangement. An
25 armature is provided comprisi.ng a central magnetic portion 1504 and two non
magnetic rigid portions 1506. The armature is constrained to move in the
(genefally vertical as viewed in Figure 28) actuation direction at one end by a
first planar layer 1508, and at the other end by a second layer 1510. The
actuator arrangement includes a supporting substrate 1512. A permanent
30 magnet 1514 is located beneath the substrate with polarity as indicated in the
Figure. A magnetic yoke is provided to channel fiux from magnet 1514, through
magnetic portion 1504 of the armature, and back to the opposite pole of magnet



channel length and c is the speed of sound in the ink) the current is
renoved to allow the armature to recoil. The recoil reinforce -ﬁ@g
refl.ected acoustic wave in the channel and causes a droplét Ug ej ected
fromthe nozzle 44. 25 An alternative formof variable reluctance type
actuator is depicted in Figure 25. The spring elenent 56 is fornmed as a
di aphragm of etched silicon or sone other.gt-her non-magnetic material. A
Stator 58 forns a central area through which a portion 64 of the armature

02 extends |1 L% e Peqibh §QHE%at%F thd DskelipApRding MuxAEeid afifatite

provi ded with he sta acent to a portion 30 o e armature 62
, having a | ar geyprides evanesgnetip portios udiBand 1548, sepataiedmagnaticaliydp die

t ds the stat d thus deflects the diapht intq th .and
causes dr opl coiepen FERCHI AT B0 A ssE e o gt g PRSI RS .,
. actuator capa,?%rg r;g.% %.zﬁg&e@ bé‘%(egﬁ%gbﬁaﬁﬁehpﬁ%ghét 1604.08- thid WARRNEIN el seen

conponent is escri ler and the actuator conponent is
formed as g spRarAtperoeEmeahanagreid Aot i lestelished . whisheirchibe sgian ptdhe

actuator plate 74 is fornmed with a nunber,of hal thr h 14C :

moveabl e ar mearmasurg, ig Spiged into %gl@&_ta lally B?riagﬁgﬁv B%tﬁg,gs&av\({ég %a?ta{gﬁ}é%l to
the underside | Bire; ' ahadideal ghps B0 ERET5Z ashceat tb he
etched sili c%%&%tfoari g‘rgée}{@égﬁégﬁgb%ﬁgﬁe anl(Jj thegd?aphragm 100. %e novabl e
armat ure st r ypkWreatomns bsthanokl componerd 1624 isalsesbpvis 76, 1o 77 joined by

84. T i ddl 1S op i |
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Appl i cat i urrent to the coil interacts with the permanent magnetic
fiel d accorditng flux tfiven Ltbe epermanent enagneat(sbowangplish inghpassese iroegh dBGi ng

I e ecti on Gt SHPEENFABN AeSOB-MECtan, PorPaiCIRE o 168 SbchgT A ©
flux actuat org haye, EEBadaRiCARSy US52P Fdling 2%Palsbrtiowsaniditatiary ecils 15505
possible to use two tayers of coils as shown in Figure 27.
and the flux produced from said coils (shown broken line). It can be seen that_
15 this secondary flux reinforces the primary flux at flux carrying air gaps 1554 and
1556, and that it acts to reduce primary flux density at air gaps 1558 and 1560.
- Although the flux passing through the armature remains substantially constant,
an unbalanced acts on the armature in the direction of actuation. In Figure 29
| the secondary flux has been shown forming a continuous path around both sets
20 of coil windings 1550. Secondary flux may however also be considered to form
| “a closed circuit around a single set of windings as shown in Figure 31. This does
ﬁot alter the principle of flux modulation providing a force in the actuation
direction. -
The embodiments of Figures 28 and 29 can advantageously be used as
o5 the basis for an actuator having multiple armatures with multiple fiux carrying air
gaps. '
Figures 30 and 31 illustrate stilt further alternative actuator arrangements.
Figure 30 shows an actuator arrangement with two armatures 1602 and 1604,
2 each armature having two magnetic portions 1608, and a plurality of non
30 magnetic, supporting portions. A single primary magnet 1608 provides a primary
flux (shown solid line) in two flux paths separated in the actuation direction, for
each of the magnetic armature portions 1606 of the two armatures. Excitation



The flux fromthe magnet is the sanme whether there is one coil or two.
However, 20 the force generated by the armature can be increased by addi ng
a second bias field fromthe second coil positioned on thg apmsmnﬁesi de
of the magnet to the first coil. Further preferred actuatoer 0 nts
are shown in Figures 28 to 31. Figure 28 illustrates a further alternative
actuator arrangenent. An 25 armature is prgyvi ded conprising a central
magnetic portion 1504 and two non nmagnetic rigid portions 1506. The

armature is c€6]f§t Ma{pe s OP,!Emb%di for Rich ggﬁﬁﬁgﬁi,:c ¥rr.’dﬁgédi GAith 2fheV b6ieakis N

Fi gure 28) actuation direction at one en i rst”planar |ayer 1508,
and at the ot pempeaditutsr te the amiubtioaydireclision thisewaptheisecondary dnydakown -

i ncl udes a supporting . .substrate 1512. per manent 30 magnet, 1514 is Located
beneat h the sBISkeRANE)or Hea(g& %[m%tyfeaééﬁﬁai eiiewe; 7 fancek i BiMAY ARt i
yoke is provi h ; SO e QlRce BBEHIESH @ach
portion 1504 %?B?Etg’ég ﬁg?ﬁrr%g,dogﬁgwbac to ,;e %ﬂsg%)g%rg?l?g pol ee of na ne?cw
AUG 2006 §51mhaghatic porticygiobra giverhermaatoset i éhe tactuafioredipeationdiiiglst |hoth t o
the armature conprises,t magneti c portions 1516 . and .1518, .se

magnet i cal |y #atHes In-thea SR & B%rmar}g MFgngt RIgY 'ngr‘?%mﬂ&mﬁ{' %ﬁg
provided to rglithoh lbifs Rg%%cnoam{dt&@ hBE bRTIABEpErRIAAE SclRtEE IaTBNS eaBRINEt
1514. In thisTway It can be seen 5 that a permanent nmagnetic flux is

est abl i shed wrnediure ot he segaratelpfopdrablearAlttiangd, Figurdi 30 debowsitibet fwo
substantially parallel .flux gat hs sgace apar t ir] Eé]e actuation t '
di rection. TrRa@ators,BCiag D Serarale CRRRNG ey SeHid ﬁ%’ﬁﬁeaﬂﬂeé%(?n?ntge t he
armat ure. Cg‘l‘}q‘ﬁél [ I i hO&f BhZiPhéleBbérating i
substant i 4 |y e%?gﬁtagﬂggpgg%%ﬁgﬁ?gﬁgﬁe‘lﬁeqﬁtiﬁggé?ﬁn@ho Fi gure 28pbut n%()'Cv
i | lustrates lurisen of infa peristaltic onnthse cooperativamanmerhi s arrangement t he

flux fromthe permanent net, (shown . ,solid,lin S .
armat ure subst ant ir%gﬂ? Cﬁﬂﬁlﬁs@gtﬁé@ev%”qngetqnotpg %ﬁﬁ%‘@ﬁﬁ‘iﬁf gwu?éojgp htn&e 1S
direction of ,a6i URbwRAN(AdGaBALAENE¥MERT With bR Armaftiresin602 hrdl $804s kavk
excitation corls 1550, and the flux produced fromsaid coils (shown broken

