WO 2012/ 017248PCT/ GB2011/ 051481 -1- DROPLET DEPCSI TI ON APPARATUS AND METHOD
FOR MANUFACTURI NG THE SAME The present invention relates to droplet
deposi ti omoappanai#ss and to 5nmet hods for manufacturing POTGEIDRISELs1
deposition apparatus. It may find particularly beneficial application in a
met hod for manufacturing an inkjet printhead involving the use of |aser
abl ati on on an apparatus having a pl arlat | ty of chanbers. A typical droplet
deposi tion apparatus construction involves an array of 10fluid chanbers,
each chanber being provided with a respective aperture through which fluid
i s fordH@IOPhEThBE?’&ShT@NGQ«BBA&%TQﬁAN@ MIE-EH@{P FOR MANWEAGTURING A
vari et yTHE SAMEr nati ve fluids may be deposited by such an apparat us:
droplets of ink may travel to, for exanple, a paper or other substrate to
forman image in_inkjet printing applications; alternatively, droplets of
fluid may be usedneoPressii inyeation,relaesdo q*@ﬁa'e@e%ﬁ%'@o%?@@@@t%ﬁw Qctive
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vol tage, Qigfb&strostrictive elenents, such as piezoel ectric members, which
may deformin response to an applied voltage so as to apply a force to the
l'iquid in a chantfetypicsd deoplesdépositidreappa@tus carstyuciion uavdleesrea@srayeyf
i ncrease ﬁhs ressure ir%side a given fluid chanber and thus cause the
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exanpl e by a systemof electrodes, to control” circuitry, so that droplet
deposi ti on from thearety®f attesnatiwedlods mialydak deposited by such an apparatus:
droplets of ink may travel to, for example, a paper or other substrate to form an
image in inkjet printing applications; alternatively, droplets of fluid may be used to
15 build structures, for example electrically active fluids may be deposited onto a
substrate such as a circuit board so as to enable prototyping of electrical devices.
In order to effect such droplet deposition, the apparatus may be
provided with electrically actuable means, such as one or more resistive
elements, which may cause rapid heating of the fluid in a chamber in response to
20 an applied voltage, or electrostrictive elements, such as piezoelectric members,
which may deform in response to an applied voltage so as to apply a force to the
liquid in a chamber. As a result, the electrically actuable means may increase the
pressure inside a given fluid chamber and thus cause the release a droplet of
fluid through the respective aperture. The electrically actuable means may
25 typically be electrically connected, for example by a system of electrodes, to
control circuitry, so that droplet deposition from the array may be controlled.
Oftentimes, a portion of the electrically actuable means, together with
the electrical connection for such means, may be closely coupled with the
chamber array and, indeed, may provide a portion of the walls of the chamber, in
30 particular where the electrically actuable means comprise electrostrictive
elements, such as piezoelectric members. The electrical connectors may
similarly form a portion of the chamber walls, for example by being arranged on

an interior surface as a result of electroplating and patterning an electrode layer.



Otentines, a portion of the electrically actuable neans, together with the
el ectrical connection for such neans, may be closely coupled with the
chanber awoayi2zand4si ndeed, nmay provide a portion of thepraaldBoofosidse
chanber, in 30particular where the electrically actuabl e nmeans conprise

el ectrostrictive elenments, such as piezoelectric nenbers. The el ectri cal
connectors may simlarly forma porti'c?n‘ of the chanber walls, for exanple
by being arranged on an interior surface as a result of electroplating and
patterning an el ectrode | ayer. 2 - In order to provide a
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The nozzle plate component may then be formed from, or include materials that
expedite the formation of nozzles; for example, polymeric material, which may be
easily ablated, can be used for the regions where the nozzles are to be formed.
20 With such constructions, it is possible to form nozzles in the nozzle
plate component either before or after attachment of the nozzle plate component
to the chamber-carrying component. However, it has been found that the
alignment of pre-formed nozzles with the chambers is complex and, more
importantly, generally less accurate than the processes used to form the nozzles.
25 This is found to be particularly the case where nozzles are formed with high
accuracy by laser ablation. For this reason, it is generally preferred that the
nozzle formation is carried out following the attachment of the nozzle plate
component. Nozzle formation following attachment of the nozzle plate
component may also be preferred through the increased mechanical and thermal
30 stability of the nozzle plate component when attached to other components.
Further, in other constructions that do not comprise a nozzle plate

component, because of the high accuracy of nozzle formation processes it is



25This is found to be particularly the case where nozzles are fornmed with
hi gh accuracy by | aser ablation. For this reason, it is generally preferred
t hat the wozai2ifmsnation is carried out follow ng the actradwansigsi the
nozzl e plate conponent. Nozzle formation follow ng attachnment of the nozzle
pl ate conponent nmay al so be preferred through the increased nechanical and
thermal 30stability of the nozzle pl ate conponent when attached to ot her
conmponent s. Further, in other constructions that do not conprise
a nozzl e plate conponent, because of the high accuracy of nozzle formation
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with considerable expense of raw materials and the complexity of the process, any
15 decreases in manufacturing efficiency will be costly.
The Applicant has found that certain classes of defects may be caused
at least in part during the ablation of apertures for the chambers.
Figures 1(a), (b), (¢) and (d) display a cross-sectional view through an
exemplary apparatus undergoing such an ablation process. Figure 1(a) shows
20 the apparatus prior to the ablation step; the exemplary apparatus is provided with
a plurality of fluid chambers (10) disposed side-by-side in an array, and
electrically actuable means in the form of a corresponding plurality of
piezoelectric members (11), which are arranged as walls separating the array of
chambers (10). The piezoelectric members (11) are provided with electrical
25 connection by a system of electrodes (12) formed by patterned metal plating
covering the interior of each chamber. In the exemplary construction, the top
surface of these walls is contacted by a plate-shaped aperture member (13), and
the bottom surface is contacted by a plate-shaped support member (14).
As shown in Figure 1(b), a beam of radiation (30) is directed at the top
30 surface of the apparatus, and thus contacts the top surface of the aperture

member (13) above a chamber (10). Material is subsequently ablated as a bore is



a plurality of fluid chanbers (10) disposed side-by-side in an array, and
electrically actuable neans in the formof a corresponding plurality of
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el ectrical 25connection by a system of, el ectrodes (12) forned by patterned
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damage may result from the beam (30) contacting the opposite wall of the
chamber, causing unwanted ablation or scorching there, as also shown in Figure
15 1(d) by scorch marks (41) on the electrodes (12).
Further, it is also believed that, once the radiation beam (30) breaks
through one wall of the chamber (10) and into its interior, ablation debris (31)
may cause damage to the walls of the chamber by entering and adhering or
otherwise contaminating the surfaces of the interior of the chamber (10). As a
20 result, during use of the apparatus, fluid deposition may be hindered by the
reaction of the ablation debris (31) with the fluid. This may be caused, for
example, by flocculation (for example in the case of gel fluids) or sedimentation of
components within the fluid, or other change in properties of the fluid. Further,
the debris (31) may form a corrosive mixture with the fluid. Furthermore, even
25 before use of the apparatus, it is possible that the ablation debris (31) may react
directly with the materials of the interior of the chamber (10).
Typically the depth of cut into the aperture member (13) is controlled
by means of limiting the amount of radiation energy applied, for example by
limiting the period of time for which the beam (30) is incident on the surface. In
30 some cases energy may be delivered by way of a number of pulses, with the
number and/or energy of these pulses being limited to control the total amount of

energy applied. Such an aperture formation process may be optimised by



Further, it is also believed that, once the radiati on beam (30) breaks

t hrough one wall of the chanber (10) and into its interior, ablation debris
(31) nay wause/dasage to the walls of the chanber by enterigrrommdi4dheri ng
or otherw se contam nating the surfaces of the interior of the chanber
(10). As a 20result, during use of the apparatus, fluid deposition may be
hi ndered by the reaction of the abl atidn debris (31) with the fluid. This
may be caused, for exanple, by flocculation (for exanple in the case of gel
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desi t®d apederate ehe€y beam (or a number of moderate-energy pulses) to remove the
bulk of the material, with a high-energy finishing beam (which again may be
delivered by a number of pulses) used to ensure a high-quality finish to the
internal surfaces of the aperture (16). Such a method is discussed in EP1 393
911B. However, given the above considerations, such a process further
20 increases the risk of damage due to excess radiation energy since the radiative
flux may remain high after the point in time when the beam has broken through
into the chamber.
As noted above and exemplified in Figure 1, since the walls of the
chambers will often comprise portions of the electrically actuable means (11) that
25 cause droplet deposition and/or electrodes (12) used to apply voltage signals to
such electrically actuable means, damage to the walls of the chamber may lead
to the chamber (10) being completely unable to function. It should be noted in
this regard that such components may be particularly sensitive to radiation and/or
heat.
30 Furthermore, it has been previously proposed to pass a coating
material through or over droplet deposition apparatus during manufacture so as

to provide a coating or passivating layer (15) that forms part of — or in some



In addition, sonme nmaterials are found to be best ablated with a 15noderate
energy beam (or a nunber of nobderate-energy pul ses) to renove the bul k of
t he mat erwal2p12irdasa hi gh- energy fini shing beam (whi ch @&gaigB20myosbes1
delivered by a nunmber of pulses) used to ensure a high-quality finish to
the internal surfaces of the aperture (16). Such a nethod is discussed in
EP1 393 911B. However, given the abov® tonsi derations, such a process
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that manyy 8|8y 1akY Vi sG8RtbAtng processes are generally effective at reducing
15 chemical and physical interaction between the materials of the chamber walls and
the fluid within the chamber, they may have a tendency to be less resistant to the
radiation used to ablate the apertures. Thus, the coating (15) will typically
provide little protection to the apparatus during ablation of the apertures (16).
It has been found by the Applicant that, when apertures (16) are
20 ablated in apparatus having chambers (10) coated in such a manner, the ablation
debris (31) and the radiation beam (30) may also affect such a coating layer (15),
thus exposing components forming part of the chamber walls but otherwise
covered by the coating layer (15) to the fluid within the chamber. This is shown
in Figure 2(b), where portions (42) of the coating material covering the floor of a
25 chamber have been ablated, exposing the electrode (12) for that chamber (10)
and thus allowing fluid within the chamber to contact the electrode for that
chamber. The fluid may thus corrode, or oxidise the electrode and as a result
render the chamber inoperable.
It should further be noted that constructions where a coating layer (15)
30 is formed conformally over all the internal surfaces of the chamber (10) such as
that shown in Figures 2(a) and 2(b) may be preferred since the coating process

