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MANUFACTURE

The present invention relates to droplet deposition apparatus and

especially to ink jet printheads made of piezd—electric ceramic. In patrticular

it relates to methods for bonding such printheads during assembly. The

invention finds particular applications in the manufacture of printheads

employiﬁg shear mode wall actuators.

For example, in US-A-5,003,679 (EP-B-0 277 703) there is
disclosed a method of making multi-channel pulsed droplet deposition

apparatus comprising the steps of forming a base with one or more layers of

piezo—-electric material, forming a multiplicity of parallel grooves in said base

which extend through said layer or layers of p:ezo—electnc material to afford

walls of said material between successive channels, locating electrodes in

relation to said walls so that an electric field can be applied to effect shear

mode displacement of said walls transversely 'to said channels and securing

a top wall to the walls to close said liquid channels.

An alternative example of piezo—electric shear mode ink jet
printheads is provided in US~-A-5,016,028 (EP-B-0 364 136), both of the

above references being herein incorporated by reference.

‘A particular feature of a preferred embodiment of the Iatte,r reference

is that for satisfactory actuation of the actuator walls between channels, the

compliance ratio of the bond layer which secures the top wall to the actuator

walls (the compliance ratio is hE/He where h is the thickness of the bond

layer, e is the modulus of elastic of the layer, H is the height of the walls

and E is the modulus of elasticity of the walis) is less that 1 and preferably
less that 0.1. For example, if H = 440um E =.110 GPa and e = 5GPa, the
latter value stipulates that approximately the bond layer thickness h < 2um.

Whilst a variety of techniques exist for bonding piezo—electric ceramic

material to other ceramics or to glass and other substrate materials used in

ink jet printhead manufacture.- the most flexible and convenient technique is

often adhesive bonding. The term adhesive is intended to include all

suitable glues and cements. However, real difficulties are encountered in
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of making _multi—chann'el pulsed droplet deposition apparatus comprising the
steps in any order of bonding together a stack of layers comprising at least
one layer of piezo—electric material and a cover layer; forming a multiplicity
of parallel grooves in said stack which extend at least partly through said

10 layer of piezo-electric material to afford walls of said material between
successive droplet hqwd channels, said channels being closed by said cover
layer; and locating electrodes in relation to sald walls so that an electric field
can be applied to effect shear mode displacement of said walls transversely
to said channels; characterised in that the bonding together of two of said

15 layers comprises the steps of preparing respective mating surfaces of said
layers to reduce the surface roughness to the order of 2um or less; applying
an excess of adhesive and with the mating surfaces in register applying
pressure and allowing adhesive to flow in the bonding plane until surface
extremities of the respective mating surfaces come into substantially direct

20 contact to produce a bond layer of mean thickness 2um or less.

By suitably controlled lapping or grinding, it is possible to control the
roughness of each of the mating faces so that when they are brought
together in contact, in the absence of the bond layer, the surfaces conform
so that mean separation between the faces is 2um or less. However, when

25 a bond layer of a suitable glue is applied to the surfaces and the surfaces
are brought together in contact under pressure, the bond layer builds up
hydrostatic pressure inhibiting intimate contact of the mating surfaces and
resulting in excessive bond compliance.

Attempts to reduce the problem of hydrostatic pressure by reducing

30 the amount of adhesive which is applied, run the risk of leaving certain
regions improperly bonded. The fine scale of the walls and the criticality of

the bond in the correct operation of the completed apparatus, compound this
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interface suitably to a maximum of 100um. Where one of the bonding
surfaces is divided by the paraliel groeves into strips of no more than this
‘width, excess adhesive is permitted to flow into the grooves. It is found that
the presence of excess adhesive in the channels of the completed apparatus
10 has no material effect on performance. l_n other cases, adhesive flow
formations are provided at the bond inten‘;ce_ to accommodate excess
adhesive and to maintain the maximum flow &istance '
The invention will now be described by way of example by reference
to the attached diagrams in which:—
15 Figure 1 illustrates an exploded view in perspective of one form of ink
jet printhead incorporating shear mode wall actuators. |
_ Figure 2 illustrates ai section view normal to the ink channels of the
printheads illustrated in Figure 1 after assembly.
Figure 3 illustrates a detail of the printhead of Figure 2 in which one
20 example is shown of the problems to which the invention is addressed.
Figure 4 illustrates one embadiment of the invention which 'provides a
solution to the problem of Figure 3. | |
Figure 5 illustrates an alternative embodiment of the- invention which
provides a second solution.
25 Figures 6 and 7 show a laminate wafer comprising three ceramic
Iayers suitable for the manufacture of ink jet printheads incorporating shear
mode wall actuators of the chevron design type.
Figure 8 illustrates how the invention is applied to the formation of the
| laminate wafer of Figures 6 and 7 to reduce the bond compliance between
30 the ceramic layers. .
Figure 1 shows an exploded view in perspective of an ink jet

printhead 8 incorporating piezo—electric wall actuators operating in shear
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mode. It comprises a base 10 of piezo—electric material mounted on a
circuit board 12 of which only a section showing connection tracks 14 is
shown. A cover 16, which as will be described later is bonded during

assembly to the base 10, is shown above its assembled location. For
5 clarity, the nozzle plate is omitted in the drawings."

A multiplicity of parallel gfooves 18 are formed in the base 10
extending into the layer of piezo-electric material. The grooves 18 are
formed as described in the above reference US-A 5,016,028
(EP-B-0 364 136). The base has a forward part in which the grooves are

10 comparatively deep to provide ink channels 20 separated by opposing
actuator walls 22. The grooves rearwardly of the forward part are
comparatively shallow to provide locations for connection tracks 24. After
forming the grooves 18, metallised plating is deposited in the forward part
providing eleptrodes 26 on the opposing faces of the ink channels 20. The

15 plating in the forward part extends over approximater one half of the
channel height and in the rearward part provides the connection tracks 24
connected to the electrodes in each channel 20. The tops of the walls
separating the grooves are kept free of plating metal so that the track 24
and the electrode 26 in each channel are electrically isolated from other

20 channels.

After the deposition of metallised plating and coating of the base
part 10 with-a péssivant layer for the electrical isolation from ink of the
electrode parts, the base 10 is mounted as shown in Figure 1 on the circuit
board 12 and bonded wire connections 15 are made connecting the

25  connection tracks 24 on the base 10 to the connection tracks 14 on the
circuit board 12.

Assembly of the cover 16 by bonding the cover to the base 10 is now
described by reference to Figures 2 to 5. Figure 2 shows the '
cover 16 secured to the tops of the walls 22 in the base 10 by a bond

30 layer 28. A suitable material for bonding is an epoxy resin mix which
becomes highly polymerized after curing such as Epotek 353ND.

| Advantageously, the resin mix may in‘corporafe a silica flour such as
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As indicated in the above reference the bond layer 28 is preferably
formed with a low compliance so that the actuator walls 22, where they are
secured to the cover 16, are substantially inhibited from rotation and shear.

5 The compliance ratio of ihe bond layer 28,where it secures the actuator
walls to the cover (the compliance ratio.is hE/He where h is the thickness of
the bond layer, e is the modulus of elasticity of the layer, H is the héight of
the actuator walls and E is the modu_ius of elasticity of the walls) should be
less than 1 and preferably less than 0.1.

10 By suitably specified lapping or grinding, the roughness of the mating
surfaces of the base 10 at the tops of the walls 22 and the
cover 16 is controlled, so that when they are brought together under bondang
pressure but in the absence of a bond layer, the faces conform so that the
mean separation of the surfaces is 2um or less. A typical bond pressure in

15 the context of this invention is around 50 atmospheres. When the space
separating the faces is filled with the bonding material, which is cured, the
bond compliance is then a result of the elastic characteristics of the glue
layer. It is generally recognised that very little additional stiffness is
contributed by the direct contact between the surface asperities. The

20 problemis, however, that the application of an adhesive layer may resuit in
a bond layer of thickness above the desired minimum.

To ensure complete coverage of the surfaces by glue, it is desirable
to apply an excess, as opposed to too thin a layer. When the surfaces are
brought together in contact under pressure, the excess glue in regic_:ns such

25 as the tops of the walls 22 is found to flow within the surface pores, so that
the surfaces come into contact in the surface asperities thereof with a mean
separation substantially the same as is obtained in the absence of the bond
layer. Excess glue corresponding to a fayer 3--5um thick spreads into of the
adjacent channels and harmlessly coats the channel surfaces.