line). It cararbetwechavihgtwesnagnetiospedindaryB0f, @ndraiphralityef nome Maanekey
flux at f1l5u X p%a icgr?g. r]ger%i 50\98\9&, jﬂ?e“m%&?etic portions of the armatures extend and
laterally overlap with the yoke in regions surrounding the flux carrying air gaps
1620 (only two such air gaps are shown in the figure). This results in primary flux
(shown solid line) in the air gaps having a direction substantially parallef to the
actuation direction. The same is true also for the secondary flux {(shown broken
20 line) caused by the excitation coils {only one part of the secondary coils has .
been shown for simplicity). This embodiment is advantageous in that the area of
the flux carrying air gaps perpendicular to the flux direction can be greater than
in a comresponding embodiment having air gap flux passing in a direction
perpendicular to the actuation direction. This enables a greater actuation force
25 to be generated. This embodiment has further advantage in an actuator
arrangement formed of a series of parallel layers, each layer being orthogonal to
the direction of actuation of the actuation device. In this case, the thickness of
the air gap is controlled by layer deposition thickness. The thickness of an air
gap formed in this orientation can therefore be more accurately defined than
30 that of an air gap in an orientation as shown in Figure 28 for example, in which
the air gap tolerance would be controlied by mask registration.
It should be understood that embodiments of the invention wherein the



1556, and that it acts to reduce primary flux density at air gaps 1558 and
1560. , Although the flux passing through the arnmature renains
substantially constant, an unbal anced acts on the armature BnAtith 2085
direction of actuation. In Figure 29 the secondary flux has been shown
form ng a continuous path around both sets 20 of coil w ndings 1550.
Secondary flux may however al so be considerad to form a closed circuit
around a single set of windings as shown in Figure 31. This does not alter

the principle of filu qolat L g itA thE@§oRE inidid MYions
di rection. T@a%ﬂ%tbcdﬁﬁgﬁﬂ;g f%#’é %ﬂgﬁf@%‘é &gﬂgog%{egﬁﬁ adva?t0 ageous| ?/E@ be used
as 25 the bagirfoun@ingtheafiueamying air gapsiare hol nitedita theepasicular REPTP e

“flux carrying air aps. Figures 30 and 3],illustrate still_ f r

al ternative a:iﬁa@éibag &bQV@ng‘%@nﬁsf.eat'-Ffﬁ @@”@ﬁ’oh& Hﬁe{%fh L?&pﬁéé rei?rce’aﬂr}tga]remsnt
wWith two armature rmat ure having two magnetic

" portions 1606?mé?1§"ilqu$Bfgayé‘@pépaﬁgﬁﬁgaéhagnet I c, supporting portions. A
single prigrary nmagrigsrelGiBnpwobé disscebed iareeyampleunf (& AdliiSs onanyfactudg i n
two flux paths separated in the actuatiop_di r;@tjrﬁn, for eacpa&%fn bﬁ%
magneti c ar mgrocespowith JeEereBes o IgHESt Wo 1ar wat @s‘?’f@elietgtl T AUG 2006
coils 1610 - are @ﬂﬁﬁéﬂ%ﬂﬁﬂm“ easrh'iSWn%‘F’iqlﬁ'é[Zﬁnged with the coil axis

per pendi cul armg ctuation direction. 1n is way the secondary f]l ux
(shown broken |ing)Figate 3Bepatiemedipeotacesist 20 isideposied gntp haresl ieRtlye

primary flux- respectively at, correspondi n airs of ai provi de a
force acting deforaaivepusaghed F?!at601rqsqo?7fﬂ:q%'f’%aﬁg i&”gﬁe%’%t[yugga%’?ﬁbfhe
actuation_direct.i ' _ oSy ol oy @ilsibahehafiger manent
magnet pr Vi cﬁ?%ﬂrog&rﬁé&blcﬁ'u%@&pgg%gg@?%%?i' gﬁezn(h)hﬁ s ?%"f Ie.ach ar mat ure nay
be i ndependenidryofbiuateturtand 4 suppeatior ther statanr Bhe photoregiplapace fgmoved

operable. Al though Figuyre 30 shows the two actuators acting on separate
channel s, t hevill é&gm ané& %Pur se operate on the | o same channel, spaced in

the width, or in (§acd o i8leiraiane 2B RbAIdaed] 8 subbeqaamtdayerf a

peristaltic or other cooperatfve manner. Figure 31 illustrates _a ¥ﬁ1ri ation
on the enbodigremnéresfst Bnd meialdioy Theimslarly deposited as shown in Figure 33. These

15 steps may repeated a number of times until the desired structure is achieved.
In Figure 34, a layer is formed in which a permanent magnet 124 is
debosited along with the photoresist 120 and the electroformed alloy 122.
Further layers of alloy and photoresist are deposited in Figures 35 and 36. It can
be seen that in Figures 35 and 36 the profile of a flux carrying air gap is
20 Adéveioped. in this particular example the width of the air gap W shown in Figure
36, is controlled by mask registration in the deposition process. At a certain
depth, a layer comprising electrical coils 126 is deposited as shown in Figure 37.
As multiple layer coils are preferred, this layer may be repeated a number of
times. A number of connections and vias may be incorporated into some or all
25 of the layers to allow for electrical connection of the coils. More iayers' of
photoresist and metal alloy are deposited in Figures 38 and 39.
Finally, in Figure 40, the photoresist is removed from the whole
construction separating the armature from the remainder of the structure.
Some of the particular embodiments described refer to drop on demand
30 ink jet apparatus, however the invention may find application in a wide variety of
fluid pumping applications. Particularly suitable applications include so called
“lab-on-chip” applications and drug delivery systems. The invention is also



agai n shown an actuator arrangenent with two armatures 1602 and 1604, each
armat ure having two nmagnetic portions 1606, and a plurality of Q gnetic
15 portions. Here however, the magnetic portions of the ar ﬂHBLAL@ gﬁend
and laterally overlap vvith the yoke in regions surrounding the flux
carrying air gaps 1620 (only two such air gaps are shown in the figure).
This results in primary flux (shown solid44ne) in the air gaps having a
direction substantially parallel to the actuation direction. The sane S

true also for @%g
excitation co‘ﬂf'éaﬁf' gﬁ%ﬁ%ﬁ’d%b@ d% B?ﬁﬁ%%@:@n g?n;)?o%doqr{@% E’géﬁxg own for
sinplicity). Jé}-bgo[@nbodl ment i s advantageous in that the area of the flux

carrying air gaps perpendicular to the flux directi n be greater than
in a correspondi ng delerieprMachanicgl- §|Y§te§éfﬁcﬁ1ﬂfﬂ@eﬁ3?é’ﬁ gcqﬁs,egcqq on
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force 25 to be generate I ment rther antage In an
actuator ar rmﬂwwmhmmmmcmve@em Resaciife lparfzchiely (DRIE),sslectemhiatigyer

bei ng orthogonal to the dir ctlon o] actuation device. In
this case, trleetrpRIOEsS and Pﬂ@"‘%ﬁ HS W(&MP %‘Wpﬁﬁﬁﬂeﬂ@ sition
t hi ckness. f | can