may be carried out at a late stage of assembly, and thus any dust, dirt or other



processes are known, such as |ine-of-sight deposition processes and
alternative coating materials such as Silicon Nitride may suitably be used.
It shoul dwbeoreatierdst hat, while materials such as Paryl eReTidB2011205€481
typically used in such coating processes are generally effective at
reduci ng 15chem cal and physical interaction between the materials of the
chanber walls and the fluid within the thanber, they may have a tendency to
be less resistant to the radiation used to ablate the apertures. Thus, the
coating (15) will typically provide little protection to the apparatus
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chamber interior. In particular, where conductive fluids are used, these may
15 contact the electrodes within the chambers (10) causing blockages or flow
restrictions in the apparatus owing to agglomeration of conductive particles within
the fluid.
It should be noted that such problems may occur even where the
coating layer (15) is not completely removed, since over time the coating layer
20 (15) may unavoidably be worn away and thus even minor damage causes a
reduction in the expected operating lifetime of the apparatus.
It is therefore an object of aspects of the present invention to overcome
or ameliorate some or all of such defects and/or malfunctions caused by ablation
during manufacture of droplet deposition apparatus.
25 Thus, there is provided in accordance with a first aspect of the present
invention a method of forming a component for a droplet deposition apparatus,
the component comprising an array of fluid chambers, the method comprising the
steps of: providing protection material so as to fill, at least in part, said
chambers;
30 directing at least one beam of radiation at said component so as to form an array
of apertures by ablation of said component, each aperture extending through a

portion of said component so as to communicate with a respective chamber, in



the final |ayer that nust be broken through to formthe nozzle and thus the
abl ation process is nade nore sensitive to excess radiation energy at one
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exacerbated yet further by the use of a high-powered finishing beam as
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conponent amomousi sdidawaay glags @F stichilide ¢hartiayeiick, Atititioneldbe pootectisn ng t he
steps_of: providi ng,lng_rotection material so as to fill, at |least in part,

sai d&hanberalial Sty B GRINage PYAZPUING Farh RRBY NG 6rdehriSsereaietbponent
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aperture extending thr a poftion of said component so as to comunicate
wi th a respecti véSutabiyher chambeM©filed 24t0&Z 248 RETY, GBROirbt &G ibaghateBial
prior to the formation by ablation of the aperture for that chamber. Preferably,
said protection material is removed from a chamber following the formation by
15 ablation of the aperture for that chamber. Said removal of protection material
may comprise flowing a flushing fluid through the apparatus. Said flushing fluid
may preferably be heated and/or may be a solvent for the protection material.

In some embodiments, protection material may be caused to flow
through said chambers simultaneously with said step of forming apertures.

20 The one or more beams of radiation may be provided by a high-power
laser.

Preferably, said protection material is in an incompressible state
immediately prior to said step of directing at least one beam of radiation at the
component. Protection material that does not absorb substantial amounts of

25 radiation may remain in an incompressible state during said step of directing at
least one beam of radiation at the component. As a result or otherwise, it may
provide mechanical support to the wall of the chamber through which an aperture
is formed. Advantageously, the protection material thus reduces the movement
of the wall of the chamber through which an aperture is formed during said

30 ablation step. Such movement may result from shock waves, which, by causing

the apparatus to move, can result in poor aperture quality.



use fluid being rel eased fromsaid chanbers through said apertures in the
formof droplets to be deposited; wherein said protection material acts to
i nhi bit owoege/tnhe wal | s of said chanber during sai dprablGa200ms148md
removing said protection material. 5Suitably, said protection nmaterial may
I nhi bit damage at |east in part by absorbing energy fromsaid radiation.
Specifically, such energy absorption'ﬁhy I nvol ve a phase change of the
protection material. The phase change nay include nelting, which termis
intended to include the transition from an anorphous solid, wax, glass or
such like to a | iRjefefablxdtie protestion matesiabisosaict insnediataly eripato $@ig i nhi bi t
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is filledprefdrabBestll, the prtéction indtdHi L pidfemabipbIViddd 8 aiguidahde _
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15 chamber. This may also enhance the ability of the protection material to
mechanically support the wall of the chamber through which an aperture is
formed.

In order to achieve this, or otherwise, the method may further comprise,
prior to said step of directing at least one beam of radiation at the component,

20 evacuating substantially all gaseous material from and applying a fluid-tight seal
to said fluid chambers.

Suitably, for each chamber for which a communicating aperture is
formed, the aperture may extend through one wall of the chamber, and further
said protection material may fill the chamber so as to abut said wall leaving

25 substantially no space adjacent said wall. Again, this may stop debris from
spreading within the chamber once a beam of radiation has broken through the
wall in which an aperture is being formed, and may also enhance the mechanical
support of that wall.

Optionally, the method may further comprise providing a plate

30 bounding said fluid chambers so as to form at least a portion of said walls of the
fluid chambers. Preferably, said apertures extend through said plate. The plate

may comprise polymeric material, and indeed may consist entirely of polymeric



the apparatus to nove, can result in poor aperture quality. WO
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beam of radiation at the conponent. Mre preferably still, the protection

material is preferably provided as a |jquid and subsequently solidifies.
Protection material that does not ab'sﬂ)bb substanti al 5anpbunts of radiation
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chanber,  giMlaidbith&fein. For this reason, or otherwise, the coating material may be a
chemically inert substance, such as for example poly p-xylylene or poly chloro-p-
xylylene.

Optionally, the method may further comprise, prior to said step of

15 passing a protection material into said chambers, providing one or more
piezoelectric members operable to cause release of fluid from said fluid
chambers through said apertures during use. The piezoelectric members may be
arranged as elongate walls dividing adjacent chambers within said array, the
chambers also being elongate with their lengths extending in parallel.

20 According to a further aspect of the present invention there is provided
a component for a droplet deposition apparatus comprising a plurality of
chambers, each chamber being provided with actuation means, operable during
use to cause a change in pressure in fluid within said chambers, said chambers
being filled at least in part with a protection material comprising a waxy material,

25 wherein said protection material acts to inhibit damage to the walls of said
chamber during ablation of apertures communicating with said chambers.

According to a still further aspect of the present invention there is
provided a component for a droplet deposition apparatus comprising a plurality of
chambers, each chamber being provided with actuation means, operable during

30 use to cause a change in pressure in fluid within said chambers, said chambers
being filled at least in part with a protection material that undergoes a phase

change between 50 and 150°C, and preferably between 60 and 130°C, wherein



said protection material may fill the chanber so as to abut said wall

| eavi ng 25substantially no space adjacent said wall. Again, this may stop
debris frwoemeandsng within the chanber once a beam of prcadiBzdilNF143as
broken through the wall in which an aperture is being formed, and nmay al so
enhance the nechani cal support of that wall. Optionally, the nethod may
further conprise providing a plate 3 Thoundi ng said fluid chanbers so as
to format least a portion of said walls of the fluid chanbers. Preferably,
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Figure 4 illustrates the ablation of apertures in the work piece shown in
Figure 3;
Figure 5 illustrates a method according to a further embodiment of the

20 present invention applied to a work piece similar to that depicted in Figure 3,
where a plate closing the chambers is attached before protection material is
provided;

Figure 6 shows a work piece suitable for use in an “end-shooter”
configuration, prior to formation of apertures by ablation;

25 Figure 7 illustrates the ablation of apertures in the work piece of Figure
6 in accordance with a method according to a still further embodiment of the
present invention;

Figure 8 illustrates a method according to yet a further embodiment of
the present invention, where protection material is provided prior to the

30 attachment of a cover member in a process to provide the work piece of Figure 6

with apertures;



chanber during ablation of apertures comrunicating with said chanbers.
According to a still further aspect of the present invention there is
provi ded wocorpunast for a dropl et deposition apparat usPCOGB22)EI03MHSR
plurality of chanbers, each chanber being provided with actuation means,
operabl e during 30use to cause a changf in pressure in fluid wwthin said
chanbers, said chanbers being filled & "least in part with a protection
mat eri al that undergoes a phase change between 50 and 150C, and preferably
bet ween 60 and 130C, wherein WD 2012/017248PCT/ GB2011/ 051481 said
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Fi gure 3 shows d work”'piece ise i'n a ooter"
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Prior to the laser ablation, a block of piezoelectric material is fixed to
an alumina substrate (14). The actuator member (9) is then formed from the
block of piezoelectric material by sawing a plurality of closely-spaced elongate
channels in its top surface. The lengths of these channels extend in parallel from

15 one edge of the block of piezoelectric material to the opposite edge, so that each
channel has two opposing open ends. As will be described below, the open roofs
of these channels are later closed so as to provide an array of fluid chambers
(10) disposed side-by-side in an array.

Support members (17) are then fixed either side of the piezoelectric

20 actuator member (9), thus completing the construction shown in Figure 3.

The construction of Figure 3 further includes fluid inlet (18) and fluid
outlet (19) ports within the substrate (14) that respectively allow fluid
communication between the chambers (10) and an inlet and outlet manifold in the
completed component. During use of the apparatus there may thus be set up a

25 flow from the inlet manifold to the outlet manifold, through each of the chambers
(10) in the array along the length of the chambers.

The construction of Figure 3 is then placed in a chamber whilst a
coating material, such as Parylene (a tradename for vapour deposited
compounds including poly p-xylylene and poly chloro-p-xylylene) is deposited

30 over exposed surfaces, as shown in Figure 4(a), which is a cross-sectional view

along the length of the channels. This process creates a substantially continuous



Figure 5 illustrates a nethod according to a further enbodi nrent of the 20

present invention applied to a work piece simlar to that depicted in
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chambers (10), ensuring that all chambers are completely filled.

The protection material (8) is allowed to harden and the entire
construction — including the protection material — is planarised, for example by

15 milling from the top surface, so that the top surface is made substantially flat and
some or all of the coating layer (15) is removed from the top surface. Preferably,
only a small amount of material is removed from the piezoelectric actuator
member (9), because of its high cost. A nozzle plate (13), which may comprise
polymeric material for improved nozzle formation, is then fixed to the thus-

20 flattened top surface, as shown in Figure 4(c) enclosing the roof of each channel
so as to bound a plurality of elongate chambers (10) disposed side-by-side in an
evenly-spaced array, with the lengths of the chambers being substantially
parallel.

As the top surface of the construction is substantially flat before the

25 nozzle plate (13) is attached, the protection material (8) contacts the bottom
surface of the nozzle plate leaving very little space between.