30 _ The problem indicated above arises, for examble, when the surfaces
betwegn the cover 16 and the fands 31 on outer walls 30 of the printhead
are brought together under pressure. The bond layer material between
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times wider than the actuator walls 22, the required time is one thousand
timés greater. In addition, the glue may be hon—Newtonian. so that the time
is even more extended. The required time for the surface to make contact if
that result is obtained is not usually available in a masé production process.
10 - Figure 3 illustrates the effects that arise due to the excess glue under the
outer wall 30, where not only is"ghe bond layer between the rigid inactive
outer wall 30 seen to be thick, but also ~ due to local fiexural rigidity of the
cover — the glue film remains thick over a group of actuator walls at the
edge of the printhead 10 with the result that the bond compliance at the top
15 - of the walls is too great. Such a printhead will therefore have walls that do
not pass the test specified in US-A~4,973,981 (EP-B-0 376 532) or another
equivalént test and may be rejected in manufacture.
The problem of forming a precisely metered thin glue bond layer over
an exterided area, such as over the outer walls 30, may be overcome as
20 illustrated in Figure 4 where a number of shallow grooves 32 are formed on
the top of the outer walls 30. These may be formed at the same time as the
formation of the channels 20 in the forward part, and nﬁay' conveniently be
formed to a similar depth as the grooves in the rearward part of the wall 10:
advantageously they may be of the same width and spacing as the channel
25 ‘_grooves 18. Although two such grooves are illustrated, a greater number
such as 10, 20 or more grooves may be provided depending on the outer
wall width. ' |
The intention is that the maxix;num distance which excess adhesive
has to travel in the bonding plane over the marginal land 31 is approximately
30 the same distance as over the bulk of the base region, that is to say the
thickness of one wall 22.

When excess glue is provided, for example by screen printing of glue
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5 tops of the actuator walls. Further, if excess glue is provided in the quantity

to fill the grooves 32, it can more readily flow along the'grooves and escape,
'avoiding build-up of hydrostatic pressure between the mating parts. It is
further more easy to regulate the application of a quantity of glue in excess
to ensure successful bond formation, without the deleterious compliance

10 effects to the active walls.

An alternative embod_ime’nt is iIIusEate_d in Figure 5 in which the
grooves, in contrast to being-forhed in the base wall as described above,
are formed in the cover 16. When the cover 16 is made of the same
material and by the same process as is the base 10, the grooves are

15 preferably formed in the c_oVer by the same process that employed for
manufacture of the base. It may alternatively be preferable to make the
cover of different materials or by a different process. For example the cover
may be a ceramic formed by powder pressing and firing, it being important
to select a material for this process whaose thermal expansion coefficient

20 substantially matches that of the piezo-electric ceramic frqm'which the base
is made. In that case the grooves in the cover 16 may be formed by
indenting the press faces during the pressing operation. The thinness of the
bond layer means that the need for matching the thermal expansion
coefficients of the materials_td be bonded, is particularly acute. Matching to

25 at least 1ppm is preferred. |

The formation of indented features 32 in the cover 16 also places less
constraints on the pattern of indentation employed in the region facihg_ the
outer wall of the base part. Instead of grooves, indented pits, or
crosshatching or any suitable stipple pattern may be adopted which provides

30 adhesive flow formations. It is important that the tops of the patterned
regions are ground or lapped or otherwise formed to maintain the specified

surface flatness, and that the edge adjacent the outermost channel provides
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a continuous bonded seal for ink in the outermost channel.

The problem of fofming a precisely metered thin glue layer over an
extended area similarly arises in forming a banded piezo—electric laminate-
wafer 40 as described by reference to Figure 6 and Figure 7. The

5 laminate 40 comprises three ceramic layers which are bonded together. The
~ base layer 42 is an insulating ceramic, which in one form is
non-piezo-electric. To the base layer are bonded two poled piezo—electric
ceramic layers 44 and 46, the poling directions being in anti-parallel as
- indicated in Figure 6 in the left hand scrap section. |
10 The laminate is useable for manufacture of ink jet array printheads
which employ shear mode wall actuators?of “chevron design* type as
disclosed in US-A-5,003,679 and US—A-4,887,568 (EP-B—0 277 703) and
in US-A-4,887,100 (EP-B-0 278 590). The laminate Is.cut through the
piezo—electric layers 42 and 44 forming a multtiplicity of parallel grooves 18
15 providing ink channels 20 separated by actuator walls 22. Metallised plating
is deposited on the opposing faces of the ink channels as shown in the right
-hand scrap section, where it extends the full height of the channel walls
providing actuation electrodes. The walls are coated with a passivant layer
for electrical isolation of the electrode part from ink, and a cover is secured
20 to the top of the walls. Walls of this type béing active in both the top and
bottom halves are advantageous because they are able to be operated with
a lower voltage. Such aspects are described in more detail in the above
prior art which are herein mcorporated by reference.
. ‘The laminate wafer iliustrated in Figure 7 is formed of three bonded
25 !ayers as described by reference to Figure 6 and is of area sufficiently great
to provide a multiplicity of ink jet printheads. Twenty are illustrated, but the
method of manufacture below is suitable for wafers iaccommodating any
suitable large number of printheads for mass manufacture. Horizontal and
vertical lines 47 and 48 show where individual actuators are diced and
30 parted.
As previously indicated, it is important that the bond layers between

the ceramic layers 42, 44 and 46 are thin and have a low compliance. This
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Suitably controlled surface roughness of the mating surfaces of the
ceramic layers 42, 44 and 46 may be obtained by lapping or grinding so that
when they are brought together in contact under pressure they touch at the
surface asperities and conform with a mean surface separation of 2um or

10 ' less. It is consequently the thickness of the intermediate bond layer
between the ceramic layers that governs the bond compliance.

The s_urface roughness;of the mating sd?faces can be measured with
Talysurf equipment providing a value R, which is preferably less than 2um.
It will be recognised that opposing surfaces having each a value R, of, for

15 example, v2um are likely to produce, when the surface extremities are in
contact, a surface layer of mean thickness approx;mately 2um.

The formation of suitably thin bond layers is achieved as illustrated in
Figure 8, which is a section of the laminate of Figures 6 and 7. Itis
accomplished by providing grooves 50 in one or other of the mating surfaces

20 between each of the ceramic layers parallel to and in the locations of the

~ channels 20. The grooves are located in manufacture 'by using the edges of

the wafer to provide reference edges and are préferably cut narrower than
the channels. In regions of a prin_thead' where there are no ink channels,
grooves 50 are nevertheless also formed. o

25 . When the ceramic layers are coated with glue which is applied in
excess and the layers are brought into contact under pressure, the excess
glue can flow into and along the grooves so that the tendency to develop
substantial hydrostatic pressure in the glue layer during assembly and
bonding is avoided and intimate conformity of the ceramic layers is aftained.

30 If flow of glue along the grooves 50 in the channel direction is insufficient to
-avoid the hydrostatic pressure preventing conformity of the layers, cross

grooves (not shown) may also be formed in the locations of the part lines 47

This Sheet Has Been Re laced

. ~{I/Am3S




Figure 2 illustrates a section view normal to the ink channels of the
printheads illustrated in Figure 1 after assenbly. Figure 3
illustrates a detail of the printhead of Figure 2 in which one 20 exanple
is shown of the problens to which the invention is addressed.

Figure 471l lustrates one. enbodi ment of the10nyent|on whi ch provides a
solution to the problemof Figure 3. Figure 5 illustrates an
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5 wafer 40 is cut through the piezo-electric layers 46 and 44 forming
grooves 18 as illustrated in Figures 6, providing ink channels' 20 separated
by the actuator walls 22. . The locations of the grooves 50 is shown in
relation to the ink channels 20 in the scrap section in Figure 8 on the right
as outline grooves shown as dotted lines representing the location of some
10 of the grooves 50 prior to removal of the channel material. The grooves 18
are formed by edge reference of the wafer approximately at the same
centres as the groaves 50 sa removing the material fbrming as well as the
excess glue in those grooves. The bond compliance of the bond layers |
forming the wall actuator obtained using the above process is found to be
15 reduced so that the bond compliance ratio satisfies the requirement
(hE/He) < 0.1 as may be confirmed by resonance tests of the type described
in the patent reference US-A-4,973,981 (EP-B-0 376 532).
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CLAIMS Lw s

1." A method of making multi-channel pulsed droplet deposition
apparatus comprising the steps in any order of bonding together a stack of
layers comprising at least one layer of piezo-electric material and a cover

5 layer; forming a multiplicity of parallél grooves in said stack which extend at
least partly through said layer of piezo—electric material to afford walls of-
said material between successive droplet liquid channels, said channels
being closed by said cover layer; and lécating electrodes in relation to said
walls so that an electric field can be applied to effect shear mode

10 .displacement of said walls transversely to said channels; characterised in -
that the bonding together of two of said layel:é comprises the steps of
| preparing respective mating surfaces of said layers to reduce the surface
| roughness to the order of 2um or less; applying an excess of adhesive and
with the mating surfaces in register applying pressure and allowing adhesive
15 to flow in the bonding place until surface extremities of the respective mating
surfaces come into substantially direct contact to produce a bond layer of
mean thickness 2um or less. |

2. A method according to Claim 1, wherein the flow distance of
excess adhesive in the bonding place is uniform over the bonding plane.