t herefore bem(jr%Mé accur%fe%@rggje%%esggﬁ'ﬁ%ﬂ%@ag 6mﬁ'tf3hgr}1é)gq|@uga a?ﬁ an
orientation asasfysies: in Fi gure 28 for exanple, in which the air gap

tol erance woul d be_c ntro ma r d be under st ood
that enmbodi ments df-: AeCh | W%éf’gggof E%"ﬂ&@o K@immﬁfﬁéw%
portion of, [A%W%Vb%a G Gifd’lh' AnPVBI b agp PPeéshﬁnd’ e Prosd 1607 8BNS

surroundi carryifig air gaps, are not limted to the particul ar
exanpl e dech 8520 6806x(VdBUg and (-8828H681di{\Mbléjual | y be useful ly applied

to other enbodi ments of  ,actuya arrange S5 There will_, now

descri bed an exar’rﬁ‘ﬂ%h%?" g% Hﬁh&%ﬁﬂ?%@ﬁé@@&%ﬁ% Pr@?%?@ﬁée to

Fi gures 32 tog QL e is taken of the nmanufacture of the structure
2 In |

shown in Flgure gure 32, a patterned photo resist 120 is deposited
onto the resilientBoth magnetic and non magnetic materials are used in the present

15 invention. Suitable materials for use in construction include Si-based
compounds, Nicke! and Iron based metals including Ni-Fe-Co-Bo alloys,
Polyimide, Silicone rubber, and Copper and Copper alloys. A useful review of '
magnetic materials suitable for use with MEMS techniques (and incorporated
herein by reference) is to be found in:

50 J.W. Judy, N. Myung, “Magnetic Materials for MEMS”, MRS workshop on
MEMS materials, San Francisco, Calif. (Apr. 5-6, 2002} pp. 23-26.

Although embodiments have been shown having particular numbers of
channels, actuators and armatures, it should be understood that large arrays of
channels and actuators can be manufactured on a single substrate, and that

25 arrays of channels can be butted together.

Whilst embodiments have been described with respect to linear
channels. It would be equally possible to utilise other chamber architectures
including, but not exclusively, architectures where the acoustic wave travels
radially of the nozzle as described with regard to WO 99/01284 the contents of

30 which are incorporated herein.

Each feature disclosed in this specification (which term includes the

- claims) and / or shown in the drawings may be incorporated in the invention



def or mabl e pusher-rod plate 100 of Figure 21. Subsequently a layer of lo

el ectrof ormed nickel alloy 122 is deposited. The nickel alloy will formthe
first part of the armature and a support for the stator. The photoresi st,
once renoved wll forman air gap. Once the first |ayer of Figure 32 is
conpl eted, a subsequent |ayer of photoresist and netal 4§ MG 2006 milarly
deposited as shown in Figure 33. These 15,5teps nay repeated a nunber of
times until the desired structure is achieved. In Figure 34, a |layer is

formed in which a rpanen 1/See } ong with the

phot or esi st iﬁé% Eng(gPﬁ5¥3%£§$ﬁé§ﬁgﬂ?%yﬂﬁggéh%%%P?%ér | ayers of all oy
and photoresi st are deposited in Figures 35 and 36. It can be seen that in
“Figures 35 and 36 the profile of a flux carrying air gap is 20 devel oped.
In this particular exanple the width of the air gap Wshown in Figure -6, -
is controlled by mask registration in the deposition process. At a certain
"depth,, a layer conprising electrical coils 126 is deposited as shown in
Figure 37. As nultiple |ayer coils are preferred, this |layer may be
repeated a nunmber of times. A nunber of connections and vias nay be
incorporated into sonme or all 25 of the layers to allow for electrical
connection of the coils. Mre layers of photoresist and netal alloy are
deposited in Figures 38 and 39. Finally, in Figure 40, the photoresist is
renoved fromthe whole construction separating the armature fromthe

remai nder of the structure. Sone of the particul ar enbodi nents descri bed
refer to drop on demand 30 inkjet apparatus, however the invention may find
application in a wide variety of fluid punping applications. Particularly
sui tabl e applications include so called "lab-on-chip" applications and
drug delivery systens. The invention is also AUG 2006 -22 applicable to

ot her droplet deposition applications such as apparatus to create

aerosols. Mcro-El ectro-Mchani cal - System t echni ques have been di scussed as
suitabl e for manufacture of apparatus according to the present invention.



5 MEMS techniques include Deep Reactive lon Etching (DRIE), electroplating,
el ectrophoresi s and Chem cal - Metal Polishing (CVP). Exanpl ¢s§ MG 200er al
MEMS t echni ques are di scussed in textbooks of which the follow ng are
exanpl es: P. Rai-Choudhury, ed., Handbgok of M crolithography,

M cromachining, 1 o and Mcrofabrication, Vol 1 and Vol 2, SPIE Press and
| EE Press 99am$SBN 0-8529-6906-6 (Vol 1) and 0-8529-6911-2 (Vol 2)
Mohanmed Gad-el-Hak, ed., The MEMS Handbook, CRC Press 2001, | SBN
0-8493-0077-0 Both magnetic and non nagnetic materials are used in the
present 15 invention. Suitable materials for use in construction include
Si - based conpounds, N ckel and Iron based netals including N -Fe-Co-Bo -

al l oys, Pql Drﬂbl@@deﬁbéitamappémhbemmmmbemalls(ﬂnﬁpmg aliquoiyls. A usef ul

review of magnetic materials suitable for use d}t} aﬁe t echni %gs (and
i ncor por at @bammfefpfﬂﬁ‘ B{said chagwes yvalls begageshentiyRaiormanie in apaciagon N

un erials, San
o angi sco. Hgpligm 4 EebfuP pol HifRced Ganife AaRe0R e CUdthy = 2 ove
been shown phavitiing fopcontimuoas ﬂowrdidiqeldciﬁroughahel ehambalc Buaum(sbmnuﬂaaleﬁat ures,
it should be understood t hat, | arge arra%/cu_’r‘fg CQ_% n actﬁjéttors can be
manuf act ur é&néng i Mfigg acaushs gé ingied pf thg chp 5 P BAFANEY can be
butted to i n to
Phear  onibMBlerdif e chaARRCLRE M [dlAY SuBBF o IRRGh SRRt Al dRREeh,

archi tect uppsn slaiﬁ:tesdlengy dbflsrmable eharhberiwall tp, craatemcoesmmmges\heth@ t he
acoustic wave travel s of the nozz as_ .describ regard to
%) 99/012811qwﬁé3fé’8ﬁ1?@%@1£‘96?”d Sﬁ;fﬁﬁw EAMSE drop 8}9&8%?@8”‘%@5@\&1 fth feature
disclosed in this specification (which termincludes the clains) and / or

shown in the drawings may be incorporated in the invention 18 AUG 2006 -23
2. Apparatus according to Claim 1, wherein said acoustic boundaries serve to

" negatively reflect acoustic waves in the liquid of the channel.

3. Fluid pumping apparatus comprising chamber walls defining a fluid chamber,
one of said chamber walls being resiliently deformable in an actuation direction,
a chamber outlet, and an actuator remote from the chamber, acting in said
actuation direction upon said resiliently deformable channel wall to create

acoustic waves in the chamber and thereby cause fluid flow in the chamber

outlet.

4. Apparatus according to any one of Claims 1 to 3, wherein said résiliently

deformable chamber wall forms a seal isolating the actuator from fluid in the

éhamber.