Subsequently, a beam (30) produced by a high-powered laser is
directed towards the top surface of the nozzle plate (13) so as to form an
aperture (16) communicating with a corresponding chamber (10). The beam (30)

30 ablates material from the nozzle plate (13), forming a bore; in the process, debris
(31) is discharged upwards in a plume, as shown in Figure 4(d). As the beam

(30) breaks through the nozzle plate (13) it substantially immediately contacts the



150ne edge of the bl ock of piezoelectric material to the opposite edge, so
t hat each channel has two opposing open ends. As will be described bel ow,

t he open woahr/uaf248hese channels are | ater closed so asPCo/gmouimdessan array
of fluid chanbers (10) disposed side-by-side in an array. Support nenbers
(17) are then fixed either side of tai pi ezoel ectric 20actuator nenber (9),
thus conpleting the construction shov 4in Fi gure 3. The
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(19) ports within the substrate (14) that respectively allow fluid
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More specifically, in embodiments where the protection material (8) is a

15 waxy material, a portion of this waxy material in the vicinity of the point of contact
is caused to melt or sublime. The energy from the radiation is thus absorbed and
used to provide the latent heat required for causing a phase change in the
protection material (8). Thus, the waxy material is able reduce the amount of
absorbed energy that is converted to thermal energy and as a result the

20 temperature within the chamber (10) is moderated.

Having broken through the nozzle plate (13), the laser (30) is
deactivated and re-directed at a point on the nozzle plate (13) above a different
chamber (10). The ablation process is then repeated until the desired number of
apertures (16) are formed communicating with respective chambers (10).

25 Following completion of the ablation process, the protection material (8) is
removed from the apparatus, for example, by passing a flushing fluid through the
apparatus the from inlet port (18) to the outlet port (19), and/or by use of the
apparatus to deposit the protection material (8) in the form of droplets. Further,
in embodiments where the protection material (8) is a waxy material, the

30 protection material (8) may be removed by removing the plugs occluding the inlet
(18) and outlet (19) ports, gently heating the apparatus so as to melt the waxy

material , and then allowing it to drain from the ports (18, 19), as shown in Figure



(8) may be provided so that the protection material stands proud of the
fluid chanbers (10), ensuring that all chanbers are conpletely filled.
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bet ween t%e ot t 2>'m of the nozzle plate and the top surface of the
prot ection materiTde furtioTblithe fahing Gaiddaby b t63hysicallpdsptantesthel r om
flooding i ntto the c an‘?f-br 510? nd causin damasge to the interior surfaces
of the  Protection material (by application of pressure) or as’a medium to transport
volumes of the protection material from the chamber or to act as a solvent to
15 dissolve and subsequently remove the protection material. The solubility may be
sufficient that any material left in the head after flushing will remain in solution at
subsequent processing temperatures, and may be removed later in a further
flushing procedure, which may utilise the droplet fluid intended for use with the
apparatus.
20 Figure 5(a) shows a further embodiment of the present invention,
where a construction is provided initially that is similar to that described with
reference to Figure 4(a) but prior to the coating step. In further contrast to the
embodiment of Figure 4, the nozzle plate (13) is attached prior to introduction of
a protection material (8).
25 In more detail, as shown in Figure 5(b), the construction of Figure 5(a)
is planarised, for example by milling from the top surface so that all the
uppermost surfaces are substantially level and a nozzle plate (13) is
subsequently attached.
As also shown in Figure 5(b), following attachment of the nozzle plate
30 (13) a coating material (8) is passed into each fluid chamber (10) via the inlet

(18) and/or outlet (19) ports so as to provide a substantially continuous coating



5chanber. In addition, it has been found that, owing to the sudden
reduction in pressure, the gas carrying the debris (31) fornms a shock wave,
whi ch carworarn#fier4sa | arge anount of energy to the port iPOma&GBE2D1Wd5E481
apparatus near to the aperture (16). The protection material (8) provides a
| evel of nechanical support to the nozzle plate, thus reducing the effects
of such shockwaves. 10The | aser beanT?éO) heats protection material (8) in
the vicinity of the point of contact; the protection material (8) thus
absorbs the energy fromthe high- pomered | aser beam (30) and further

assi st s ilaypr ENomveninteaenyefanesaithegonsirueiion atdrin aréaanaeesh ditid he
fluid chq?§§r$ # Q% More specifically, in enbodi nents where the protection
mat eri al ¢ % Bwaxy material, a portion of this waxy naterial in the

vicinity of the mibseqaén prgsa@towmrplal aeéi5(c9 avrdtebtiors HHten®. (8], ricaner gy
fromthe radiation is thus absorbed and used to provide the |atent heat

requi red @adthecwaxy mptarighieseribpd mge neferenee e igteidors imtoguced intgythe Thus,

t he XYy I n t is
oy IRy poBllehyf SER RS AR 0PSSBT B BT IR! 5
chamber (é@ureSh@nﬂerf@ﬁcﬁdhambers (10) arigconpldtenkitiedtduringathis p@ceegzthe pl ate
(13), the laser (30) is deactivated and re-directed at a point on the

n(ﬁzzl e pl FRRATAILS) MAY HEAEANGTY &0 Kt thp aHpbelrate(04) anhénla 1&)@@@ %’rt@tgess i's
communt ot o golRdre ERIAER Y ERfLl Talarts pRETALBRRAA LS R T o1 (e

abl ati on ¢hamckss, (10h&> fnr ottem;: anthisstegedle d&irdbse oerrecz@aa‘ry toragitete the

apparatus, for exar’r}a) passing.a flushing fluid throu t he appar at us
the 19 om @W%ﬁtlﬁoﬁ‘ %i‘Bfe 6V$ FRMBINN%EPOPS S o?w)wﬂ%meoap%@r e of the

appar at “%Fté’rn%ﬁ@%? fhetml‘ﬁwﬁgﬁ%c%t%ﬁ' é&rote Iéé’é uh8ér bébL{dﬁ?g{-PédUc%fd dropl et s.

Further, ine hent's tion nafer 'S a waxy
mat er i al , pressu@0Opfiod edet (d8) amteutiet p683 (TBymbe thembe eludyged sorasitmgeahe

o oS e e e il B
fromthe poLliswéd & hél%)en 86th tin Figure - 15 - 4(e). Additionally, or
i nstead, waxy materials e rem)ved by passing a hot flushing fluid
t hr oligh t he appari:ailomr@tfwefsdbmg bétheadpparatus with the protection material (8),
apertures (16) may be ablated in the nozzle plate (13) by applying the beam of a
high-powered laser (30) at the top surface of the nozzle plate (13), as shown in
Figure 5(d). As described with reference to Figure 4(d), the protection material
(8) absorbs energy from the high-powered laser beam (30) and thus prevents
20 damage occurring to the interior surfaces of the fluid chambers (10).
Once the ablation of apertures (16) is completed, the inlet (18) and
outlet (19) ports may be unblocked and the protection material (8) removed in a
similar manner to that described with reference to Figure 4(e) with the protection
material (8) being drained, as shown in Figure 5(e).

25 In an optional modification of the embodiment of Figure 5, the coating
material (15) may be applied prior to attachment of the nozzle plate (13), as in the
embodiment of Figure 4.

Constructions, such as those depicted in Figures 4 and 5, where an
aperture (16) or nozzle is disposed at one side of the chamber (10) with respect

30 to its length are typically referred to as “side-shooter” constructions. It should be
appreciated that the present invention may equally be applied to the manufacture

of apparatus having elongate chambers, where an aperture or nozzle is formed at



Simlarly to the introduction of the protection material, the flushing
liquid (hot or otherw se) may be introduced into the head fromeither inlet
or 5 outwetizna4say | eave the head through either outlpetr/aB20imisetsiand/ or
the nozzl es. The basic requirenents of the flushing Iiquid may include:
conpatibility with the apparatus or printhead (does not attack/danage the
head); and solubility of the protectTéﬁ'naterial in the flushing fluid, or
mscibility with the protection material substance above the nelting point
of the protection naterial_gniscible enough so 10t hat aggl oner at es of

pr ot ect i cPnNerand of al chaneberovitl tespedt twith lepgkhtehqpansiigcons achtypisely) . The

f ti fo 1 | ' i dh t hysi cal | ' . h tecti
mater i al TSRS PEariGanartss e SR el B Rt BB Bor Vol umes
of the protectionnimd evhstrudtioddtFIguRNEeBIur ity 0P cREANES (ROPRAWEPEeh O
15di ssol ve and subsequently renove the protection material. The solubility

may be su$awrirethe topaurtase ot lprkof pigzoelestig@atrrial (9) tree SMildhi ng wil |

omovad 15eERY tothef e SotiRRN e RESRERLAGVIS BN RS o R0F cLB¥o RS
dropl et fiownddiintiesndeastfudtionsst Figlire 3 owapear thielshandefs farned 5t #e &Jpows a

further enbodi nent of the present jnvention, where a construction is
provi ded $ufaGe0f ti?etbr‘@&‘k plspigzaelpalrict(§) imbigusr 8 da mRiEXieRdh froet epe gEEet o

Fi 4 i t ' I ; toth
enbod mov” b oK todhs' e fdea ath thafne! Mobg ShOTiERAGRRY 1D 1 1
i nt r oduct tealoictibn én geptheattd cmanradl ésingihafi@) poiwinn(10b) at ded¢ @nd,of@achhown i n

Figure 5(b), the construction of Fi gure S&aéai_s pl anari sed, for exanple by
mi [ 11Gg fetaanehevhiththepthaeend 8f thesehannel {h@akis erost surfaces are

substantial l'y Iewgl&%ﬁé;rgngrpgg@(gligkﬁérﬁa&&é%ed h4I8E ufLe b 81 %gﬁgge

As al so shown in ow ng attachnment o e nozzle
30(13) a pieavelegtricanataral (§)qpttashpasssitownby |e@eharfdwiind Fghaet®dr (10) vi a

cont 1 nuoL & STy SRS UISPBYT KriohiherBornrssBa ¥ piyide 31 artay of Y

elongate fluid chambers (10) arranged side-by-side in an array, the lengths of the

15 chambers extending parallel to each other. Optionally, prior to attachment of the
cover member (20) the top surfaces of the piezoelectric block may be milled so
as to make them substantially level. The cover member (20) comprises a port
(21) to which a manifold may be connected, enabling fluid communication
between each chamber (10) (via the channel termination end) and the manifold.

20 Further, a blank nozzle plate (13) (one in which no apertures have yet
been formed) is attached to close the open ends of the channels (10a). Figure
7(a) is a cross-section taken perpendicular to the length of a chamber (10),
clearly displaying the open end of each channel (10a) now closed by the nozzle
plate (13) and the channel termination portion (10b) at the opposite end of the

25 channel.