20 3. A method according to Claim 2, wherein one of the mating
surfaces is divided by said parallel grooves into surface strip portions of
uniform width.

4. A method according to Claim 3, wherein said one mating
surface has one or more marginal lands of width significantly exceeding the
25 width of said surface strip portions and wherein adhesive flow formations are
provided in or opposed to said lands at a spacing substantially equal to the
width of said surface strip portions.
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rmde It conprises a base 10 of piezo-electric materi al—ppunted—on—=a
circuit board 12 of which only a section show ng connectlon tracks 14 IlT

shown.. A cover 16, which as will be described |ater H“Hmmm)‘mu“l
asserrbly to the base 10, is shown above its assenbl ed I

clarity, the nozzle plate is onitted in th.deravm ngs.

multiplicity of parallel grooves 18 are forned in the base 10

extending into theglaye r

fornmed as described in ﬁ}@i‘egtﬁ)’%@é@gz@# er E%g%?z gﬁ'lg{%fﬁhlglg%% %EWO 364

136) . The basdistaarcenoff excasscagiadive in the bonding piane\is s 0&uen.10

conparatively deep .to provide ink channels 20 separated by opposing

actuator walls 22. The grooves rearwardly of the forward part are

conparatively shallow to provide |ocations for connection tracks 24. After

formng the grooves 18, netallised plating is deposited in the forward part
6. A method according to Claim 5, wherein one of the mating

surfaces is divided by said parallel grooves into surface strip portions of
5 width 100um or less. '

_ 7. . A method according to Claim 6, wherein said one mating

~ surface has one or more marginal lands of width significantly exceeding
100um and wherein adhesive ﬂow format!ons are provided in or opposed to
said lands at a spacing of 100ym or less.

10 8. A method according to Claim 1, further comprising the steps of
forming adhesive flow formations in at least one of said mating surfaces, to

"accommodate excess adhesive.

9. A method according to Claim 8, wherein said adhesive
formations comprise parallel recesses at the same spacing as said parallel

15 grooves.

10. A method éccording to Claim 8 or Claim 9, wherein said
adhesive flow formations and the excess adhesive contained therein are

‘removed in the subsequent formation of said parallel grooves.

11. A method according to Claim 1, wherein said two layers to be
20 bound are formed of the same material or of different materials having
respective thermal coefficients of expansion matched to 1ppm or better.
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proviaing el ectrodes 26 on the opposing'faces of anners . The

15 plating in the forward part extends over appr of the
channel height and in the rearward part provides amﬂa mjmﬂlil! mfacks 24
connected to the el ectrodes in each channel 20. T

separat¥my the grooves are kept free of pl 1&ng metal so that the track 24

and the el ectrode 26 in each channel are €l'etTrically isolated from other
Zoatna ot the basel® AP bE AT e Rn B G R BR
Shown 11 Fi rgﬁﬁ'%f’%*‘ffgﬁjst pamprsing ‘?‘beé"bb@‘*ﬁ;?"’*‘“? L oL g In T BBt BF
15 are nmade copiszo+elegtrichmataialcforming comultiplicity of pacalle] igeodeescinigaid daske
connection tr achtséhléxtend arﬁeast parﬁyrﬁr%lutghbsoald qayer or layers of piezo-electric
5 material to afford walls of said material between successive channels,
locating electrodes in relation to said walls so that an electric field can'be
applied to effect shear mode displacement of said walls transversely to said
channels and bonding a cover to the base to close said liquid channels,
characteriséd in that said bonding comprises the steps of preparing
10 respective mating surfaces of the base and cover to reduce the surface
roughness to the order of 2um or less; a;p!yi_ng an excess of adhesive and
with the mating faces in register applying pre;sure and allowing adhesive to
flow between the surfaces until surface extremities of the respective mating
surfaces come into substantially direct contact with excess adhesive flowing

15 into said grooves to produce a bond layer of mean thickness 2um or less.

13. A method aCcording to Claim 12, wherein the base mating
surface comprises parallel strip portions defined by said grooves and
marginal portions at opposite sides at least one which is of width significantly
greater than the width of said strip portions, wherein adhesive flow

20 formations are provided in or opposed to said marginal portion.

| 14. A method according to Claim 13, wherein said adhesive flow
formations comprise parallel recesses at a spacing comparable with the
spacing of said paralle! grooves.

-15. A method according to Claim 12, wherein the base and the cover
25 are formed of the same material or of different materials having respective
thermal coefficients of expansion matched to 1ppm or better.

//.—-————.—-
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Assenbly of the co ' cover to the base 10 is now
descrlbed by reference to 0-5. Figure 2 shows the - cover 16
secured to the tops uml ﬁ ﬂgﬁumn the base 10 by a bond 30 Iayer 28.
A suitable materi al gpoxy resin mx which becones

hi ghl'y pol yneri zed after curing such as Epaigek 353ND. Advant ageousl vy,
t.he resin mx may incorporate a silica flour such as

16. - A method of making multi~channel pulsed droplet depaosition
apparatus comprising the steps of forming a base with one or more layers of

piezo-electric material, forming a multiplicity of parallel grooves in said base
mutually spaced in an array direction which grooves extend at least partly
5 through said layer or layers of piezo—electric material to afford walls of said

material between successive channels, said walls having respective top
surfaces lying in a common plane with each other and with marginal lands at
opposite sides of the grooves in the base; locating electrodes in relation to
said walls so that an electric field can be applied to effect shear mode

10 displacement of said walls transversely to said channels; and adhesive
bonding a cover to the top surfaces of said walls and to said marginal lands
to close said liquid channels, wherein said a&hgsive bonding comprises the
steps of forming adhesive flow formations at the interface of said marginal
lands and the cover and, after the application of excess adhesive, applying

15 pressure between the base and the cover to cause excess adhesive to flow
into said channels and into said adhesive flow formations to provide a bond
of uniform thickness over said common plane. |

17. A method according to Claim 16, wherein said adhesive flow

formations are provided in said marginal iands.

20 18. A method according to Claim 17, wherein said adhes:ve flow

formations are formed in the same operation as said parallel grooves.

19 A method of making multi~channel pulsed droplet deposition
apparatus comprising the steps of forming a base laminate through adhesive
bonding of a stack of layers comprising at least one layer of piezo—electric

25 material; forming a mu_ltipli_city of parallel grooves in said base which extend
at least partly through said layer of piezo—~electric material to afford walls of
said material between successive droplet liquid channels; and Idcating
electrodes in relation to said walls so that an electric field can be applied to

effect shear mode displacement of said walls transversely to said channels;
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;5'- Degussa Aerosil R202 to stiffen the bond after curi “g

As indicated in the above reference the bond layer 28 is pr
formed with a | ow conpliance so that the actuator walls 22, J\maummg”ﬂiﬁum
secured _to the cover 16, are substantially inhibited from rot
shear. «5 The conpliance ratio of the bond{lsayer 28,where it secures t

act uat or walls to the cover (the conpliance ratio is hE/He where h is

t he t hi cknesschdracterisetdn tinattthealyanding togethiee ofrbwlolaf Satf |a8less Conrigrisesf t he
| ayer, His the heaght of the actuator walls and E js the nodul us of
el asticity oftherdepalof Prer¥ing tespective mating sudacas aﬁaalsrlavewamrswrdms t han

0.1. adhesive flow recesses in one of said mating surfaces and, after the
application of excess adhesive, applying pressure between the two layers to
5 cause adhesive to flow into said recesses, said recesses being located at
the eventual positions of respective ones of said parallel grooves such that
the recesses and excess adhesive contained therein are removed in the
subsequent formation of said grooves.