5. Apparatus according to any preceding claim, wherein said fluid chamb_er
comprises an elongate liquid channel, and wherein said resiliently deformable

chamber wall comprises an elongate channel wall.

6. Apparatus according to any one of the preceding claims, wherein said
resiliently deformable chamber wall comprises a substantially rigid element

capable of transmitting force from the actuator to fluid in the channel and at least

one first fiexure element.



i ndependently of other disclosed and or illustrated features. 18 AUG 2006
24 CLAIMS 1. Droplet deposition apparatus conprising chanber walls
defining a liquid chanber, one of said chanber walls bei ngog]%ysl Q tly
deformabl e in an actuation direction;_an ejection nozzle cted with -
t he chanber; a liquid supply providi n%j for continuous flow of |iquid

t hrough the chanber; acoustic boundaries serving to reflect acoustic waves
in the liquid of the chanber; and an actuator renote fromthe chanber and

the Tiquid supplaa ééd?ﬁdihg 1§ Bl iHah depertisnt ohiGlaim Bpehesai shid at
resiliently ‘def'or nabl e chanber wall to create acoustic waves . in the liquid
of the chaneast emafieheestgmentadentsopibstardiplicacrans e WAL A e ozz1 6. 2,

~.Appar atus accordin oCami1l erein said acoustic boundaries serve to
negati vel y iesfipaby gﬁt‘ﬁﬂ?ﬁ?‘%cmmﬁm the |iquid of the channel. 3. Fluid
punpi ng apparatus conprising chanber walls defining a fluid chanber, one

"of said chanber walls being resiliently defornable '@n, ag aﬁt uat i Oﬂﬁé
direction; 8aAppeahey acnartieg to Slaimdhwhen dapendent b &aim onMIREETE FARE |

acting in said actuation directio 1. ighd ©F

channel wallpagipng @%Lge eﬁ%@ﬁgtﬁ e'ﬁvéetgg%naﬁ hglogﬁg%h%wgh?f%@g%h@guse

fluid flow d'%ohﬁﬁb[@*@{%'élwﬁmt'et- 4. Apparatus according to any one of
, er

Caims 1 to ein said resiliently deformable chanber wall forms a
seal isolating the actuator fromfluid in the chanber. 5. Apparatus

according t n cedi j ' itd sfliefldEpEHeI on CMART 5 S€s an
el ongate | éﬁfﬁ}/@({ﬁ{&ﬁn%%or@ﬂ@%@ %%Sf;‘g%a §gsti|9| iently deformable chanber

wal | conpr i gpsrefs@tiaitideRrdrrriEndaaldng the legghodthschauwidi ng to any one
of the preceding clains, wherein said resiliently defornmable chanber wall

conprises a substantially rigid elenent capable of transmtting force from

the actuatof o,tA)pJeJré'{ug ddoldify f'@M6he 8NClafths 53T wHeRGinsaicstesiieatiyr

el enent .
deformable chamber wall comprises a plurality of flexure elements arranged to

constrain movement of the rigid element to said actuation direction.

11. Apparatus according to Claim 10, wherein at least one of said flexure
elements contacts fluid in the channel and is stiff with respect to fluid pressure.

12. Apparatus according to any one of Claims 5 to 11, wherein said flexure

elements are arranged in a parallelogram linkage with respect to the rigid

element.

13. Apparatus according to any one of Claims 5 to 12, wherein the actuator

comprises a push-rod acting on said rigid element.

14. Apparatus according to Claim 13, wherein the push-rod is carried on said

rigid element.

15. Apparatus according to Claim 13 or Claim14, wherein the push-rod serves

as the armature in an electromagnetic actuator arrangement.

16. Apparatus according to any one of Claims 13 to 15, further comprising
support means connected to the push rod at a location spaced apart from said



1 8 AUG 2006 25 7. Apparatus according to Claim6 when dependent on Caim
5, wherein said at |east one flexure el enent extends substantially across
the full width of the resiliently deformable channel wall. §.§ 4bi6a8fus
according to Claim6 when dependent onz§l aim5, wherein said at |east one
flexure el ement extends across a portion of the wwdth of the resiliently
def or mabl e wgidmternentin the Sctugtipadaediorg wdereinsgid suppoyt rmeansotor@iims 6 to 8
when dependent on Claimb5,  wherein said rigid el enent extends along the

| ength of tHEVEREARE .Sa‘ﬂ(P,USMBEFOaW '5‘&86’?9?1’51@“? ny one of Claims 5 to 9,
wherein said resiliently deformable chanber wall conprises a plurality of
flexure elenents arranged to constrain novenent of the rigid elenent to
sai d act uatianpparatus ascordiig tADfmalty svheceinsdidsppportChaams ddmpribes ei n - at

| east one of said flexure, elenepts contacts fluid in %he channel. and is
stiff with QRapEEIOre serent Boprresisments cepneqipdly spideusded &t AdPEd%ny one
of Cl ains I i 5 Al idsr SRt infls &

paral | el og?sfﬁﬁegj@aéggﬁé\nﬁt '(?e agie%rﬁ%igtr, tg ﬁlgeﬂrrl gid &eﬁlgef%g(p@gsﬁ'sggsar at us
accor di ng tarrangediveadiik€agiarslleogramilihkagheviti respeet tadheipush rocconpri ses a
push-rod acting on said rigid element. 14. Apparatus according to C aim 13,
wherein the push-rod is carried on said rigid elenent. 15. Apparatus

accordi ng tfa.%@éﬂét%% Reofdift Hldhy SRSHEINR BrBBodiNG Brifd WRERStheas the
armature in an €l ectromagnetic actuator arrangenent. 16. Apparatus

accor di ng tacteatpr operatés €egiromaggeticallys5, further conprising support neans
connected to the push rod at a | ocation spaced apart fromsaid AUG 2006 26
rigid element in the actuation direction, wherein said support neans

constrai ns gTypaPatus dccsid RURY 6riflof Olaiis 18ith a8l Whard tcastakiadn.

comprises an armature displaced through modulation in flux distribution.

20. Apparatus according to any one of the preceding claims, comprising a first
planar component comprising a plurality of rigid channel walls corresponding
with a set of channels; and a plurality of nozzles aligned with said channels; and
a second planar component disposed parallel with the first planar component,
the second planar component comprising a plurality of actuators aligned with

said channels.

21. Apparatus according to Claim 20, wherein said set of channels are

elongate and arranged parallel to one another.

22. Apparatus according fo Claim 20 or Claim 21, wherein the first planar

component further comprises a resiliently deformiable channel wall for each

channel,

23.Apparatus according to Claim 20 or Claim 21, wherein the second planar

component further comprises a resiliently deformable channel wall for each

channel.

24. Apparatus according to any one of Claims 20 to 23, wherein said first

component is integral.