Subsequently, as shown in Figure 7(b) a protection material is flowed
into each chamber (10 through the port in the cover member (21). Care must be
taken at this stage to avoid air-entrapment within the chambers (10); the work-
piece may therefore be agitated at this stage to remove pockets of air. If a waxy

30 material is used as a protection material (8), it is allowed to harden at this point.

As with the embodiments of Figures 4 and 5, it may be preferable to allow the



| ayer (15) over interior surfaces of the construction and, in particular,
each fluid chanber (10). Subsequently, as shown in Figure 5(c), a
prot ecti onOorrat2anra8 (8), such as the waxy naterial descPchaB2oitdsi4sef er ence
to Figure 4, is introduced into the 5interior of the apparatus via the
inlet (18) and/or outlet (19) ports. Ig order to ensure that the fluid
chanbers (10) are conpletely filled dll ifng this process, the apparatus my
be arranged so that the substrate (14) and inlet (18) and outlet (19) ports
are orientated vertically upwards and thus gravity will cause the chanbers
(10) to fe¢hamberns (1RYtameompiedelyifill yetrperaiestionamaterial (Blesetheithereds agigait e t he

10apparat Us_so t.o.re e_remaini pockets of air within the apparatus.
Al ternati e?@p,c_eﬁieeh"ﬁ? Ffp%ﬁézﬁ%@@%&?ﬁﬁgy t ake pl ace under vacuum or reduced
pressure. The i ningxt(dSshawd iPFidure 706, bhigh-Pbwerd 1dwen (86) iBldieasst 50 as to
seal the protection material (8) wthin the apparatus. If a waxy materi al

i s used, e frafy face af theweerde plede 63  as ko Brijvemepensro(1B®r? the filling

B P G e R R A A T S
| aser (30jepebtddgs tepireditd acat®bntdeaysizagertupbal 86 drayidimpflgidown in Figure

5(d). As described with reference to Figure 4(d), the protection materi al
(8) absor BYMBEREIGRIION WA taseeRiivthchameeed(10dser beam (30) and thus prevents

20d i - j . i b 10) .
Cnco the abl at1 of PRt Mitiof by bEAaEE18). O ToRt T RIRES e °Li |
(19) por tandraycasseithel prokestioantatehial (8)dbetainasutivid te port (Bhe eomeved i n a

simlar manner to that described with reference to Figure 4(e) with the
prot et i omembee(2hl apdusiated iniFigured (dashs Hbﬁmbpﬁ'rwrﬁﬁﬂgssw%%d abgy®, an
opti onal L ELcat - kien i etnkﬂtff HAG erial
(15) may @%&%E@E@Qc}ﬁ?@g@ &%ygﬁggﬁﬁeﬁhpr g{terﬁ?g\}%lgz%% p aé'[\ogg% gg\?”d?;és in the
enbodi nenfluskiing-flgidrtaraugh the apparaOsresid/orchy aotvatsgche appohatss tdepuse ed i n

Fi 4 d 5, wh 1 | i dj [ t id
ot Ot he e i o B98¢ Cosytibo B TSRl e SbB BT R Faer s o
to as "sige«sRRRERAIis Egéé%rsl%cbr‘tgﬁé‘&ion' rhagé?@uk@b, hfe sﬁ%@msa&n%q deidatble

present invention may equally be applied to t'he manufacture’of apparatus
havi fy el amijat e heladedushingfileickemary tepeatilisede or nozzle is formed at - 17 -
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Figure 6.the present invention where protection material (8) is introduced into an “end-
shooter” construction similar to that shown in Figure 6 before the cover member
(20) and nozzle plate (13) are attached. Instead, a releasable plate member (22)
20 is attached to the front of the block of piezoelectric material (9) to close the open
ends of the channels (10a), as shown in Figure 8(a).
Subsequently, as shown in Figure 8(b), the channels (10) are filled with
an excess of waxy protection material (8), so that the protection material (8)
stands proud of the block of piezoelectric material (9). The protection material (8)
25 is allowed to harden at this stage.
The entire top surface of the construction, including the protection
material (8), is then milled, so as to provide a flat top surface, to which a cover
plate (20) such as that shown in Figure 6 is attached, as displayed in Figure 8(c).
As also shown in Figure 8(c), the releasable plate (22) is removed and replaced
30 with a nozzle plate (13). Subsequently, apertures (16) are ablated in this nozzle
plate (13) and the protection material (8) drained, as described with reference to

figures 7(c) and 7(d), thus providing the construction shown in Figure 8(d).



In the construction of Figure 6, a plurality of channels (10) have been
sawn in the top surface of a block of piezoelectric material (9), in a
sim | ar Swerrnexoirmst hat described with reference to Fi gece/GR201wseasmt r ast
to the channels fornmed in the construction of Figure 3, however, the
channels fornmed in the top surface of {he block of piezoelectric (9) in
Figure 6 do not extend from one edge'6 “the block to the other; instead
each channel stops short with a snmooth reduction in depth at a channel

term nation portion (10b) at one end of each 10channel, while the other end
of the channel (10should bepwied that a block af piszeelaatibmmatérna)having hen at t ached

to the t f f. 1 ' lectri terlal h t
shown by T ST B RS REeolEA BB TR GolRisTl adoen btk Fops of
t he channgich a9ths shewprin\Figleread—anappe dbrree® roabariélywfdvaanbgures( 10)
arranged si de- bﬁ:aSI de in an array, the Ieng{t hs of the 15chanbers extendi ng

paral I el 9@)c¥U6napdiiée) illapraternnd partipriapmealboa iy axhsie stco@ klaek ebver nenber
(20) Eg%'gg‘%@?é&?ﬁﬁ?ﬁeﬁaf Fj\% l&%&%ld_ectrl c block may be milled so as to

make e cover nenber (20) conprises a port (21)

to which a nmani fCﬂigbr@@(a?:éh@wg@e\ﬂéwdrorﬁ@@bk/é@ggérieﬂamy prImam bicbktafon bet ween
each chanber (10). (via the channel term nation end) and the manifold.

20Fur t herRiegoglegliie matesiat (P apd illusypteradicing Ralter (R, Agetaimeay Reve yet

been for ! : : n : (:10a) .
Froure. 7(2) ek Oy EYBELRMd FitBghaa® SRE AT ot el TAR 72 5
chanber (rh@ge icteatdysulfaq afythedlddleobpienoevdtricf mateial (ameels idibk) innow
closed by the nozzle plate (13) and the channel termnation portion (10b)

at tH: opp@sreeI@N@nso(Ehaviiet RemFrspeciively a crosgiseHoR@INMeY (8N shown i n
igure T(BmRnBIAIR I A8 BRIRY bils (52) BhauRsbRERCAER, BiepRaiiol dts! Nt ouah
t menper . re en at

;
the port Tn e cover nmust be ta I's stage to
avoi d ai re2ndoamrextend fully throlighdheivheoks s6 193t thehdomookepitepeeday t her ef ore

be agitated at thjs .stage to renove pockets of air. If a waxy 30material is
used as aC W&ﬁ@dﬂfﬂ%ﬁ?&%& (8), it is allowed to harden at this point.

tAf]eW' th the emboNdHESShBWnFihFGERsDEND(B) ahd o{BYa S6patath§cabls)to al | ow

15 across the block is made at an angle to, or more preferably perpendicular to the
plurality of parallel cuts (52). This separating cut (51) divides the block of
piezoelectric material (9) into two smaller blocks (9a, 9b), each having a plurality
of channels extending from one edge part way across that block of piezoelectric
material.

20 The thus-formed blocks of piezoelectric material may then be filled with
protection material as shown in Figures 7 or 8.

Alternatively, however, the protection material (8) may be introduced
into the channels prior to the carrying out of the separating cut (51). In more
detail, Figure 9(d) shows a cross-sectional view of the piezoelectric block (9)

25 immediately following the making of the plurality of parallel cuts (52), the view
being taken perpendicular to the parallel cuts (52) so as to show the thus-formed
open-roofed channels (10). Protection material (8) is then introduced into the
channels (10) as shown in Figure 9(e). Preferably, an excess of protection
material (8) is used as with previous embodiments so that the protection material

30 stands proud of the top surface so as to ensure that the channels are completely
filled.



WO 2012/ 017248PCT/ GB2011/ 051481 - 18 - chanbers (10) to conpletely fill
with protection material (8) so that there is no gap or space behind the
nozzl e plwobeo(218y248 Next, as shown in Figure 7(erI/GB2biigisigsower ed

| aser (30) is directed at the front face of the nozzle plate (13) so as to
forman aperture (16) for a 5correspo &i ng chanber (10) by ablation of the
nozzle plate (13). This process is rég ated as desired to create an array
of apertures (16) providing fluid conmunication with respective chanbers
(10). Followi ng the ablation of apertures (16), the construction is
inverted and to dégseonsticienimeay ihen bapenassed 85 showdr iaifrigeigt 9(), Zort he port

emhoa merPeBREH U 5bTEhe B suPEehThA b e RC oM n, o

al ter nat i yekection rmarriee (8)prolidevd Bdostahtiaighplagaf top sirfdbeough t he appar at us
and/ or by actlvatls(r;%pthe apparatus to cause thedgrotectlon material (8) to

be deposited as dyoprawrin Figueert@i aseparating eut{Shaisthaaneadept argladed as a

P ot OOy ity kP eaPIS n L, BB EORIEDS 4 B o

fl ushi ng u i'Sed.

accor di ngdivieleythe meioglédteic biotko@i irtottwofsndlker eSS piexssedtao nidteriel
protection material (8) is.introduced into an "end-shooter" construction

simlar t9aRad Yab@achhavingchanalef f)dhahextend dompere@ddemt tieawayzz| e
| at 13 . I ; 20i
P Eached 190pR IapREye IqiebERbes ol b OO & doAdtedENTARAE0 S0, e

t he open witshe@thameels bamgefilked W@ protastisiovatetial (B).gure 8(a). Subsequently,
as shown in Figure 8(q%£¢ the channels (10) are filled with an excess of

waxy!Prot ect i on redrosgction)matssial kfakis PRfeFRRlY Satpem IRl (8) stands
roud of ; | i ' ; r ' rial
(8 2515 ATCAAal T eBRERPTIsEPRNL beftie e Sepdrdting HIF e AR SoTRACT e
of the cothgtprotddtion, matecibLi@)mgay be retairiextwitbin thetolianakls((@)) in thet dieidenti | | ed,
so as to provide a flat to urface, to ich a cover plate (20) such as
That  showblopks Pl gzacBers Beletan i, oy’ W Bpig desenrielal s DS Ae - al oo
shown in FigdkiRnGhsle iaﬁ;@if oG AUABLE, B8 BliGwédd hbRygremoved and replaced 30
with a nozzle plate (13 ." Subsequent’ly, apertures (16) are ablated in this
nozz1® pl at e (13)Whitelnohshqwiot &coatrg metetialahay 8ptiomnallyneel ptilsseddescr i bed

e B TS EmBbSIm NS of FBureb 13 BEPY! FriFcd i F QR ot on
may be introduced prior to attachment of the cover member (20) and nozzle plate
(13), in a similar manner to that described with reference to Figure 4, or it may be
introduced after, in a similar manner to that described with reference to Figure 5.