20. A method according to Claim 19, wherein the adhesive flow
10 recesses are positioned and dimensioned so that the flow distance of excess
adhesive in the bonding plane is 'uniform over the bonding plane.

21. A method according to Claim 19, wherein said adhesive flow
. formations are provided at such a spacing that the maximum flow distance
of excess adhesive is 100um.

15 22. A method according to Claim 19, wherein the step of applying
pressure between said two layers causes surface extremities of the two
layers to come into substantially direct contact.

23. A method according to any one of Claims 20 to 22, wherein the
bond layer is formed with a mean thickness of 2um or less.

20 : 24, A method according to any one of the preceding claims
wherein the bond layer is formed with a mean thickness of 1um or less.

25. A method according to any one of the preceding claims
wherein the ratio of the mean thickness of the bond layer in m to the
modulus of elasticity of the bond layer in GPa is 0.4 107" m Pa™ or less.
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100 By suitably specified |apping or grinding, the roughness of the

mat i ng surfaces of the base 10 at the tops of the walls 22 and the
cover 16 is controlled, so that when they are brought together under

bondi ng pressure but in the absence of a bond |layer, the faces conform
so thatiThe mean separation of the surfgaices is 2[errJmor |less. A

typi cal bond pressure in 15 the context of this invention is around 50

at mospheres. \Wen thg, SpaCgethod aé&wir@ td‘ﬁnWb‘hef@Cmé prachdingedlaihs h t he
bondi ng material, which is cured, th ond conpliance IS then a result
of the el asti CWbHEﬁiadh%IStQﬂ otappMnglpreﬁsuee comprisgyethe step iof agehdngl | y
recogni sed that ver ttl‘Eﬂg& &lona stiffness is contributed by the
di rect contact t?é? FDOFBPEISS i es. The 20 problemis, however,
that the application of an adhesive layer may result in a bond | ayer
of thickness above the desired mni mum To ensure conplete
coverage of the surfaces by glue, it is desirable

_—

g
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to apply an excess, as opposed to too thin a |ayer. Wen the surfaces are
brought together in contact under pressure, the excess glue in regions such
25 as_the tops of the walls 22 is found to flow within the surface pores,

so that. the surfaces come into contact in the surface asperities
thereof ;[With a nean separ ati on substad¥i-ally the sane as is obtained
in the absence of the bond | ayer. Excess glue corresponding to a | ayer
3-5[err]mthi ABSRBALIE into of the adj acent channel s and harm essly
coats the channel surfaces. 30 The probl emindi cated above ari ses,
for exanple, when the surfaces bet ween the cover 16 and the |lands 31

on outer walls 30 s hhaepiin thd eaghufactur@iof doriakgst plivee! & oven¢es) is
pressure. The bond |ayer material between
adhesively-bonded to a piezo—electric layer (10) having parallel grooves
(20) which will serve as ink channels in the finished printer. Mating surfaces
5 are p'repared, excess adhesive is applied and bond pressure exerted until
surface extremities of the two surfaces ‘come into contact, producing a bond
layer of 2um or less. To ensure that the flow distance of excess adhesive is
~ uniform over the bond plane, grooves (32) are cut at the margin (30) of the

piezo-electric layer.
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-6- these faces is not reaq1(§7squeezed out but builds up a
hydrostatic pressure, I nhi bityr

g the close contact of the mating
surfaces. This is partly due to the

~ fact that (for a viscous material)
the time to squeeze out the excess |ayer of

bond naterial varies as the
third pewer of the distance over which the 5 excess naterial is required

to flow For exanple, if the outer wall 30 is ten
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tites wi der than the actuator mallség the required tine is one thousand
times greater. In addition, the glu y be non- Newt oni an
is even nore extended. The required tinme for the surface to nake cont?ctflf

that result is obtained is not usually available in aThaSbe

process.“10 Figure 3 illustrates the effects that arlse cess
gl ue under the outer wall 30, where not only is'the t ween
the rigid inactive outer wall 30 seen to be thick, but also - due to

| ocal flexural rigidity of the cover - the glue filmrenains thick
over a group of actuator walls at the edge of the printhead 10 with
the result that the bond conpliance at the top 15 of t‘ﬁ walls is too
great. Such a printhead a th& efore have wal |l s that/&do not pass the
test specified in US-A- 7§/981 (EP-B-0 376 532) of™ anot her

equi val ent ftest—amd—nay gected—T T manufacture> The bl em
of fqﬁmdﬂny~§ precisely jme { red thin glue bond | ayer over

; i T Szs
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an extended area, such as over the ouEﬁ#?Malls 30, may be overcone as 20
illustrated in Figure 4 where a nunber of shallow grooves 32 are fornmed on
the top of the outer walls 30. These may be forned at the sane time as the
formati on-0f the channels 20 in the forward part, and nay conveniently be.
formed to a simlar depth as the grooves in the rearward part of the wall

10: advant ageously they may be of the sanme wdth and spacing as the
channel 25.grooves 18. Although two such grooves are illustrated; a greater
nunber such as 10, 20 or nore grooves may be provi ded dependi ng on the
outer wal | w dt h. The intention is that the nmaxi mum

di stance whi ch excess adhesive has.to travel in the bonding plane over
the marginal land 31 is approximately 30 the sane distance as over the
bul k of the base region, that is to say the t hi ckness of one wall 22.
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Wien eXcess glue is provided, for exéhénz by screen printing of glue

-7- < on the surface of the base wall 10, and the cover 16 is brought
into contact :

——

/€

. 28
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with. the base wal | under pressure;£&4;79rooves 32 formed in the outer

Aal |l 30-provide a channel into which excess glue may flow, so that intimte
conformmty in the region of the outer wall 30 is obtained as readily as on
-the 5 tops of the actuator walls. Further, if excess glue is provided in

the quantity to fill the grooves 32, it can nore readily flow al ong
t he gr.ooves and escape, avoi di ng bUI|d up of hydrostatlc pressure
bet ween the mati ng pg[qu 9,
application of a qdantity
formation, without {the de|
wal | s. . An al t eLn > isillustrated in Figure 5 in
whi ch t he grogves, ih contrast ﬁb jei ng forned in {he base wall as
descri bed above are rmed [jn tge dover 16. Wien the cover 16 is nade
of the sane natéﬁial and by |t heNsane procegs, as is{the base 10, the
grooves are \Q\ '
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15 preferably formed in the cover by thge sane process that enployed for
manuf acture of the base. It may alter YP ely be preferable to nmake the
cover of different materials or by a ferent process. For exanple the

cover ¢ may be a ceram c forned by pomder pressing and firing, it being
i nport ant to select a material for this process whose thermnal ' :
expansion coefficient 20 substantially matches that of the piezo-electric
cerami ¢ fromwhich the base is made. In that case the grooves in the
cover 16 may be formed by - indenting the press faces during the
pressi ng operation—The thinness of the bond |l ayer nmeans that the need
for matching |t he thermal expansion coefficients of the matefials to be

bonded, is particul arly}acute. NhLChing to 15 at leagt lppmis preferred.
The formationf of indented features 32 in the cover 16 'al so pl aces | ess
constraints dn the pattFrn of 1 ndentation eTponed in,the region facing the

é.l-
#
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oute? wal | of the base part. Insteadz7 grooves, indented pits, or
.trosshatching or any suitable stlpp ~Zttern may be adopted which provides
30 adhkesive flow formations. is inportant that the tops of the
pat t er ned regions are ground or | apped or otherwi se formed to maintain

t he spéﬁ?fied surface flatness, and that the edge adjacent the
out er nost channel provi des
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DROPLET DEPOSITION APPARATUS AND METHOD OF

MANUFACTURE

The present invention relates to droplet deposition apparatus and

especially to ink jet printheads made of piezo-electric ceramic.

In particular

it relates to methods for bonding such printheads during assembly. The

invention finds particular applications in the manufacture of printheads

empldying shear mode wall actuators.

For example, in US-A-5

,003,679 (EP-B-0 277 703) there is

disclosed a method of making multi~channel pulsed droplet deposition

10 apparatus comprising the steps

piezo—electric material, forming

of forming a base with one or more layers of

a multiplicity of parallel grooves in said base

which extend through said layer or layers of piezo-electric material to afford

walls of said material between successive channels, locating electrodes in

relation to said walls so that an’

15

electric field can be applied to effect shear

mode displacement of said walls transversely to said channels and securing

a top wall to the walls to close said liquid channels.