17, Apparatus according to Caim 16, wherein said support nmeans conprises
one or nore second flexure elenments connected to said push rod at a

| ocation spaced apart fromsaid rigid elenent, said first and second
flexure elenents arranged to act |ike,a parallelogramli nhagq\ug 200 espect
to the push rod. 18. Apparatus according to any one of the preceding
clains, wherein the actuator operates el ectronmagnetically. 19, Apparatus
according to any one of Clains 15 to 18, wherein the actuator conprises an
armat ure di 2pl aspatatus acghding dokay boe of Bldima20dp i | whererosaihBishr at us

Component conpprasgs e on Prodgen comarEe e B iedigaualg W
-a set of Chﬁ'@@%ﬁaﬂo 8BS éﬁﬁdgwa@g_ nozzl es aligned with said channels;

and a seco anar conponent di sposed parallel with the first planar
.component, the second planar conponent conprising a plurality of actuators

li dwth id ch ls. 21, i Ik , Wherei
Sai 0 set of Joraprpbs o dretyar L SR et MR o8 el R, o e
22. Appar at Uﬁq eq;waqg A% fdPridd@hyndbhiiingCl ai m 21, wherein the first planar

conponent fur r conprises a resiliently deforrAable channel wall for each
channel . 23. Apparatus according to Claim20 or Caim21, wherein the second

e O EeL i RSt FOTRS LA o B OSSR el vel

for each I'ng t6 any one alnms 20 to 23,

wher ei n sai ghdich lvalls QrPRIMeRY thselbdksigrming. 27 AUG 2006 25, Appar atus
according to any one of Clains 20 to Claim24, wherein said first

conponent is manufactured by a process conprising the step of etching away

“material to.define.th | |l s, . AD. ' one of
C ains 20 t%éi' paﬁm%?c%ﬂ??‘@ﬁﬁ edrﬁc%ﬁcﬁﬁ%ﬁ %F@?@@@gﬁ%ﬁﬂ%ﬁ%&% ni ng.
component is formed from silicon.

29. Apparatus according to any one of Claims 20 to Claim 28, wherein said

second component is a laminate manufactured through the repeated formation

and selective removal of layers.

30. Apparatus according to Claim 29, wherein each layer may comprise more

than one material.

31. Apparatus according to any one of the preceding claims wherein at least one
distinct region is defined in the resiliently deformable channel wall, with the or
each region being movable in translation in the actuation direction through

resilient deformation of the wall, the or each said region being stiff.

32. Apparatus according to Claim 31, wherein there exist two or more said

regions.

33. Apparatus according to Claim 32, wherein one or more of said regions can

he actuated independently of another region.

34. Apparatus according to Claim 32 or Claim 33, wherein the actuator acts

upon more than one region.



27. Apparatus according to any one of Clains 20 to Caim 24, wherein the
channel walls are fornmed by el ectroform ng. 28. Apparatus according to any
one of Clainms 20 to Claim 27, wherein said first conponent is formed from
silicon. 29. Apparatus according to any one of Cains 20 t‘bﬁChﬂ[;rmaﬁ,
wherein said second conponent is a |am nate manufactured through the
repeated formation and selective renoval of |ayers. 30. Apparatus
according to Caim29, wherein each | ayer may conprise nore than one
materi al . Bb. ARpesetasaccantiog th alpime2amClaine 3 df carmrisiaea edliratity of biers
wherein at | east one I, Sstinct reqi is.defined in the resiliently

cl ef or mabl @@Fﬂiﬂ%ﬁ’s%ﬁi t@\ﬂﬁ@?ﬁ“ﬁgywh sgggrﬁgﬁd(b fon being novable in
translation in the actuation direction through resilient defornmation of
the wall, the or each said region being stiff. 32. Apparatus according to
d ai m 31, \iferegenarady planar sompapeaifongseindhiidipumplidotRparaBis Appar at us
according to Cl ai.m.32, wherein one or nore of said regions can be actuated
independent(“lcﬂmpd%I ot her region. 34. Apparatus according to Caim32 or

C ai m 33, wher eid‘ﬁr@hpia@@?@b@haﬁﬂ%ﬁiesilmgd@ﬂirmdﬂlkaﬁomﬂﬁs:f egion. 28 8 AUG
2006 35. Apparatus according to aim32 or Claim33, conprising a
plurality of |i leesecaitdRienakiayerskaiplal dysaiddisddaysrdiaying ¢vrragiondinggi ons.  36.
A general | . - Q.. in fluid punpi ng apparat us

conpri si ngxe@'%p&;qé‘fgﬂﬁ%@r@ﬁ%{@{rs’ %aﬁfgi ng resiliently defornmable portions; a

second pl anar | ayslurgiity of Actliators Baviag B bstudtion elircbtion, gcated bespserdi ng
resiliently cl eformarbql e gorti ons: and a gl yrality of actuators having an

actuation Griddwia ighe : F@M‘%‘é?d/\fé’e'ﬁte”_gé RIEEE Qfﬁéq E"_’% G&Wmﬁ‘teeq to
interior Stdirggwop‘;c@?ﬁ& BHﬁoéd?Hé‘FfosthW'tﬁvB Iéyhﬁ's; direction of actuation
ort hogonal 10 e two [ayers;
wherein said actuators are operable to deform selected resiliently deformable
portions of said first and second layers in an actuation direction so as to cause a
change in pressure of a liquid in contact with the exterior of said first planar

layer.

37. A generally planar component according to Claim 36, wherein said first

planar layer is impermeable.

38. A generally planar component according to Claim 36 or Claim 37, wherein

said second planar layer is permeable.

39. A generally planar component according to any one of Claims 36 to 38,
wherein said actuators comprise rigid push rods connected between

corresponding resiliently deformable portions of said first and second planar

layers.

40. A genéraify planar component according to Claim 39, wherein said push
rods are constrained by said first and second planar layers to move only in the

direction of actuation.

41. A generally planar component according to Claim 39 or 40, wherein said

push rods serve as the armature in an electromagnetic actuator arrangement.



wherein said actuators are operable to deformselected resiliently
deformable portions of said first and second |ayers in an actuation
direction so as to cause a change in pressure of a liquid in contact with
the exterior of said first planar laygr. 37. A generally] gl Apgr2fgpnponent
according to Caim36, wherein said first planar |layer is inperneable. 38.
A general |y planar conponent according to Caim36 or Caim37, wherein
said second planar |ayer is perneable. 39. A generally planar conponent
accor di ng t 42 ahyeosealyfpliaicom@bentag®rdingfeeey Ane af élaa@taﬁaﬁo&% conpri se

i gid push rods d di L L |
porti ons. of wBaIa SAKUESHRATCUDRTERIE AREe CLy bf el et it X B gRITe 2
component  agrapgia he dikeidisiheliRptish befdj gbramah  rods are const rained by

said first and“second planar layers to nove only in the direction of
_actuation. 41. A generally planar conponent according to Caim39 or 40,

wh ' I d h d . t ' . ke Cof-

ct Uat or _arfarbENenpd cbeo kGRS A AR EraPauf oS AR g TS RERR LY,

according to anyfot?ﬁﬁnq)é fifch BlaMapBoinpofdnt acaham?j 1o &8 she eClaim$B6 Yo 42;
|

def ormabl e portions of one | ayer each have a direction qf ﬁl_qngation, t he
directions of el fomging asepeichplapar edmnpenent somRrigBgRRIVEItehEgd ucti ng a

fluid punpi appar at us .compri sir p ; ar [ ' pl anar .
conponent a&%ﬂﬂ"&? quﬂ§ gegwgg&qgﬁgfncﬁﬂt éhf'a@teges&[r%fsgg?&ﬂpgc‘r) pn%ngesgieéggond pl anar
conponent  CONBFTablRGaHicHIbRIaid ﬁrs@f)lahiagb@tnpbmﬂsbndval | s defining open sided
channel s correspondi n;i:]hto the resiliently defornmable portﬁliﬁﬂns of said

first planar conmatipgihe tyriplanaeeeRBOReds syeh fiat gy ¥EHAAGAOISYER t hat

‘they are patall.el ,and_su (@:{;{\}% 8ifiénti
conponent Z‘E‘@{ Lﬂel %ﬂ'evﬁa cﬁﬁh? %'g@éne&s@ ??en r(%ng B‘grgngor%gqggﬁr?or%s o? ythe
first planageferrBaBiagRirtionshbfthe fits pldrar copponent, wiich tgs foremppit oféf or mabl e

channel wall. _
resiliently deformable channel wall.