20 It should be noted that “end-shooter” constructions have been
proposed where a flow may be set up from one manifold to another along the
lengths of the chambers in the array. This may be accomplished by an array of
small supply channels (23) extending perpendicularly to the lengths of the fluid
chambers (10).

25 In the example shown in Figure 10 — which is substantially similar to
the construction shown in Figure 6 apart from the presence of a plurality of such
supply channels (23) — each supply channel (23) is aligned with a fluid chamber
(10), the supply channel (23) communicating at one end with that fluid chamber
(10), and at the other end with a fluid supply manifold. There may therefore be

30 set up during use of the apparatus a flow of fluid from one supply manifold to the
other, via the supply channel (23) and the fluid chamber (10). The supply

channels (23) may be formed as grooves in either the nozzle plate component



- 19 - It should be noted that a block of piezoelectric materi al
havi ng channel s that extend fromone edge to a point only part way across
t he bl ockweo 28120788 t hat shown in Figure 6 - nay be for metd/dBrom/osausiet y of

ways. Figures 9(a), 9(b) and 9(c) illustrate one particular nmethod by which
such a bl ock of 5piezoelectric materiéll may be formned. Fi gure
9(a) shows a view from above a generafly planar bl ock of piezoelectric

material (9), and illustrates a dicing pattern (51, 52) that may be carried

out by a di anond mgpe gnated saw. A plurality of parallel cuts (52) is nade
in the tod330rinthe eretaiéhebiack affpignasienitie matedalni@).cor ky anppthess i s

vi sible I?‘f'%%}ﬁ ﬂl\%rai‘é, 9(b) and 9(c), which are respectively a

Cross-sec taken perpendicular to the parallel cuts (52) and an

i sometric view tReupRatdrtruetds, it ad) béappricisst enst pratdctiohhnakgial tde
bl ock, so that they form open- top ed channels (10) in the block. As also

shown in maglheef@vg%%ﬁlong(aﬁlr@m p@UMO ll thepehrambers () befors abktioness t he

bl oc r o the

ol ur o7 1 1y e gar afiee e G s eiplifed Wi FeRPao T PRDAS 748 882 the b1 ock
of pi ezoetatibdiout witaritratedu@kdirRkamfithe ferfmdtioproftdioplskdt® awikPplo theaftdw havi ng
a plurali t]y of channel s extending fromone edge part way across that bl ock

of pi ezoePlIPIgaoRdNaterial throwaheaeh ggameemetP)bl ocks of pi ezoel ectric
material my thep,he ni%rlérg%‘%r#}eQHQESH%t'ht?&ldmtaeﬂdtv%lar@?&?@ﬁ% Vbl?‘é@)t%ur es 7

or 8. Al'ter rotection

i nt roduceah lrmet0(18mendlmmnﬁlei port (09) tar ashua thaerenybotiment odbFigune 19emitha | ng
cut (51). In nore_detail yn%gre % hows a cross-sectional view, of the
pi ezoel echAInPet 621 LS suep! anae' It 3} dhersnay berret W Gihe aRlalignir al ity

of paral | gl,-gul c(o%%huou O\XI' cﬂ@n?ﬁé‘t‘éﬂalﬁﬁ?&@ﬂ!h“eﬁé arhfst %l?%ﬁ’" el

cuts (52) so as to s owt e ornmed open-roo nel's (
Pr ot ectloassrmtlarUaMylr{gB:)waysbbﬁedeh)mﬂ andlheedfromtoetettdzataﬂrapmless(10) as shown
in Figure 9(e) er abl

with previous enﬂ'& 'ﬁﬂ‘(ﬁys)(@%s?qg%(t?qerﬁ%‘ag? 5‘5 g&éfﬁ%“%@?g[é%(r%vseﬂﬁﬁg gfs
the top syafiRE8amf FathivhiBR T8/ lSed fstink BE dEPESNSH SIuRf GurkyTRs&€betne

15 apparatus. However, the use of ink or deposition fluid paths may be indicated
whether a continuous flow of protection fluid is provided or not. Nonetheless, it
will be appreciated that where ink or deposition fluid supply systems allow for a
continuous flow of ink or deposition fluid such a continuous flow of protection
material may be particularly straightforward to achieve.

20 Further, with such a continuous flow of protection material (or indeed
otherwise), it may be preferable to maintain a negative static pressure in the
protection material within the fluid chambers of the apparatus during the ablation
process. Negative pressure (lower than the pressure of the atmosphere exterior
the apparatus) may ensure that the protection material remains contained within

25 the chamber when the ablation beam breaks through into the chamber. It is
noted that control of ink or droplet fluid at negative static pressures may be
afforded with existing fluid supply systems, so that such systems may be adapted
to provide a similar effect for the protection material.

Whilst certain of the above examples have made use of a waxy

30 material as a protection material, this is of course not essential to the operation of

the invention. The protection material may indeed be a liquid, gel, amorphous

solid, glass, crystalline solid, or indeed in any other appropriate state.



filled. WO 2012/017248PCT/ GB2011/051481 - 20 - The construction
may then be planarised as shown in Figure 9(f), for exanple by mlling from
the top swofarwismst hat the piezoelectric block (9) andrpraBoetismsmat eri al
(8) provide a substantially planar top surface. As shown in Figure 9(g), a
separating cut (51) is then made at aggle to, 5 and nore preferably
perpendi cular to, the plurality of paféallel cuts (52), so as to divide the
pi ezoel ectric block (9) into two smaller blocks of piezoelectric materi al
9(a) and 9(b), each having channels (10) that extend from one edge part the
way across the rdspéttangemeaips sineredds desirethéo bave Rcoptingdes ewedftri c

(3) " 1oreSfrspRurpBiraluio i B el Biuna ittt s Sg i For °

subst ant i gefferabRete@iiRel NprOtSETRH inntdiRd gt i§ RaiRAPSF algengltGhay alsb)bé s nade,
so that the protection material (8) may be retained within the channels

(10) in threfered thad suchkatestionineatedalaentaias imathés state dueng gblatioprnce a waxy
mat erjd al | r ti terial (8) it may suitably be allowed to
har deén. 1 %’rﬁ%@cferg%%mﬁaes% d(::oa hg material may optionally be utilised in

conj unction with Suuh #prsrdisgenayp befbeniegtiness t.cah BadaPiedldutat tmat i ng
mat erial nmay be introduced prior to attachnent of the cover nenber (20) and

nozzl e plgMPgrasyes pRAQr§yithousR flushing step te Ramovedke PraCien Mateiar dsce to

Figure 4, i y i L - Sl [ ot

descr i bed AreioolBLa SISO HEEtcREh el Bl it ol uEFONEKiah biet

" end- shooflgd 'supplyssysterhs calthduawet Beste tiogtdssemel @uiel sudplpeystemshmighet up
fromone mani fold to another along the | eﬁst hs of the chanbers in the

arralp_ Th@@%}P%QS%%Wr?W WXy Pratec nmatgﬁghs_} supply channel s (23)
ext endi ng per pendi &bkl ok ey SGbI Aot UdloEhBBBRI Rr0D) . 2511

t he exanple shown 1 n Figure 1 stantialTy simlar to the
const r uct protectivovmateniaFigextEbb agqpeade ¢hranget iheepp@santoethefappliphtiorabf t y of

such supply.channels (23) - each supply channel 3) is aligned. with a

Lo o P bitio OIS phBSE chalas BRIy g oy ermRs e B ROt S En e i t h

that fl ui@o,ﬁa&q%qg V\(i%ﬂ% théShAbet he other end with a fluid supply manifold.
erefore be

There may t 30set up during use of the apparatus a flow of fluid
fromM®ne supply rm@idtidion, boatieérmativélyy thevpratediensupidrial oteynurederg@®) and t he

ei ther ‘1 MRS, ST1G5 00 S SMBLeReT 0D Beas D Fhptan Eap0sy DseoRiy S "
at a temperature moderately in excess of room temperature. This allows the
protection material to be introduced and removed easily in its low-viscosity or
liquid state by gentle heating of the apparatus, or by flushing with suitably heated
20 fluid. In this way, the temperature increase required to cause the phase change
is unlikely to damage any of the sensitive components of the apparatus.
Appropriate protection materials may comprise waxy materials, such as
2, 6 - Diisopropyl naphthalene, for at least the reason that they exhibit such a
transition from a very high viscosity state at room temperature, to a low viscosity
25 state at temperatures moderately in excess of room temperature. As will be
discussed below, protection materials may of course comprise other waxy
materials, such as paraffin wax.
In particular, it may be desirable that the phase change occurs
between 50 and 150 °C, or more preferably between 60 and 130 °C. The
30 exemplary protection material mentioned above — 2, 6 - Diisopropyl naphthalene

— exhibits a sharp decrease in viscosity at around 70°C.



- 21 - (13) or in the face of the block of piezoelectric material (9), or
by any other suitable neans. In such a construction, it will be appreciated
t hat protwotzominaserial (8) may be flowed al ong a sim lpar/geeothi/asossiii |1t he
chanmbers (10) before ablation. 5Thus, a simlar nethod to that described
with reference to Figure 7 may be car&%ed out, but with reduced risk of the
formation of air-pockets owing to the“Plrow of protection material through
each chanber (10). More generally, where the constructions above
are provided with both an inle and an outlet port (19), or as in the

t
embodi ment of Fi gbwél beappieciated %YG @36 akiped in (213t Hat Oih@ﬁm?aﬁﬁéﬁmel S

br ot bct i oroaT e Pop et by na AgSogRbESedrrd SRmBtaig iRt Bifpling

away bot hrHé@tb’gySmé?%ehﬁﬂl%eﬁ aHTel DA dePhighi ghizaptoagRidns becbMessigaicatthe
protection material may be introduced and/or renpoved via the sane path

whi ch is lgsediscersi IEIQU@HVMBW@FQ)W&NGGWV&@ inipdysed @gndinganovsgdpar at us.