An alternative example of piezo—electric shear mode ink jet
printheads is provided in US-A-5,016,028 (EP~B-0 364 136), both of the
above references being herein incorporated by reference.

20
is that for satlsfactory actuation

A particular feature of a preferred embodiment of the latter reference

of the actuator walls between channels, the

comphance ratio of the bond Iayer which secures the top wall to the actuator
walls (the compliance ratio is hE/He where h is the thickness of the bond
layer, e is the modulus of elastic of the layer, H is the height of the walls

25
less that 0.1.

and E is the modulus of elasticity of the walls) is less that 1 and preferably
For example, if H = 440um E = 110 GPa and e = 5GPa, the

latter value stipulates that approximately the bond fayer thickness h < 2um.

Whilst a variety of techniques exist for bonding piezo—electric ceramic

material to other ceramics or to
30

glass and other substrate materials used in

ink jet printhead manufacture, the most flexible and convenient technique is

often adhesive bonding. The term adhesive is intended to inciude all

suitable glues and cements. However, real difficulties are encountered in

This is the replacement sheet
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non- pi ezo-el ectric. To the base |l ayer are bonded two bol ed piezo-electric
ceraam c | ayers 44 and 46, the poling directions being in anti-parallel as

indicated in Figure 6 in the left hand scrap section. 10 : The

| ami pate is useable for manufacture of ink jet array printheads whi ch
enpl oy shear node wal | actuators, of "chevron design" type as

di scl osed in US-A-5,003,679 and US- A- 4,887,568 (EP-B-0 277 703) and I n

US- A- 4, 887,100 (EP-B-0 278 590).. The lanminate is cut through the

pi ezo- el ectri c layers 42 and 44 formng acmul ti plicity of parallel grooves
18 15 providi E&ﬁ{ |Is 22. Metallised
~plating p’P amém te ona?ﬁ%liéegifr?gg’f %Ytrﬁ&Er %ﬁié"%‘var l%ﬁ?annel s as
shown in the r| ght lt is an abjadt efcthispneadiondo, oudnmmelyonm(beanisf tHesef ul |

hei ght of the at i o el ectrodes. The walls

act
are coated wit 8‘9@5%&'1 grgl)(fdln%ggﬂgprove f'Bgthé’Ide‘%t’P%‘élaCM'Gga{W'Bndlﬁ"‘”?he
el ectrode par tpuidediioplet depdsitio @pparatss. Secur ed

5 Accordingly, the present invention consists in one aspect in a method‘
of making multi-channel pulsed droplet deposition apparatus comprising the
steps in any order of bonding together a stack of layers comprising at least
one layer of piezo-electric material and a cover layer; forming a multiplicity
of parallel grooves in said stack which extend at least partly through said

10 layer of piezo-electric material to afford walls of said material between
successive droplet liquid channe_ls, said channels being closed by said cover
layer; and Iocat'ing electrodes in relation to said walls so that an electric field
can be applied to effect shear mode displacement of said walls transversely
to said channels; characterised in that the bonding together of two of said

15 layers comprises the steps of preparing respective mating surfaces of said
layers to reduce the surface roughness to the order of 2um or less; applying
an excess of adhesive and with the mating surfaces in register applying
pressure and allowing adhesive to flow in the bonding plane until surface
extremities of the respective rriating surfaces come into substantially direct

20 - contact to produce a bc_md layer of mean thickness 2um or less.

By suitably controlled lapping or grinding, it is possible to control the
roughness of each of the mating faces so that when they are brought
together in contact, in the absence of the bond layer, the surfaces conform
so that mean separation between the faces is 2um or less. However, when

25 a bond Iéyer of a suitable glue is applied to the surfaces and the surfaces
are brought together in contact under pressure, the bond layer builds up

. hydrostatic pressure inhibiting intimate contact of the mating surfaces and
resuiting in excessive bond compliance. '

Attempts to reduce the problem of hydrostatic pressure by reducmg

30 the amount of adhesive which is applied, run the risk of leaving certain
regions improperly bonded. The fine scale of the walls and the criticality of

the bond in the correct operation of the completed apparatus, compound this

This is the replacement sheet
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20 to the top of the walls. Walls of this type being active in both the

t op,and bott om hal ves are advantageous because they are able to be
operated with a |l ower voltage. Such aspects are described in nore
detail in the above prior art which are herein incorporated by

ref érence. The lam nate wafergillustrated in Figure 7 is forned

of three bonded 25 layers as described by reference to Figure 6 and is of
area suffici gibbiengr Gathis aspedt @f phe prebena invightiom| havever,odn exdessedf
print heads. Tmenty are illustrated, but nan facture

bel ow i s sui t3ghesieds YsgHand %r@éﬁ%’ﬁaﬁﬂpﬁ'lggé'ﬂgl sur%%tege(cjﬁqﬁegﬂ fies P§e number

of print headaﬂéﬁﬁ g YB88cdPEBHhaGHhtdr Substitiaflp lradt cumdact, with YIRS biitédivd | nes 47
and 48 show where i ndi vi dual actuators are di ced and 30 part ed.

As previ ous| yfilingitheaintasstiqes. i Ehe distanaenvhichaxceseagoprive §yeayired Qe en
the' coram & |ayen 5, 4 bHAGHAD R freldtisly A8k IAKGPolMHEQRRId ance. Thi s

interface suitably to a maximum of 100um. Where one of the bonding
surfaces is divided by the parallel grooves into strips of no more than this
width, excess adhesive is permitted to flow into the grooves. It is found that
the presence of excess adhesive in the channels of the completed apparatus

10 has no material effect on performance. In other cases, adhesive flow
formations are provided at the bond interface to accommodate excess
adhesive and to maintain the maximum flow distance.

The invention will now be described by way of example by reference
to the attached diagrams in which:—

15 Figure 1 illustrates an exploded view in perspective of one form of ink
jet printhead incorporating shear mode wall actuators.

Figure 2 illustrates a section view normal to the ink channels of the
printheads illustrated in Figure 1 after assembly.
Figure 3 illustrates a detail of the printhead of Figure 2 in which one

20 example is shown of the problems to which the invention is addressed.

Figure 4 illustrates one embodimen_t of the invention which provides a
solution to the problem of Figure 3.

Figure 5 illustrates an alternative embodiment of the invention which
provides a second solution.

25 Figures 6 and 7 show a laminate wafer comprising three ceramic
layers suitable for the manufacture of ink jet printheads incorporating shear
mode wall actuators of the chevron design type.

Figure 8 illustrates how the invention is applied to the formation of the
laminate wafer of Figures 6 and 7 to reduce the bond compliance between

30 the ceramic layers.

Figure 1 shows an exploded view in perspective of an ink jet

printhead 8 incorporating piezo-electric wall actuators operating in shear
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mode. It comprises a base 10 of piezo-electric material mounted on a
circuit board 12 of which only a section showing connection tracks 14 is
shown. A cover 16, which as will be described later is bonded during
assembly to the base 10, is shown above its assembled location. For
clarity, the nozzle plate is omitted in the drawings.

A multiplicity of parallel grooves 18 are formed in the base 10
extending into the layer of piezo-electric material. The grooves 18 are
formed as described in the above reference US-A 5,016,028
(EP-B~0 364 136). The base has a forward part in which the grooves are
comparatively deep to pfovide ink channels 20 separated by opposing
actuator walls 22. The grooves rearwardly of the forward part are |
comparatively shallow to provide' locations for connection tracks 24. After
forming the grooves 18, metallised plating is deposited in the forward part
providing electrodes 26 on the opposing-faceé of the ink channels 20.. The
plating in the forward part extends over approximately one half of the
channel height and in the rearward part provides the connection tracks 24
connected to the electrodes in each channel 20. The tops of the walls
separating the grooves are kept free of plating metal so that the track 24
and the electrode 26 in each channel are electrically iselated from other
channels.

After the deposition of metallised plating and coating of the base
part 10 with-a passivant layer for the electrical isolation from ink of the
electrode parts, the base 10 is mounted as shown in Figure 1 on the circuit
board 12 and bonded wire connections 15 are made connecting the
connection tracks 24 on the base 10 to the connection tracks 14 on the
circuit board 12.