44, A.method according to Claim 43, wherein the first planar component

comprises one resiliently deformable portion for each channel.

45. A method according to Claim 43, wherein the first planar component

comprises more than one resiliently deformable portion for each channel.

46. Fluid pumping apparatus comprising elongate channel walls defining an
elongate fluid channel, the channel having a fluid outlet, one of said channel
walls having at least one distinct region movable in translation in an actuation
direction orthogonal to the length of the channel and at least one straight line
actuator acting in said actuation direction upon said region of the channel wall to

create an acoustic wave in the channel and thereby expel fluid from said outlet.

47. Apparatus according to Claim 46, wherein said straight line actuator

comprises an armature movable bodily under electromagnetic force in a straight

line in the actuation direction.

48. Apparatus according to Claim 47, wherein said armature is constrained to

movement in said straight line.



44. A nethod according to Caim43, wherein the first planar conponent
conpriises one resiliently defornmable portion for each channel. 45. A

met hod according to Caim43, wherein the first planar cgnpo t onpri ses
nore than one resiliently defornmable pgftion for each cha’ggef&%]zg > Fluid
punpi ng apparatus conprising elongate channel walls defining an elongate
fluid channel, the channel having a fluid outlet, one of said channel

wal I's having at |east one distinct region novable in translation in an
actuation 4§ regidretuscaddooting & Claimt4te whengjt saidfarniaiuretiacnpstrained By | east
one straight line _actuator acting in sail.d actuation direction upon said
region of t@lemeAmEICIRAING asA pegaggllpgraéﬂ et i ¢ wave in the channel and
thereby expel fluid fromsaid outlet. 47. Apparatus according to C ai m 46,
wherein said straight |line actuator conprises an armature novable bodily
under el ect§mragaeaius dapocding ko ang bnaiofBtaims dhdo s, whereia sait tegiPrdér ect i on.

48. Apparatus accordjng t aim47 erein said arnature | trained
to m)vemarﬁE'O’i‘?ﬂ\ﬂt@aﬂrlﬁJ @%Pagﬁaongi%ﬁqb%‘ ial QO'R%%%&E]&BA‘@S&L'C%%@P 33? E}ie
accordi ng tdh (@l M 49, wherein said armature is constrained by elenments

functioning as a parallelogramlinkage. 50. Apparatus according to any one
of Clains 46 to 49, wherein said region is elongate and extends along a

substantial_portion of the acpustic le h_of Appar at us

accor di ng tfﬁi-frﬁfﬁé’s&m@@? Ay e 88&%3#@?‘%3%%@@%“3%% Vi ded at

| east two jﬁb@tdéé%%ﬂ\ﬁgsaiﬁn@gbﬁsus according to C aim51, wherein the
act

act uat or s upon nore than one region. 53. Apparatus according to Claim
52, conprising a plurality of |like actuators associated respectively with

her i n°sai AP R b g R, bReAY tf el ol Bpdriole

Appar at us %ﬁ%@idi‘g to any one of Clains 46 to 54, conprising a plurality
of .

53.. Apparatus according to Claim 52, comprising a plurality of like actuators

associated respectively with said regions.

54. Apparatus according to any one of Claims 46 to 53, wherein said fiuid outlet

comprises a droplet deposition nozzle.

55. Apparatus according to any one of Claims 46 to 54, comprising a plurality of
like channels each having a respective actuator, the actuators having parallel

actuation directions.

56. Apparatus according to any one of Claims 46 to 54, in the form of an ink jet

printer.

57. Droplet deposition apparatus comprising a liquid chamber capable of
sustaining acoustic waves travelling in the liquid, a droplet ejection nozzle
positioned for the ejection of a droplet in response to said acoustic waves and
an electromagnetic actuator serving on réceipt of an electrical drive signal to

create an acoustic wave in the chamber and thereby effect droplet ejection.



| i ke channel s each having a respective actuator, the actuators having

paral l el actuation directions. 56. Apparatus according to any one of
Cains 46 to 54, in the formof an ink jet printer. 57. Droplgi; @Bggosi tion
apparatus conprising a |liquid chanmber cgpable of sustaining acoustic waves
travelling in the liquid, a droplet ejection nozzle positioned for the

ej ection of 53 frofbedepdsificsARTSUEBCBIThPRAUIEINM 67 WANSirAihd ackator is

el ectromagneti c actuator serving on receipt of an electrical drive signal
to create semateoiiem thewhamben t he chanber and thereby effect droplet
ejection. 1 8 AUG 2006 31 58. Droplet deposition apparatus according to
Caim57, wherein the actuator is renote fromthe chanber. 59. Droplet
‘deposi tion %EP%@élgﬁdé‘ﬁﬁﬁhﬂé}ﬂﬂr&uga@bm 1rClat SWoe 66 Whiken theghanber s
defined by chanmber walls, one of said chamber walls being resiliently

“def or mabl e chatrniver iscdefiaddry ehanalegriwallsuaae of said Caé'tﬁbéhwé‘ﬁs b8iNg act uat or.

rosi 1 ont | y ey AP e hEbH iRy Ria p i alon BEEFUBCRAG

actuator fromliquid in the chanber. 61. Droplet deposition apparatus

according to any one of Clains 57 to 60, further on’ﬁrisig aco.ﬁ%t'i:yc
boundari es 66rPrapjet:denositionappacaiUs BceORNGLS GIam AR, whersin sdidiresiigNtYhanber .

62. Droplet depositi C i . L g B ito 61,
ur ther - confrirApeOrr IR aL TS SR Brhiastaie BRcRlabl fomcRiin?, Ol 4
t hrough t hgeChtairesr. 63. Dropl et deposition apparatus according to any one
of Clains 57 to 62, wherein the actuator conprises an armature di spl aced

t hrough nodulation in distribution of a nagnetic flux of substantially
“constant nagni | bt 23, p 0 any one
of C ains Sgﬂt%'%%%‘:t Ogjeﬁgﬁgﬁ%pgg{agﬁglggﬁérgm@ﬁgmrﬁ%ﬁp?isg%sggn@gglt?bngate

| i qui d chanfuglher comprising acoustic boundaries serving to reflect acoustic waves in the

quuid of the chamber.

62. Droplet deposition apparatus according to any one of Claims 57 to 61,
further comprising a liquid supply providing for continuous flow of liquid through

the chamber.

63. Droplet deposition apparatus according to any one of Claims 57 to 62,
wherein the actuator comprises an armature displaced through modulation in

distribution of a magnetic flux of substantially constant magnitude.

64. Droplet deposition apparatus according to any one of Claims 57 to 63,

wherein said liquid chamber comprises an elongate liquid channel

65. Droplet deposition apparatus according to Claim 64, wherein the actuator

operates in an actuation direction orthogonal to the channel length.