Howey, irnu%é}glcgfgov%téﬁ#ggé% i@ﬁﬁ@%hgﬂlcgf\?\b%tﬂﬂt hs may be indicated whet her

a con urd s provi ded or not. Nonetheless, it

will be appreci at/titidradlywoensy balreferatdoas 4 pesteétion thasenlty beysHosen al | ow
for a continuous flow of ink or deposition fluid such a continuous fl ow of

prot ecti o aRsOEIaNge Wity thewigxelenstl aF wavelepathshefiradiation uthsed in thee,

20Furt her &% %? i ndeed
ot herw se?bl}gllh{)#r%ay e pre gélgg&éﬁ}%b%ﬁ[ogﬁga&%w &H@E g.tEHII é|o1jr essure in
the prot eatsarbaned et sudh watélengthsethbih wiskvtierstieits am‘sotpbtmnaspm:tranms during
the abl atjion process, Negative pressure@%l ower, than the pressure of the

at rm%Q)herMOé@(?@@?'B?a'{yhét Spxicanad ynakdje atieivation RFovided BV&?%@fQ%ﬁt'%t eri al
i ough | RS ahieRaL 0 AFETELRT Han pIRAITPERIal PODTERS IR (1w

at negat |t\han5anata|nd gillenerer preferapybe0Q0 fimed epfeater tharxaist iAfigrridtiviety, ouppl y
syst ens, be adapted to ovide,.a sim|/|ar effect

hat such s st ens
for the pRd! Ee@,. (5 IRl Mool DBy KBV el M RSO EoR SRAEIEE nave: made
use of ‘2 W ST AL A oferRioF e %.mreralnalpre%é?éayw.tmﬁ ae not

essenti al t o t‘he operation o
15 This peak in the absorption spectrum may be a major peak.

Further, while certain materials, such as 2, 6 - Diisopropy!
naphthalene, may exhibit desirable radiation absorbing properties and also
desirable phase-change properties, it is possible to combine materials with
desirable radiation absorbing properties specific to the wavelength of

20 wavelengths of radiation utilised, and to combine such a radiation absorber with a
further component to provide a protection material which exhibits the desired
solidity or viscosity.

An example of such a combination would be a mixture comprising
carbon black and paraffin wax: the carbon black acts as an effective radiation

25 absorber, while the paraffin wax acts as a carrier and ensures that the mixture is
highly viscous at room temperature but of suitably low viscosity with a moderate
temperature increase that it may be easily introduced or removed. Equally,
where a liquid radiation absorber is suitable for the particular wavelength or
wavelengths, such a radiation absorber may be mixed with a solid gellant to form

30 a protection material in a gel phase. By appropriate variations in the ratios of
components within the mixture, the phase change may be set to occur at a

desired temperature.



the invention. The protection material may indeed be a liquid, gel,

anor phous solid, glass, crystalline solid, or indeed in any other

appropri ave 2et2atiee4s WO 2012/ 017248PCT/ GB2011/ 051481 - 2PCT/GB2011/051481F0r
arrangenments where it is desired to have a continuous flow of protection
mat eri al through the apparatus during.the ablation process it may be
preferable to utilise a protection mafdrial that is a liquid or a gel. It
may al so be preferred that such protection material remains in this state
during abl ati on and 5does not undergo a phase change. Such a
process may be bdngtecisgitable matecials Wil kepppagndia tgr@tskiktﬁd persear dtair es

d/ i | i. : t t tectj mat er.i al ted
sbove. a pratpa’uelEi ST hEr i o Fob i BB sBthine R ™ ©
dropl et fliglhg asp@lre SySE mRr afttaheiditiont absorbet, ediduidtadigtiomebsorfderi d
supply systens m ght 10equally be used for introducing WaXét protection

mat eri al smay be used omés gue@ siesifis, eXxamplgypeing dstseprempNapatialene be

pref ef abl g _. - otection material to exhibit a phase change in
respgénse @'&gﬂé&%@% ?'cati on of radiation. This phase change may draw energy

away from the nomngoreegeridraMg the mpplieattsewisdyes thhethehelibeing diidmicardi ti on,
or alternatively, the protection material may undergo a phase change from a

solid or WRYIHEJVE AS AR aAe £adigtian RPERibErd for kangesshiffergnét ate at a

t enper at %5v&§ﬂ§fh%tely in excess of roomtenperature. This allows the
protection nmaterial to be introduced and renoved easily inits

| ow-viscosity or liquid state by gentle heating of the apparatus, or by
flushing with suitably heated 20fluid. In this way, the tenperature

i ncrHase #84lliisRropy '%%QEQE”@H@ phase change is unlikely to damage any of

t he sensi &ii-i¥8p@§2}5ﬁ’£‘@r%§leﬂb (mfe@%méggs. Appropriate protection

mat eri al s may rrse waxy mteria uch as 2, 6 - Diisopropyl

napht hal eaerjdif@r at | east the reason that they exhibit such a transition
froma verg/ hi gh viscosity state at roomtenperature, to a | ow viscosity
25state af ARSRPY SP0PER S nderatel y in excess of roomtenperature. As will

be di scussedbe 108 - DBt ofif conpri se ot her waxy
mat eri al s?’%gﬁfb:fbg?egg[ﬁ#e?l?lﬁ@gxméwl Pt I noglérrnﬁ}ﬁéglﬁger); it may be

desi t@bl enaptdhalene; phase change occurs between 50 and 150 C, or nore

pr ef erabldg/ Betweer_l 60 and 130 C. The 30exenplary protection materi al

ment i oned®¥BRENE 2 6 - Diisopropyl naphthal ene

perylene;

benzo (a) pyrene;

Tinuvin 360;
20 Tinuvin 328;

carbon black;

titanium dioxide;

tert-Butanol Cresol 2,6-Dimethylphenol tert-butyl acetate;

octabenzone xylenol tert-butyl peroxyacetate 3-trifluoromethylphenol 2-ethylhexyl
25 p-methoxycinnamate;

isoamyl p-methoxycinnamate;

2-phenylbenzimidazolesulphonic acid;

3-(4'-methylbenzylidene)-d,l-camphor;

5-tert-butyl-2-methylphenol 2-phenyl-2H-benzotriazole 2-methyl-2H-benzotriazole
30 2-methyl-4-tert-octylphenol benazol p 2-(2-hydroxy-5-tert-

octylphenyl)benzotriazole 4,4'-di-tert-butyldiphenylmethane 2-amino-4-tert-

amylphenol 2-(5-tert-butyl-2-hydroxyphenyl)benzotriazole octylphenol 4-tert-



- exhibits a sharp decrease in viscosity at around 70C. WD

2012/ 017248PCT/ GB2011/ 051481 - 23 - It will be appreciated by

t hose skiwbedin7i4ee art that other nmeans for achi evi ngraTmsR/Shsnge nay
al so be utilised. For exanple, fluids with conplex rheol ogy nay be utilised
whi ch under hi gh shear conditions becgne significantly | ess viscous.
Equally, particulate natter may be in Poduced and renoved by 5application
of hi gh-frequency mechanical vibration. Additionally, it may be

preferable for a protection material to be chosen in accordance with the
wavel engt octpiohaaok Retgneiylenebisip-42h-benaeiriazokd-vihd+(hd 3Bt at i on process.

Accor di ng| r Lon material nmay exhibit a higher absorbance at
such mvgﬁ%@aﬁ%@y@.@ﬁﬁ@%gg@here inits absorption spectrum 10More

speci fi cap bymdthyleRelsiBj6-Greedtridral-2t1p4 abitewaphemolpr ovi ded by the
protection material is at |east 10 tines greater than air, nore preferably
100 ti mesbigiltheszotriage!-2iv )-2an@rexy-piter Iphemdineghgne 000 tines greater
than air.,Al [ LK, (oRf |n LLippw khe protection material may have a
peak ?n |%2 @%@Hﬁ%ﬂeﬁ%{&%&?éﬁkﬁﬂﬁ%ﬂlér)]QIlS%Qﬁm of the wavel ength of the

radi at i onmetiylenptasissradotyazulyiteriochdphérol]; 15Thi s peak in the absorption
spectrum may be a maj or peak. Further, while certain materials, such as 2,
6 - Dii soPpeEpieneaishkenaodirzolydetrametbilbutydsienabl e radi ati on absor bi ng

. | . ' . art’ bl et
Conbi ne. nafe AreEe R (AP G AR S L TE - DL E R Bethiiot SOBREIAE T r1 o
t he wavel gmgridi, 2,0-rAetheNe ebigB-(BH-benzattiaabl-2+yl W4 i(1 1588 -tetrachetioylbaty)t ne such

a radiation absorber with a further conponent to provide a protection
mat et al BPNEHIZ&i bits the desired solidity or viscosity.

An

o a2 e LA LRI, 15,7 ) Y9 LRI G BREhgY O o

25absor bebis-[@iyideoxyhs-tedioatyl i3 (bemzottzel-asyl pphenyl]-evetiaarte;ensur es that the

mxture I5,2"-methylenebis[6-(benzotriazo|-2-y|)-4-tert-octylphenol];
bis[2-hydroxy-5-t-octyl-3-(benzotriazolyl)phenyllmethane;

15 2,2'-methylenebis[2-hydroxy-5-(1,1,3,3-tetramethylbutyl)-1,3-phenylene]bis(2H-
benzotriazole);
2,2'-methylenebis[4-(1,1,3,3-tetramethylbutyl)-6-(2H-benzotriazol-2-yl)phenol];
2,2'-methylenebis[4-tert-octyl-6-(2H-benzotriazole-2-yl)phenol]; and
methylene bisbenzotriazoryl tetramethylbutyl phenol.