Assembly of the cover 16 by bonding the cover to the base 10 is now
described by reference to Figures 2 to 5. Figure 2 shows the
cover 16 secured to the tops of the walls 22 in the base 10 by a bond
layer 28. A. suitable material for bdn'ding is an epoxy resin mix which
becomes highly polymerized after curing such as Epotek 353ND.

Advantageously, the resin mix may incorporate a silica flour such as

This is the replacement sheet.
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-9- IS necessary to ensure that the wall actuators 22, where the

| ayers are bonded one to another, are substantially inhibited from
el astic rotation and shear, and that, when subjected to actuation
vol tages, pressure is efficiently generated in the ink inside the

charmnel s in accordance with the voltage 5 actuation pattern.
Suitably controll ed surface roughness of t?’ue mat i ng, surfaces of the

ceram ¢ | ayer spddussha it #o0BRYS difeRthelbaRd Med @ppna or grinding so that
when they are broug t toget I n contact under pres ure they touch at the

surface asperities %m\dmtﬁd)mm above negenensarthedonddayar28 isrpreferablgr r] m or
10 less. It 'fﬁrr&%1 ers t)éﬂﬁ{})ﬂaﬁg'é §J§Qﬁ$ﬁth%f étggto(SWalﬁl £ ggv%te e Pr%)epydarleayer

bet ween the ceram c governs eobo The
surface roughresesrad tdime cover 6, arg Salsstantally lhalmteda‘wrﬁdowtlbh and shear.

5 The compliance ratio of the bond layer 28,where it secures the actuator
walls to thé cover (the compliance ratio is hE/He where h is the thickness of
the bond layer, e is the modulus of elasticity of the layer, H is the height of
the actuator walls and E is the modulus of elasticity of the walls) should be
less than 1 and preferably less than 0.1..

10- By suitably specified lapping or grinding, the roughness of the mating

~ surfaces of the base 10 at the tops of the walls 22 and the

cover 16 is controlled, so that W_hen they are brought together under bonding
pressure' but in the absence of a bond layer, the faces conform so that the
mean separation of the surfaces is 2um or less. A typical bo_nd_pressure in

15 the context of this invention is around 50 atmospheres. When the space
separating the faces is filled with the bonding material, which is cured, the
bond compliance is then a result of the elastic characteristics of the glue
layer. It is generally recognised that very little additional stiffness is
contributed by the direct contact béMeen the surface asperities. The

20 problem is, however, that the application of an adhesive layer may result in
a bond layer of thickness above the desired minimum.

To ensure complete coverage of the surfaces by glue, it is desirable |
to apply an excess, as opposed to too thin a layer. -When the surfaces are
brought together in contact under pressure, the excess glue in regions such

25 as the tops of the walls 22 is found to flow within the surface pores, so that
the surfaces. come into contact in the surface asperities thereof with a mean
separation substantially the same as is obtained in the absence of the bond
layer. Excess glue corresponding to a layer 3-5um thick spreads into of the
adjacent channels and harmlessly coats the channel surfaces.

30 The problem indicated above arises, for example, when the surfaces
between the cover 16 and the lands 31 on outer walls 30 of the printhead

are brought together under pressure. The bond layer material between
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Tal ysurf equi pment providing a value RA which is preferably | ess than
2[errlm It will be recognised that opposing surfaces having each a
value RA of for 15 exanple, [err]2[err]mare likely to produce, when the
surface extremties are in contact, a surface |layer of nean thickness
approximately 2[err]m " The formation of suitably thin bond

| ayers is achieved as illustrated in "SFigure 8, which is a section of

LD e nat e sk QU0 By ol g ot P SERPL N BE RaE BASLY
ceram c | ayer mhitstired thel clése eontactoftthe rhatiref surfescesf Tiis is partlyaheentoethe 20.
(o provi do.r oFt SR Qe agSc I R BF i [a SRe Tt R GNEHEREHaYer Of tho -
channel's. 1n pegh Alite®dl VAriBS 1aR!th8 ARrd'BEWEr bhfieCdidihcB bvieP kvHidtpthae! s,
grooves 50 are neverthel ess also forned. 25 When the ceram c | ayers
are coat ed5w excesisusalgfipcis reguisgrbtq fewj ffor example, if the outer wall 30 is ten
times wider than the actuator walls 22, the required time is one thousand
times greater. In addition, the glue may'be non-Newtonian, so that the time
is even more extended. The- required time for the surface to make contact if
that result is obtained is not usually available in .a mass production process.
10 Figure 3 illustrates the effects that arise due to the excess glue under the
outer wall 30, where not only is the bond layer between the rigid inactive
outer wall 30 seen to be thick, but also - due to local flexural rigidity of the
cover - the glue film remains thick over a group of actuator walls at the
edge of the printhead 1()_ with the result that the bond complian'ce at the top
15 of the walls is too great. Such a printhead will therefore have walls that do
not pass the test specified in US-A~-4,973,981 (EP-B-0 376 532) or another
equivalent test and may be rejected in manufacture.
The problem of forming a precisely metered thin glue bond layer over
an extended area, such as over the outer walls 30, may be overcome as
20 illustrated in Figure 4 where a number of shallow grooves 32 are formed on
the top of the outer walls 30. These may be formed at the same time as the
formation of the channels 20 in the forward part, and may conveniently be
formed to a similar depth as the grooves in the rearward part of the wall 10: -
advantageously they may be of the same width and spacing as the channel
25 grooves 18. Although two such grooves are illustrated, a greater number
such as 10, 20 or more grooves may be provided depending on the outer
wall width. ' .
The intention is that the maximum distance which excess adhesive
has to travel! in the bonding plane over the marginal land 31 is approximately
30 the same distance as over the bulk of the base region, that is to say the
thickness of one wall 22.

When excess glue is provided, for example by screen printing of glue
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excess and the layers are brought into contact under pressure, the excess
glue can flow into and al ong the grooves so that the tendency to devel op
substantial hydrostatic pressure in the glue |ayer during assenbly and
bonding is avoided and intinmate conformty of the ceramc layers is :
attained. 30 If flow of glue along the_gzooves 50 in the channel direction
Is insufficient to avoi d the hydrostatic pressure preventing

conform ty of ghhge |SAHBES of HePBAse wall 19U, AAYARe (BOLr 6 RBIUTRY infd E8nRG; f O med
in the locations of the part |ines 47

with the base wall under pressure, the grooves 32 formed in the outer

wall 30 provide a channel into which excess glue may flow, so that intimate

conformity in the region of the outer wall 30 is obtained as readily as on the

5 tops of the actuator walls. Further, if excess glue is provided in the quantity

to fill the grooves 32, it can more readily flow along the grooves and escape,

avoiding build-up of hydrostatic pressure between the mating parts. It is

further more easy to regulate the application of a quantity of glue in excess

to ensure successful bond formation, without the deleterious compliance

10 effects to the active walis.

An alternative embodiment is illustrated in Figure 5 in which the
grooves, in contrast to being-formed in the base wall as described above,
are formed in the cover 16. When the cover 16 is made of the.same
material and by the same process as is the base 10, the grooves are.

15 preferably formed in the cover by the same process that employed for
manufacture of the base. It may alternatively be preferable to make the
cover of different materials or by a different process. For example the cover
may be a ceramic formed by powder pressing and firing, it being important
to select a material for this process whose thermal expansion coefficient

20 substantially matches that of the piezo-electric ceramic from which the base
is made. In that case the grooves in the cover 16 may be formed by
indenting the press faces during the pressing operation. The thin_ness of the
bond layer means that the need for matching the thermal expansion
coefficients of the materials to be bonded, is particularly acute. Matching to

25 atleast 1ppm is preferred. ¢ ' _

" The formation of indented features 32 in the cover 16 also places less
constraints on the pattern of indentation employed in the region facing the
outer wall of th_e base part. Instead of grooves, indented pits, or
crosshatching or any suitable stipple pattern may be adopted which provides