66. Droplet deposition apparatus according to Claim 64 or Claim 65, wherein the
actuator extends along substantially the length of the channel.

67. Droplet deposition apparatus accoi*ding to any one of Claims 64 to 66,
comprising acoustic boundaries at respective opposing ends of the channel.



65. Dropl et deposition apparatus according to C aim64, wherein the

actuator operates in an actuation direction orthogonal to the channel

| ength. 66. Droplet deposition apparatus according to d ai ﬁgGgH@rwgsai m 65,
t

wherein the actuator extends along supstantially the |eng .

channel . 67. Droplet deposition apparatus, according to any one of C ains
64 to 66, conprising acoustic boundaries at respective opposi ng ends of

t he channel. AUG 2006 32 68. Droplet deposition apparatus according to any
one of O aigs hdpltodépositivhapparatishaccerdiey tooanynore beClame Gdrted7ed wi th the
channel at a point internediate its Ig@%ﬁ. 69 Drc1pl et deposition

appar at us aéesienithg aiectionnerzie isrcopnast the channel @ AR ng a first

pl anar conp . i S a plurality of rigid chanber walls :
correspondilﬁ%ﬁﬁ\n&?'%?é;néle%{dg@ chanbers; and a plurality of nozzles aligned
with said chanbers; and a second pl anar conponent disposed parallel wth

the first I t, th d, pl t iSi

plural i ty &09. DicplahSepasiiph SRBAISS4PCaion Kamhane O biarms & Bioieposi t i on
¢ . . . _ . ol

1? 5?? Lgruio%ﬁ?@gy@aﬁi@ﬂlﬂgﬂcﬁ& p&ﬁ?ﬁi‘%&rﬁ?é'&él hgrém\%gﬁﬁ@][do? each chanber.

71. Dropl etgopeppondingwitipp sebofichasteos;dindea ploraivabfmezleswligreidwitthe second
pl anar conponent further conprises a resiliently deformable ch r, wal
for each GRighefambers; apd & na&%afﬁpmoasi}‘af#%%%e R Bﬁ'i"ﬁ@‘ ﬁ%ﬁ one of
dains 69 , ni(;ﬁb?f ' blorld pahaf SSMPERSHL cofngridirRpa pluraiitd of Dr opl et
deposi tion gaprg)aircgt S ae?tt:'gpgi%ﬁgotoban? oneBof d ai ng; G@tg d a?m 72,

wher ei n saiggtatorstaligoegovittnsaid shambefsact ured by a process conprising the
.step of etching away material to define the chanber walls. 74. Droplet
deposition apparatus according to any one of Clains 69 to Caim72,

wher ei n t heaChasHiier d¥sddiforPashdratUSRIECOMINRRNCRIMS9, wherein the first planar
component further comprises a resiliently deformable chamber wall for each

chamber.

71, Droplet deposition apparatus according to Claim 69, wherein the second
planar component further comprises a resiliently deformable chamber wall for

each channel.

72. Droplet deposition apparatus according to any one of Claims 69 to 71,

wherein said first component is integral.

73. Droplet deposition apparatus according to any one of Claims 69 to Claim 72,
wherein said first component is manufactured by a process comprising the step

of etching away material to define the chamber walls.

74. Droplet deposition apparatus according to any one of Claims 69 to Claim 72,

wherein the chamber walls are formed by machining.

75. Droplet deposition apparatus according to any one of Claims 69 to Claim 72,

wherein the chamber walls are formed by electroforming.



75. Droplet deposition apparatus according to any one of Clains 69 to Claim
72, wherein the chanber walls are fornmed by el ectrof orm ng. AUG 2006 33
76. Dropl et deposition apparatus according to any one of PﬁiA[]ErmPto Claim
75, wherein said first component is fgymed fromsilicon. , opl et

- deposition apparatus according to any one of Clainms 69 to Cl aim 76,

wh i id d [ (N | am nat |

Fepeat od 1 fomtoBIFL derosgpacppR R RarL nafo Ay rg6! Sflp SUSKRITLIS 1 on

appar at us ;\{&ﬁé’@g{ %dgﬁfgﬁhgmnéﬁi iTYoRhed Rofpsificonayer may conprise nmore than
. : pl et

one materi eposition apparatus conprising an el ongate
| i quid channel bounded in part by a resiliently defornmable diaphragm a

“liquid supply for the channel; an ejection muni i ke h the
channel - and Srgaieh eaastanerer s Ssarapdae ARDehE pECEREe§ ptenLre.
_diaphragm \[he §;%idré§é09§'caﬁwpoﬂbﬁpib%qﬁﬁm#eﬂe infarafeciciedahiquyhtheect i on
orthogonal to the Iength of the channel to deformthe diaphragmto

di spl ace | i gpedtadiormetiomandselestive taepwadpf lB48%e  dropl et ej ection through
said nozzle, wherein the push-rod is supported by at |east one flexural

el ement at two | ocations spaced one fromthe other in the actuation

direction. @)-D%@H%Foﬁﬁ@%bﬁé@m@mr@mgso gtatrar7d, Mpetein @aghitayz® masher ei n
the push-rod 1s constrained by said at | east one flexural el enent against

rotation abeomprise maxe thaseeng meteriad the | ength of the channel. 81. Dropl et
deposition apparatus according to Claim79 or Claim80, wherein the
push-rod is supported by at |east one flexural elenent at each said

| ocation,  #deybhiexdepbsiedeEpparatEetopgsiag an ehangalté bquidchanheinkage.  82.
“Droplet deposition apparatus accordi n%a(tlj)? ‘3% one ‘Ofl' CI.(ili ns 7% B?' 81,
wher ei n t hebatingieHrimgaTtdy & easilently defarmaple iaRlRgM™: & igpid suPg 10NG | o
deposi tion apparaluS,AGeenH iQRg With@halcRBnd&); hAd &Zpushueer ei n the
push-rod i 50?103{%{‘8&3& e’%&ﬁﬁl ﬁie}%dé(ggﬁfuﬁb%% gl %
. which is separated from the liquid by the diaphragm, the push-rod being
displaceable in an actuation direction orthogonal to the length of the channel to
deform the diaphragm to displace liquid in the channel and thereby cause
droplet ejection through said nozzle, wherein the push-rod is supported by at
least one flexural element at two locations spaced one from the other in the

actuation direction.

80. Droplet deposition apparatus according to Claim 79, wherein the push-rod
is constrained by said at least one flexural element against rotation about an

axis parallel to the length of the channel.

81. Droplet deposition apparatus according to Claim 79 or Claim 80, wherein
the push-rod is supported by at least one flexural element at each said location,

the flexural elements serving as a parallelogram linkage.

82. Droplet deposition apparatus according to any one of Claims 79 to 81,

wherein the diaphragm serves as one said flexural element.

83. Droplet deposition apparatus according to any one of Claims 79 to 82,
whefein the push-rod is integral with the diaphragm.