20
Further, the Applicant envisages that the following chemicals may serve as

appropriate carriers for radiation absorbers:

paraffin wax;
25 laponite dispersion in water;
carboxymethyl cellulose dispersion in water;
hydroxyethyl cellulose dispersion in water;
polyacrylate dispersion in water; and
gel-forming water-soluble gums.
30
Still further, the Applicant envisages that the following chemicals may serve as

appropriate gellants for radiation absorbers:



hi ghly viscous at roomtenperature but of suitably |low viscosity with a
noderate tenperature increase that it may be easily introduced or renoved.
Equal |y, wbeoe/da7148qui d radi ati on absorber is suitabl e fPor/aBre1pan4sicul ar
wavel engt h or wavel engths, such a radiation absorber may be mxed with a
solid gellant to form 30a protection paterial in a gel phase. By

appropriate variations in the ratios” 6P "conponents within the mxture, the
phase change nmay be set to occur at a desired tenperature. WO
2012/ 017248PCT/ GB2011/ 051481 - 24 - Further suitable materials

wi || be apparent to the skilled person. For exanple, where it is desired to
provi de arjiaggi% g_rotection material, rather than using a mxture of a
carrier and2i°Fsdrati on absorber, a liquid radiati on absorber nmay be used

on its owiydragengedfdagterdmahg bei ng di -isopropyl naphthal ene 5(m xed

| sonmers) . More general ly, the Applicant envisages that the

f ol | owi ngelbnisrilelgpe digRers®nve as appropriate radiation absorbers for a
rangez of different wavel engths: 102,6 di-isopropyl naphthal ene;

di -1 sopropyl naphthal ene (m xed isomers); acridine; trans ethyl cinnanmate;

3, 3- (4, 4- bi phenyllies)ld BeZapdpretintenyat &id tsd bAgtéctorcibrial® of course
o S ited o the partcular consiruction Shown in, BRd d8seribed with reference
to, the figures. The skilled person will appreciate that methods according the
present invention may be utilised with constructions where the array of chambers
10 is neither linear, nor evenly spaced. Further, such methods may be applied to
two-dimensional arrays of chambers, just as with the linear arrays described
above.
It should further be appreciated that the while the above embodiments
concern devices having piezoelectric actuating elements, that these are simply
15 examples of an electrically actuable means that is operable to cause controlled
release of droplets from fluid chambers. As noted above, such electrically
actuable means may equally comprise resistive elements operable to heat the
fluid within chambers.
Still further, the skilled reader will appreciate that while the examples
20 above may have referred to individual apertures being formed consecutively, the
teaching may equally be applied to parallel processes where a plurality of
apertures are formed simultaneously. In an example of such a procedure, a
single beam source may suitably be split into a plurality of sub-beams, each
being focussed with respect to a different aperture (though, equally, a plurality of

25 separate sources might be used).



Tinuvin 360; 20 Tinuvin 328; carbon bl ack; titanium dioxide; tert-Butanol
Cresol 2,6-Di nethyl phenol tert-butyl acetate; oct abenzone xyl enol
tert - but woperxmyraget ate 3-trifl uoromet hyl phenol 2-et hylPh@xGH2011/051481

25p- met hoxyci nnamat e; i soanyl p-nethoxycinnanate;

2- phenyl benzi m dazol esul phoni ¢ aci d; g (4' -met hyl benzyl i dene) -d, | - canphor;
5-tert-butyl-2-nethyl phenol 2-pheny| Z+benzotr|azole

2- met hyl - 2H benzotri azol e 302-net hyl -4-tert-octyl phenol benazol p

2- (2-hydrexxmpstert- octyl phenyl)benzotri azol e

4, 4" -di -tert-butyl di phenyl net hane 2-am no-4-tertanyl phenol
2-(5-tert-butyl -2-hydroxyphenyl ) benzotriazol e octyl phenol 4-tert- - 25 -

octyl phenpl 2,2 megﬁ;ecﬁ}flffrﬂﬁ% 8lcBrb8ReReNZOFobRA Abpdsitioh aghattud tRe 3-

tetramet hyI but y

2, 2' - met hsdrepasishs¢@ngriséngzan airay of fluid gigmbers ghe maiihgd goreprising the steps

bi s[ 3- (begzotriazol -2-y1) - 2- hydroxy-5-tert-octyl phenyl ] net hane;

52, 2- et hyl enebi s(6- (2H benzotri azol -2-y1) -4-(1, ;

met hyl enebi sbhenegding praestionenatedaly$ e he hofill, ; tieeshylpertesemi shdveberst ri azol yl

et ramet iyl but gl pienal ipod oPoTEIM SAER L el LLRESHER! 14 82 fhnant)
2, 2- met hydxrenedaﬂa@ert(@lsl-blyea’otajlbnmzmblcﬁmpb)wem- ¢dchla:ridne exteadivg kiybbght &1 ) -
portion of said component so as to communicate with a respective chamber, to
enable in use fluid to be released from said chambers through said apertures in the
form of droplets to be deposited;
wherein said protection material acts to inhibit damage to walls of said
chamber during said ablation; and

removing said protection material.

2. A method according to Claim 1, wherein said protection material inhibits
damage at least in part by absorbing energy from said radiation.

3. A method according to Claim 2, wherein said energy absorption involves a
phase change of said protection material.

4. A method according to any preceding claim, wherein said protection material
is in an incompressible state immediately prior to said step of directing at least one

beam of radiation at the component.

5. A method according to Claim 4, wherein said protection material is solid
immediately prior to said step of directing at least one beam of radiation at the

component.

6. A method according to Claim 5, wherein said protection material is provided
as a liquid and subsequently solidifies.



10benotri zol e;

2,2' -net hyl enbi s(6-(2H benzotri azol -2-y1)-4-(1,1, 3, 3-tetranet hyl butyl) pheno
|); bis-[Wohytraxss-tert-octyl-3-(benzotriazol -2-yl) - plremyGH20 natshesme ;

2, 2"-nmet hyl enebi s[ 6- (benzotriazol -2-yl)-4-tert-octyl phenol ];
bis[2-hydroxy-5-t-octy1-3-(benzotriazgéyl)phenyl]nethane

152, 2' - net hyl enebi s[ 2- hydr oxy-5-(1, 1, tetranet hyl butyl) -1, 3- phenyl ene] bi
s(2H benzotriazole);

2,2" - et hyl ened@h%&rr’oo(éooérd?n@rotaﬂyr@%f%rﬁgwab @nér%hhhsw&ﬁéd malarZ y1) phen

oI] 2,2' -met hyl enebi s[4-tert-octyl-6-(2H benzotriazol e-2-yl) phenol ]; and
met hyI eneCamMisenZwior tasae plept@ddirgatingatileast pne paemof radigiopgtteer , t he

Appl i cant &wdﬁgg%%aéd%h%tsnsﬁgmauwéné g Inrrhg@hér R af@ LYy §§ adRRpy-opriate

carriers I'atl on absorbers 25l aponite  dispersion in
wat er ; calidhdggatee Rgid floisl ¢ghambess.di spersion in water; hydroxyethyl cellul ose
di spersion in water; polyacrylate dispersion in vvater; and gel -form ng
wat er -sol ubl e gums. 30 - 26 - organocl ays; hydrogenated castor oil; and
et hyl cel | &l oseA dietpskancordingto any one of claims 4 Hod| Whéreinap podinuavstiow bt t he

use of br OL@ElARNALALIdl: b Bla SULSLNRLRbBLASH K oblAfaRBf hECUl ar

construction escr erence I gures. The
skilled pmz®s. wi || appreciate that nethods according the present invention
may be utilised with constructions where the array of chanbers

9. A method according to any preceding claim, wherein, for each chamber for

which a communicating aperture is formed, the aperture extends through one wall of

the chamber, and wherein said protection material fills the chamber so as to abut

said wall leaving substantially no space adjacent said wall.

10. A method according to any preceding claim, further comprising providing a
plate bounding said fluid chambers so as to form at least a portion of said walls of
the fluid chambers.

11. A method according to Claim 10, wherein said plate is provided subsequent
to said step of providing protection material.

12. A method according to Claim 10, when dependent on Claim 8, wherein said
plate is provided prior to said step of providing protection material.

13. A method according to any one of Claims 10 and Claim 12, further comprising
the steps of: providing an actuator member having a surface in which a plurality of
depressions are formed; and attaching said plate to said surface so as to at least
partially enclose the spaces within said depressions, said spaces providing, at least
in part, said fluid chambers.

14. A method according to Claim 13, when dependent upon Claim 11, wherein
said protection material is applied to said surface so as to fill, at least in part, said

depressions.



10i s neither linear, nor evenly spaced. Further, such nmethods may be
applied to two-di nensional arrays of chanbers, just as with the |inear
arrays desornitad7aBove. It should further be apprehatEdsihat t he
whi l e t he above enbodi nents concern devi ces havi ng piezoel ectric actuating
el enents, that these are sinply 15exggﬁtes of an electrically actuable
means that is operable to cause contrdfled rel ease of droplets fromfluid
chanbers. As noted above, such electrically actuable nmeans may equal |y
conprise resistive elenments operable to heat the fluid w thin chanbers.
Still further, the skilled reader will appreciate that while the exanpl es
20above nHy hayBethedeacerlingto; Glaginy | dugheraipseidpretectien mgtarel med

consecuti ; fi i rall el processes
where a p ur§PF? é%%§%§$?gwgg%éggH@%Fﬁg@mgfﬁﬂ+Fgﬁg%ﬂgﬁi. I n an exanpl e of
such a procedure, a single beam source may suitably be split into a

plurality,of s lﬂ?o%f@i FCR‘&E i f i t p i.fferent
aperture 1( 'hou%&e equaCPy, toﬁg%e@%%@rﬁ?%&&%téﬁ? %F}Lg%rﬁ%ﬁ%rﬁ be
used). -meghanicallArévioving a portiented daidfprétectinmyaterielosppamerresent adexdd opl et
depositio e nt conprising an array of fluid chanbers,
t he net hosgjr%gr%gériaatsﬂ:é;gm%ﬁteoégemggg@f: providing protection material so as to
fill, at least in part, said chanbers; directing at | east one beam

of radiatj-pon i d c ent to f arr of rtures, by
abl ation 1071? sgii\ W%@#ootr%rjpaocﬁgﬁcﬁbt aCclﬁﬁznap rvf'rﬁerne&eg)gp g%%tiu 8?}%{5@' 8&%%?8'3%@? ?:i)’on of
sai d conporéntvheeirasateviatibonmsaidcadt@ator mbmber BgEectemoved laribgsaidtstepenabl e i n

use fluid to be re|eased.fromsaid chanhers through said apertures in the
form of - choprapoicEly R BRebiEn MRS ol G ohsFuRLEhY SHS5at or f a
acts to iprbidstion saragethue pralidisg lgetrair d pldraanisarfactufor Btiachmaht @bsalti on; and
r enovi ng id protection material. 2. A method according to Caimi1l,
wherein ¢ %8 protection material inhibits danage at |east in part by
absorbing energy fromsaid radiation.

18. A method according to any one of claims 13 to 17, wherein said depressions

are formed as a plurality of parallel elongate channels.

19. A method according to Claim 18, wherein said actuator member comprises

piezoelectric material.

20. A method according to Claim 19, wherein said channels are separated by

elongate walls comprising piezoelectric material.

21. A method according to any one of claims 10 to 20, wherein said apertures

extend through said plate.

22. A method according to any preceding claim, further comprising the step, prior
to providing said protection material, of passing a coating material into said
chambers, at least some of said coating material being deposited as a coating layer,

s0 as to form at least a portion of said walls of the fluid chambers.