30 adhesive flow formations. It is important that the tops of the paﬁerned
regions are ground or lapped or otherwise formed to maintain the specified

surface flatness, and that the edge adjacent the outermost channel provides
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-10- or 48, to provide secondary drai nage. The volune of the primry
gropves 50 in the channel direction however will normally be sufficient to
accomodat e excess glue and allow conformty of the ceram c |ayers.
Fol'l ow ng bondi ng of the ceram c |ayers under pressure, the lamnate 5
wafer 40 is cut through the piezo-el ectrlg layers 46 and 44 form ng

o]

grooves 18 as illustrated in Figures 6, providing ink channels 20 separated
by the actual reqftfligud Bonddie sk A8l ik 1R iR RKERM | s shown i
relation to the ink channels in the scrap section in Figure 8 on the

ri ght _ The problem of formlng a precisely metered thin glue layer over an

extended area similarly arises in forming a bonded piezo-electric laminate
wafer 40 as described by reference to Figure 6 and Figure 7. The
5 laminate 40 comprises three ceramic layers which are bonded together. The
. base layer 42 is an insulating ceramic, which in one form is
non—piezo-electric. To the base layer are bonded two poled piezo-electric
ceramic layers 44 and 46, the paling directions being in anti-parallel as
" indicated in Figure 6 in the left hand scrap section. '

10 - The laminate is useable for manufacture of ink jet array printhéads
which employ shear mode wall actuators, of “chevron design" type as
disclosed in US-A~5,003,679 aﬁd US-A-4,887,568 (EP-B-0 277 703) and
in US-A-4,887,100 (EP-B-0 278 590). The laminate is cut through the
piezo—electric layers 42 and 44 forming a multiplicity of parallel grooves 18

15 providing ink channels 20 separated by actuator walls 22. Metallised plating
is deposited on the opposing faces of the ink channels as shown in the right
hand scrap section, where it extends the full height of the channel walls
providing actuation electrodes. The walls are coated with a passivant layer
for electrical isolation of the electrode part from ink, and a cover is secured

20 to the top of the walls. Walls of this type being active in both the top and
bottom halves are advantageous because they are able to be operated with
a lower voltage. Such aspects are described in more detail in the above
prior art which are herein incorporated by reference.

The laminate wafer illustrated in Figure 7 is formed of three bonded

25 layers as described by reference to Figure 6 and is of area sufficiently great
to provide a multiplicity of ink jet prinfheads. Twenty are illustrated, but the
method of manufacture below is suitable for wafers accommodating any
suitable large number of printheads for mass manufacture. Horizontal and
vertical lines 47 arid 48 show where individual actuators are diced and

30 parted. .

As previously indicated, it is important that the bond layers between

the ceramic layers 42, 44 and 46 are thin and have a low compliance. This
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as outline grooves shown as dotted |ines representing the |ocation of some
10 ,of the grooves 50 prior to renoval of the channel material. The grooves
18 are formed by edge reference of the wafer approxinmately at the sane
-centres as the grooves 50 so renobving the material formng as well as the
excess glue in those grooves. The bond conpliance of the bond |ayers
form ng the wall actuator obtained usingSthe above process is found to be

. 15 reduced sg_that the bond cgﬁgliance rati o satisfies the requirenent

(hE/'He) < 0. P BRI ¥ Airythsyvalbacivaie 2R there the layers/pee descri bed
i'n the pat enboh@é®basae aHSther4a Subiant(diG-iBhiBited frofs dlastic rotation and

shear, and that, when subjected to actuation voitages, pressure is efficiently
generated in the ink inside the channels in accordance with the voltage
S5 actuation pattern.

Suitably controlled surface roughness of the mating surfaces of the
ceramic layers 42, 44 and 46 may be obtained by lapping or grinding so that
when they are brought together in contact under pressure they touch at the
surface asperities and conform with a mean surface separation of 2um or |

10 less. It is consequently the thickness of the intermediate bond layer
between the ceramic layers that governs the bbnd compliance.

The surface roughness_of the mating surfac’:es.can be measured with
Talysurf equipment providing a value R, which is preferably less than 2um.
It will be recognised that opposing surfaces having each a value R, of, for

15 example, Y2um are likely to produce, when the surface extremities are in
contact, a surface layer of mean thickness approximately 2um.

The formation of suitably thin bond layers is achieved as illustrated in

. Figure 8, which is a section of the laminate of Figures 6 and 7. Itis
accomplished by providing grooves 50 in one or other of the mating surfaces

20 between each of the ceramic layers parallel to and in the locations of the
channels 20. The grooves are located in manufacture by using the edges of
the wafer to provide reference edges and are preferably cut narrower than
the channels. In regions of a printhead where there are no ink channels,
grooves 50 are nevertheless also formed.

25 When the ceramic layers are coated with glue which is applied in
excess and the layers are brdught into contact under pressure, the excess
glue can flow into and along the grooves so that the tendency to develop
substantial hydrostatic pressure in the glue layer during assembly— and
bonding is avoided and intimate conformity of the ceramic layers is attained.

30 If flow of glue along the grooves 50 in the channel direction is insufficient to
avoid the hydrostatic pressure preventing conformity of the layers, cross

grooves (not shown) may also be formed in the locations of the part lines 47
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CLAIMS 1. A nmethod of making nulti-channel pul sed dropl et
deposi tion appar at us , _

-10 -
or 48, to provide secondary drainage. The volume of the primary
grooves 50 in the channel direction however will normally be sufficient to
accommodate excess glue and allow conformity of the ceramic layers.
Following bonding of the ceramic layers under pressure, the laminate
5 wafer 40 is cut through the piezo-electric layers 46 and 44 forming
grooves 18 as illustrated in Figures 6, providing ink channels 20 separated
by the actuator walls 22. The locations of the grooves 50 is shown in
relation to the ink channels 20 in the scrap section in Figure 8 on the right
as outline groaves shown as dotted lines representing the location of some
10 of the grooves 50 prior to remaval of the channel material. The grooves 18
are formed by edge reference of the wafer approximately at the same
ce.ntres as the grooves 50 sa removing the material forming.as Well as the
excess glue in those grooves. The bond compliance of the bond layers
forming the wall actuator obtained using the above process is found to be
15 reduced so that the bond compliance ratio satisfies the requirement
(hE/He) < 0.1 as may be confirmed by resonance tests of the type described
in the p'atent reference US-A-4,973,981 (EP-B-0 376 532).
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conprising the steps in any order of bonding together a stack of |ayers
comprising at | east one |ayer of piezo-electric material and a cover |ayer;
formng a nultiplicity of parallel grooves in said stack which extend ‘T

| east partly through said | ayer of piezo-electric rraTlﬁssnéetHesBéérm
of gaid material between successive dropl 1{ liquid _cha m uE nnel s

bei ng cl osed by said cover layer; and |ocating electro

said walls sogmwgn electric field can be applied to

di spl acenent wal I's transversely to said channels; characteri sed in
that the bonding together of two of said layers conprises the steps of

preparing respectiye | d he surface
roughness to the o\rﬁdem%tng?err”}a%?ﬁmu& ﬂﬂ(ﬁﬁé}ﬁ%%d gﬁ)péé e&é’s@‘fmadhesi ve
and with the raipam;tusuomaemglmersesg:ssmanyawleybﬁgopmagsugahaﬂd stadikogd ng
adhesive to flow in the bondlc;g%stpl ane untgt ., surface extremties of the

respective mat'BYR]S SOMPLSEY & layehet Rifze =flegtrigirraleraland agoves
produce a bondayery frmitlg ARANiHIRKIG oI PEralRl BFSdVESAR daRfStack which extend at

least partly through said layer of piezo—electric material to afford walls of
said material between successive droplet liquid channels, said channels
being closed by said cover layer; and locating electrodes in relation to said
walls so that an electric field can be applied to effect shear mode

10 displacement of said walls transversely to said channels; characterised in
that the bonding togéther of two of said layers comprises the steps of
preparing respective mating surfaces of said layers to reduce the surface
roughness to the order of 2um or less; applying an excess of adhesive and
with the matirig surfaces in register applying pressure and allowing adhesive

15 to flow in the bonding place until surface extremities of the respective mating
surfaces come into substantially direct contact to proguce a bond layer of
mean thickness 2um or less.

2. . A method according to Claim 1, wherein the flow distance of
excess adhesive in the bonding place is uniform over the bonding plane.

20 3. A method according to Claim 2, wherein one of the mating
surfaces is divided by said parallel grooves into surface strip portions of
uniform width.

4. A method according to Claim 3, wherein said one mating
surface has one or more marginal lands of width significantly exceeding the . l
25 width of said surface strip portions and wherein adhesive flow formations are .
provided in or opposed to said lands at a spacing substantially equal to the

width of said surface strip portions.
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2. A met hod according to Claim1, wherein the flow di stance of excess
adhesive in the bonding plane is uniformover the bﬁhlslshmplhaﬂeen Replaced

3. A nmet hod according to Caim?2, wherein one of t ces is
di vi ded by said paral | el grooves into surface strip p H!ﬁorm
wi dt h. : A net hod accordlnqto Caim 3, V\/nereln sal
mati ng surface has one or nore margi nal Rahds of width si gnificantly

exceeding the wldih ofa Sakfi® UELABRGSIERIRT, WRASnARE HOBKRIMnaghes! ve

flow formati ons are provi td sal | an t a spacing
subst ant i al Idistaguelof Ercésscadhative mftheaaouhcm'lg place istiO0pmporti ons.