1 OF AUG 2006 34 84. Droplet deposition apparatus according to any one of
Clains 79 to 83, wherein the nozzle opposes the diaphragmin . .the actuation
direction. 85. Droplet deposition apparatus accordi ng tbgaAUGolfgof C ai ns
79 to 84, wherein the di aphragm extengs along the |engt h of the channel.
86. Dropl et deposition apparatus according to any one of Clainms 79 to 85,

channel and®rosftteasinanaf s BBy ARG Hf R S Ao e
deposi ti on whpmimthes nazzieoogphbged healiyptiragnah the actBtid? directitfh. wherein the

push-rod communi cates at end renote fromthe diaphragmw th an actuator.
88. Dropl et deposition apparatus according to Claim87, wherein the

act uat or c%' O t.or . | et ition
appar at us acc’orﬂgﬁﬁ% C?gogh@ﬁéﬁ@%a%%g@gmgﬁt%y%? gv%ﬁg'rr@ Eg?cﬁg push-rod
serves as twheintiieudiephragan eslctds aoraanelémgtaot thid Hanne®0. 13' ropl et
deposition apparatus according to Claim88 or Claim89, wherein the

actuat or conprises an armature di splaced through nodul ation in flux

di stributi ; L | t ny-one of

G aims 79 (8 GoPiepuRpREtio SRS RcaRARL® Uhy SRR A PO BBt ve

opposi ng endserefn #teastodrenoksaid extireglémeniefdontictaiquid tin the\eivsdl Bnd he

| i quid of t.he@ihz\tﬂnel ; qef,ormat i on of the diaphragm by the push-rod

servi ng t o 1% SERWENJEsReEt R lighidd¥essyres he i quid of the channel and thereby

cause droplet ejection through said nozzle. 92. A method of manufacturing

dropl et deposition apparatus, having a first planar conponent conprising a

plurality &7.Dropldt dbposititn apparatuscacoestion s agy onetof Clainst 7®fo g&r al | el

channels; a . resil ,’_,entlx dgf or mabl.e channel, wall for each AUG 2006 35
wherein the push-rod communicates at end remote from the diaphragm with an

actuator.

88. Droplet deposition apparatus according to Claim 87, wherein the actuator

comprises an electromagnet actuator.

89. Droplet deposition apparatus according to any one of Claims 79 to 88,

wherein the push-rod serves as the armature in an electromagnetic actuator.

90. D%plet deposition apparatus according to Claim 88 or Claim 89, wherein the
actuator comprises an armature displaced through modulation in flux

distribution.

91. Droplet deposition apparatus according to any one of Claims 79 to 90,
further comprising acoustic boundaries at respective opposing ends of the
channe! serving to reflect acoustic waves in the liquid of the channel;
deformation of the diaphragm by the push-rod serving to create acoustic waves
in the liquid of the channel and thereby cause droplet ejection through said

nozzle.

92. A method of manufacturing droplet deposition apparatus, having a first
planar component comprising a plurality of rigid channel walls corresponding
with a set of parallel channels; a resiliently deformable channe! wall for each



channel, said resiliently deformable channel walls Iying in a cormmon pl ane;
and a second planar conponent conprising a |inear actuator for each
channel, said actuators having respective actuation dir(ﬁ;ﬂﬂ?ZMﬁiCh are
parallel; the resiliently deformable ghannel walls Iying etween and in a
par al | el relationship with the first and second pl anar conponents in the

manuf actured a ra i | LhRogonal
o sai d confibaBn-ett deetily B2 et LA Bl ) e e Ve
channel st hpQughnd plariaredt n@ﬁt ccdnﬁpm:sg)a ||taemaatmmm foe mably cdemrmlmmi e

channel walls. 93. A nethod accordi ngato Claim)9

fornming t heatiuptars hexingrresperysstHalion diprlions V‘{W{éﬁ éfee'baré lg\ fﬂerfFﬁ'Be'ﬁlypl anar

waf er and et.chin L ak l: W fHe t O

define the gﬁ{ﬁ]’ %P?%A"‘gt?(an{@g%ﬂégmrget?%%g%é\grl@?ﬁjéar%lgﬂ%lgt?%{gﬁ? whereel n the
.step of fOrﬂ?s'ﬂﬁnﬂh*.@cbntﬂ@tarmlranmponemﬂmrmaﬁufﬁcmd epppratee evithteg@idt ep of
et chi ng away material fromthe ot Lanar face of the }er tﬁ?%tg?{:: ne

the resili eacluation dEprio: disppsgiet QH&I”F‘ to sgid %”W@Pr%@%% aim
94, wherei naér@%gné(‘? Beflatd HoTeBPedifve chiahbishBDaR deRPMRABRILI tROTPT | ses the

step of dep er etching away material fromsaid one

pl anar f acegsddriatet epsiéntigtddiomeetieahanedl evallal from the other planar face
of the wafer serves define a | ayer of said deposited material as a
resiliently deformable channel wall. 96. A nethod according to Caim94 or

G ai m 95, ‘é‘§§r2\'@e§{on P brfh 'ftb@%nﬁ«\wwHé?éuﬁ&h@btebro?%ﬁﬂﬂﬁ?uﬁ@m@t planaar face

of the waf e the resiliently deformable channel walls serves to
| eave for eashpohentreeimprisesdhe stap offormiog eeplanetwatehand Sidung away

resiliently defor bIe ch el wall. 97 A o dairTi 96,
wher ei n eacﬁ‘aﬁﬁf% o &% Bﬁ’(ﬁ'@ «Eﬁc&n%fth%“@éefr&ﬂt | ;F%)%?gﬁ&f eng tgof t he
associ ated channel. 98. A nethod according to Claim96 or Caim97, wherein

the step of formng the first El anar_ conmponent conprises the fgr%,ger step
of form ng 9 Amnethadiaceardingierlars e wherein the stepddermyao the frsbpigoabs ¢ he

ggs h\rl\ﬁgf o ‘:"?@Q}@%ﬁ l;lhﬁ?rgcorﬁbbr@%ts%g A AERAg b Haldtigl Rbmtheidiker92 1O

planar face of the wafer to define the resiliently deformable channel walls.

95. A method according to Claim 94, wherein the step of forming the first planar
component comprises the step of depositing material after etching away
material from said one planar face, the step of etching away material from the
other planar face of the wafer serves define a layer of said deposited material as

a resiliently deformable channel wall.

96. A method according to Claim 94 or Claim 95, wherein step of etching away
material from the other planar face of the wafer to define the resiliently

" deformable channel walls serves to leave for each channel a push-rod
connected with the associated resiliently deformable channel wall.

97. A method according to Claim 96, wherein each pushrod extends along

substantially the length of the associated channel.

98. A method according to Claim 96 or Claim 97, wherein the step of forming
the first planar component comprises the further step of forming an inferaction

layer bonded to the respective free ends of the pushrods.



formed fromsilicon. 100. A nethod according to any one of Clains 93 to 99,
wherein etching step conprises deep reactive ion etching. 101. A nethod
according to Claim95, wherein said wafer is formed fromsilicon and said
deposited material conprises Si02 or SN. 102. A nethod apaog(jﬁnmaﬁo any
one of Clainms 92 to 101, wherein said second conponent iS through the
repeated fornmation and sel ective renoval of |ayers.

99. A method according to any one of Claims 92 to 98, wherein said wafer is

formed from silicon.

-

100. A method according to any one of Claims 93 to 99, wherein etching step

comprises deep reactive ion etching.

101. A method according to Claim 95, wherein said wafer is formed from silicon

and said deposited material comprises SiO; or SiN. '

102. A method according to any one of Claims 92 to 101, wherein said second

component is through the repeated formation and selective removal of layers.