3. A nethod according to Claim2, wherein said energy absorption involves a
phase change of said protection material. 4. A method according to any

pr ecedi ngwol2aizmi7z4Ber ei n said protection material is inpram/dBroomsi4sssi bl e
state immedi ately prior to said step of directing at | east one beam of

radi ation at the conponent. 5. A neggﬁq according to Caim4, wherein said
protection material is solid imedi atéfy prior to said step of directing at
| east one beam of radiation at the conponent. 6. A method according to
aaims5, sher & hotficbRbRIRFS OB Sifdbiniat IRECYAES! &g Bobirbbrand
subsequently solidifies. - accordi ng any one of

cl ai ns 4 regags diegaisa Otfﬁ@dre@trm@demtma%p pé@iﬁptrsascb@wanpmr@fromyml d step of
d'reCt'anﬁﬁaﬁéﬁﬁﬁ%mﬁﬁe beam of radiation at the conponent, evacuating
substantially all gaseous material fromand applying a fluid-tight seal to
said fluid chanbers. 8. A nethod according to any one of clainms 1 to 4,

wherein a,cont through
said cha ers %ﬁ%ﬁ%’ %‘%Pg&tﬁtosﬁb’%ﬁ r@&'l |HPfu gﬁhrs ﬁ%ﬁjr@xlctzog I'ng to any
pr ecedi ngstep af passiger enomctlbomaé@mﬂhlr&@aaiﬂe:hamersmrqyidlrag ouenumoreat i ng
aperture | : [ e chanber,
and wher eﬁ5 '%Z‘Iseg‘%%%g"rnc%{“ {Sat%)ﬁeréﬁ gor ?5{}{3%’}8 QP ﬁ gﬁbsg\r{@ﬁ%d géar{hggrgbut sai d
wal | | eavihrogyigb st aperivedd quring uspace adj acent sai d wal . 10. A nmethod
according to any preceding claim further conprising providing a plate
boundi ng said fluid chanbers so as to format |east a portion of said walls
of the fl26.d oqnareitr&rolsaccof‘(ﬂngtéarn;/tmea:bomg:@aldi faghé&rocdh@isingl friombesiaed N sai d
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pl ate is @ecdodedorthé Auidtopasdiets. st ep of providing protection nmaterial. 13.
A nmet hod according to any one of Cains 10 and Claim 12, further conprising
the steps of: providing an actuator nenber having a surface in which a
plurality2&f d‘epfeﬁ&ﬁi aesranicetof Cnimes, vitsteidtshRcdedtepodaiate piratged » sai d

surface so as to at | east rt'al e ose th aces wthin said

depr essi dRdOML & 'aa%tﬁa%t;mb @WHbﬁ/oféFe lwigcha Fﬁ % said fluid chanbers.

14. A method according to Claim 13, when dependent upon Claim 11, wherein

sai d protectlon material is applied to said surface so as to fill, at |east

in part, %hid ABRHEIGERLING {0 3y preceping Qlaifs WISERIR SRIEISIEMY TEBONNGi m 14,

wher ei N sadid@ pRitdUiBR I AidIBbADHSES SaEiRl MY ESthbOnehP¥EBS tSmed tsdlr f ace,
conpletel y f||||ng sai d depressions. 16. A nethod according to any one of

cl ai ms 100Mogctiammaierigs  f urt her conpri sing mschanl cally renoving a portion
of said protection material so as to present a |level surface for attachnent

of said plate. . . . o . .
28 A method according to any preceding claim, wherein said protection material

preferentially absorbs radiation at the wavelength of said at least one beam of
radiation.

29. A method according to Claim 28, wherein said protection material has an
attenuation of at least 10 times, preferably 100 times and more preferably 1000

times greater than air at the wavelength of said at least one beam of radiation.

30. A method according to any preceding claim, wherein said protection material
undergoes a phase change at a temperature between 50 and 150°C, and preferably
between 60 and 130°C.



17. A method according to Caim 16, when dependent upon any one of clains
13 to 15, wherein material fromsaid actuator nenber is also renoved during
sai d stepwoforubhaai cal |y renovi ng said protection nmat ePCalGB2sH/d148¢t uat or
menber and said protection material thus providing together a planar
surface for attachnent of said plate.,,18. A nethod according to any one of
clainms 13 to 17, wherein said depresé%ﬁs are forned as a plurality of
parall el elongate channels. 19. A nethod according to C aim 18, wherein
sai d act ugf or N@Wﬁés&%fdr%ﬁém@h%@@r@ﬁfé bifoplB dBpbdiion apfdratls Met hod
according to Claim19 erein sald channels are separated by el ongate

wal | s congamRyisig ﬁ)plelﬂ%lé‘l dohamberfaeaeh amambezpem previded with @stuationy t o any one
of ¢l ai Memdfhnd @p @%bmvmrngme&i@b LAPEEAARSn BRSO ihALRUAN S8 plate. 22

A nmet hod according to any precedi ng clarrm further conprising the step,
prior to ¢heovieds, sgidseiamherobeiog fited aeastirapart vith pasefeaéoremesael ng mat eri al
into said, - eposi ted
as a coati E@ﬁﬁﬂ'@'éwa% Hggé?‘nf% @%ﬁng%ldﬁgtg?ﬁ%g@?g%ﬁ @le %bﬁ%pg of the
fluid chenifee walls of 30d charai@er daring ehlatiomoteratiungs camrgLaicatirRyittweaid ei n - at

| east sor?1a bed id coating layer remains during use of said conponent so as
to protect sald chanbers fromfluid contained therein. 24. A nethod
according to any preceding claim further conprising, prl or to said step of

passi ng rot ect i e or nore

pi ezoel e(a:%érjl o 'ﬁén%gg %Igoég]{]eemt%g@gﬁjééeim@?Fgg)geé%gf)ggf %d%gat}"n said fluid
chanbers ¢dnmmmg*g aajuchheyp@‘rdharrmsrs;leacmghamlﬁer beitty prAwdedi it agtuationdi Ng t o any
precedi ng_cl aimf ur

b r smq%bgortosa E'@Ma ng a
prot ect i oR°AEt EPPAP'S r'(5‘g§J:§| O ERASTLR PGSR OIEpeHE BAUSWIIN 87'9¢l ect r odes
for the fdhantbesd aatetrmmbe’Sbeifg lfmématdemmopah wghbcpr@eamcm Raterishi@aei n sai d

el ectrodes are arranged,so a tof e rt|o of sajd I ls of
Che 11 ui dNSREsBEnEss 030 BetBan S0 clohsC e e hrb s U8 Befeh A0, wher i n
sai d step13PCr wn@r\eim@@@rcﬁecmbatnwém@racmbmmta{ d@rﬁ@gnr fotRs wattabf swid t he
conponent so .as tq nel rotection materi A nmet hod according to

any precedl3nPeEOLiing a@\ﬁ%?rb?f p@&PEFSﬁOHirB%'?%Wgﬁ%heﬁq ‘thEB?téEfrér entially

absorbs radi ation at the wavel ength of said at | east one beam of radiation.
29. A nethod accordln to Claim?28, wherein said protection material has an
attenuat i oh ofA &b P‘%%?é“?b'iéc‘iqrﬂ'ﬁg to eamse%ew?;ziwqr CREWTISIAY aRIF8 pref erabl y

1000 ti n%lﬁﬁﬁ@ts%i'd ﬂJP@Bhéﬂrhber@Tsotdéfio\f@Mﬁétﬂé%tB prticrPdfdaff whlIRasFitheM@d beam of

radiation. 30. A nethod according to any preceding claim wherein said
prot ect i OWaMPEES-i al undergoes a phase change at a tenperature between 50
and 150C, and preferably between 60 and 130C. - 31 -

34. A sub-assembly according to claim 33, further comprising an actuator
member having a surface in which a plurality of depressions are formed, said plate
being attached to said surface so as to at least partially enclose the spaces within

said depressions, said spaces providing, at least in part, said chambers.

35. A sub-assembly according to claim 34, wherein said depressions are formed

as a plurality of parallel elongate channels.

36. A sub-assembly according to claim 34 or claim 35, wherein said actuator

member provides said actuation means.

37. A sub-assembly according to any one of claims 34 to 36, wherein said

actuator member comprises piezoelectric material.



31. A sub-assenbly for the manufacture of a droplet deposition apparatus
conprising a plurality of chanbers, each chanber being provided with

act uat i onrworaresn17mper abl e during use to cause a change iPoT@BesUNSessin fl uid
Wi thin said chanbers, said chanbers being filled at least in part with a
protection material conprising a waxy Eaterial, wherein said protection
material acts to inhibit danage to thg wal | s of said chanber during

abl ati on of apertures communicating with said chanbers. 32. A sub-assenbly
for the manufacture of a droplet deposition apparatus conprising a
plurality of chanbers, each chanber being provided with actuation neans,
oper abl e uri rfysulressamiinaseording i plgien Bh, Whessipaid ¢hannpeigiate #epadipiedsai d
chanbers, i i £ ; t in part with a protection

mat eri al ?ﬁg?ﬂﬁﬁ%ggggggmgﬁ%ﬂgg%k%Igﬁgghggﬁﬁgen 50 and 150C, and preferably
bet ween 60 and 130C, wherein said protection material acts to inhibit

damage t he |1 I i | at i : es

comuni cgﬁ'ng A\g\\n@?%%%mdbﬁ ghgcr%%@iﬁg?c%lagﬁ’5‘&'\@%%_8@25232%@&5)2@@%I ng to clains
31 or 32,cdmpriseesaiccelopgdtewals.a pl at e bounding said fluid chanbers so as to
format |east a portion of said walls of the fluid chanbers. 34. A
sub-assenbly according to claim 33, further conprising an actuator nenber
havi ng a 4ur f aksub-rasesinbly aacoidingab iany ooé cépy ebaetrsmidacudtor medbesai d pl at e
being attached to said surface so as to at |least partially enclose the
spaces w‘iaorﬁ‘i‘?{'s?ae‘.”ge en;%agesvsv? ns, said spaces providing, at least in part,
sai d chanbers. 35. A sub-assenbly according to claim 34, wherein said
depressions are forned as a plurality of parallel elongate channels. 36. A
sub-assenbly according to claim34 or claim35, wherein said actuator
menber provides said actuation nmeans. 37. A sub-assenbly according to any
one of clains 34 to 36, wherein said actuator nenber conprises

pi ezoel ectric material. - 32 - 38. A sub-assenbly according to claim 35,
wherein said channels are separated by elongate walls conprising
pi ezoel ectric material. 39. A sub-assenbly according to claim 37, wherein

sai d actuation neans conprise said elongate walls. 40. A sub-assenbly
according to any one claim wherein said actuator nenber conprise and
el ongate wal |l s.