6. A method according to Claim 5, wherein one of the mating
surfaces is divided by said parallel grooves into surface strip portions of-

5 ~ width 100um or less.

7. A method according to Claim 6, wherein said one mating
surface has one or more marginal lands of width significantly exceeding
100um and wherein adhesive flow formations are provided in or opposed to

said lands at a spacing of 100um or less.

10 8. A method according to Claim 1, further comprising the steps of
forming adhesive flow formations in at least one of said mating surfaces, to

accommodate excess adhesive.

Q. A method according to Claim 8, wherein said adhesive
formations comprise parallel recesses at the same spacing as said parallel

15 grooves.

10. A method according to Claim 8 or Claim 9, wherein said
adhesive flow formations and the excess adhesive contained therein are

removed in the subsequent formation of said parallel grooves.

11. A method according to Claim 1, wherein said two layers to be
20 bound are formed of the same material or of different materials having

respective thermal coefficients of expansion matched to 1ppm or better.
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12. A method of making multi—-channel pulsed droplet deposition

-13 -

apparatus comprising the steps of forming a base with one or more layers of
piezo—electric material, forming a multiplicity of parallel grooves in said base
which extend at least partly through said layer or layers of piezo-electric
material to afford walls of.said material between successive channels,
locating electrodes in relation to said walls sa that an electric field can be
applied to effect shear mode displacement of said walls transversel'y to said
channels and bonding a cover to the base to close said liquid channels,

characterised in that said bonding comprises the steps of preparing

_ respective maﬁng surfaces of the base and cover to reduce the surface

roughness to the order of 2um or less; applying an excess of adhesive and
with the mating faces in régister applying pressure and allowing adhesive to
flow between the surfaces until surface extremities of the respective mating
surfaces come into substantially direct contact with excess adhesive flowing

into said grooves to produce a bond layer of mean thickness 2um or less.

13. A method according to Claim 12, wherein the base mating
surface comprises parallel strip portions defined by said grooves and
marginal portions at opposite sides at least one which is of width significantly
greater than the width of said strip portions, wherein adhesive flow
formations are provided in or opposed to said marginal portion.

14. A method according to Claim 13, wherein said adhesive flow
formations comprise parallel recesses at a spacing comparable with the
spacing of said parallel grooves.

15. A method according to Claim 1'2, wherein the base and the cover
are formed of the same material or of different materials having respective

thermal coefficients of expansion matched to 1ppm or better.

A

Date: 2 1 AUG 1996

This is the replacement sheet



5. A met hod according to Claim1, wherein the .maxi nrum fl ow di stance of
excess adhesive in the bonding plane is 100[ err] mThis Sheet Has B“nen Replacgret hod
according to Claim5, wherein one of the mating surf by sai d
paral |l el grooves into surface stri p portions of wi dt Iess
7. + A nethod according to Claim6, wherein said one na sur ace ‘ha
one or nore margi nal | ands of vm dt h significantly exceedi ng 100[ errjm and
wher ei n adhesive f{@w fRHBEhOEBS nadiend HM-EPAnhBI SlilsPRASHEL déhoshion | ands
at a spacing of 100[err]mor |ess.

-apparatus comprising the steps of forming a base with one or more layers of

piezo—electric material, forming a multiplicity of parallel grooves in said base
mutually spaced in an array direction which grooves extend at least partly
5 through said layer or layers of piezo—electric material to afford walls of said

material between successive channels, said walls having respective top
surfaces lying in a common plane with each other and with marginal lands at
opposite sides of the grooves in the base; locating electrodes in relation to
said walls so that an electric field can be applied to effect shear mode

10 displacement of said walls transversely to said channels; and adhesive
bonding a cover to the top surfaces of said walls and to said marginal lands
to close said liquid channels, wherein said adhesive bonding comprises the
steps of forming adhesive flow formations at the interface of said marginal
lands and the cover and, after the application of excess adhesive, applying

15 pressure between the base and the cover to cause excess adhesive to flow
into said channels and into said adhesive flow formations to provide a bond

of uniform thickness over said common plane.

17. A method according to Claim- 16, wherein said adhesive flow

formations are provided in said marginal lands.

20 18. A method according to Claim 17, wherein said adhesive flow

formations are formed in the same operation as said parallel grooves.

19 A method of making muiti-channe! pulsed droplet deposition
apparatus comprising the steps of forming a base laminate through adhesive
bonding of a stack of layers comprising at least one layer of piezo-electric

25 material; forming a multiplicity of parallel grooves in said base which extend
at least partly through said layer of piezo—electric material to afford walls of
said material between successive droplet liquid channels; and focating
electrodes in relation to said walls so that an electric field can be applied to

effect shear mode displacement of said walls transversely to said channels;
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8. A met hod according to Claim1, further ccmprrm-rg—i—he—sfeﬁs—of

form ng adhesive flow formations in at | east onﬁ] ' é}éaetl surfaces
to accommopdat e excess adhesi ve. Yo Caim
8, wherein said adhesive formations corrprl se paral t t he sane
spacing as said parallel grooves. ing to

Caim8 or Caim9, wherein said adhesi ve fT ow f or mat | ons and t he excess

adhesi ve cont gifade885 H haRftfe bLERRNG YodtnbPEr RAMPSEIUEMyers comprises

the steps of preparing respective mating surfaces of said layers, providing
adhesive flow recesses in one of said mating surfaces and, after the
application of excess adhesive, applying pressure between the two layers to

5 cause adhesive to flow into said recesses, said recesses being located at
the eventual positions of respective ones of said parallel grooves such that
the recesses and excess adhesive contained therein are removed in the

subsequent formation of said grooves.

20. A method according to Claim 19 wherein the adhesive flow
10 recesses are positioned and dimensioned so that the flow distance of excess

adhesive in the bonding plane is 'uniform over the bonding plane

21. A method according to Claim 19, wherein said adhesive flow
formations are provided at such a spacing that the maximum flow distance

of excess adhesive is 100um.

15 22. A method according to Claim 19, wherein the step of applying
pressure between said two layers causes surface extremities of the two

layers to come into substantially direct contact.

23. A method accordihg to any one of Claims 20 to 22, wherein the
bond layer is formed with a mean thickness of 2um or less.

20 24. A method according to any one of the preceding claims

wherein the bond layer is formed with a mean thickness of 1um or less.

25. A method according to any one of the preceding claims
wherein the ratio of the mean thickness of the bond layer in um to the

modulus of elasticity of the bond layer in GPa is 0.4 107'* m Pa™ or less.

R R D R
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formati on of said parallel grooves. 11. A nmet hod according to
Cajm1l, wherein said two |ayers to be bound are fornmed of the sane

material or of different materials having respective thermal coefficients.
of expansi on matched to | ppmor better.
) -16 -
26.

A method according to any one of the preceding claims |

wherein the step of applying pressure comprises the step of applying
pressure at around 50 atmospheres.

This Sheet Has Been ReIpIaoed
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13 - 12. A nmethod of making nmulti-channel pul sed dropl et
depgsi tion apparatus conprising the steps of formng a base with one or
nmore | ayers of piezo-electric material, formng a nultiplicity of parallel
grooves in said base which extend at |east partly through said | ayer or

| ayers of piezo-electric material to afford walls of said material between
successive channels, locating electrodes in relation to said walls so that
an electric field can be applied to effect shear node di splacenent of said
wal | s transversely to said channels and17 -

DROPLET DEPOSITION APPARATUS AND METHOD OF MANUFACTURE

ABSTRACT

As a step in the manufacture of an ink jet printer, a cover (16) is
adhesively bonded to a piezo—électric layer (10) having parallel grooves
(20) which will serve as ink channels in the finished printer. Mating surfaces

5 are prepared, excess adhesive is applied and bond pressure exerted until
surface extremities of the two surfaces come into contact, producing a bond
layer of 2um or less. To ensure that the flow distance of excess adhesive is
uniform over the bond plane, grooves (32) are cut at the margin (30) of the

piezo-electric layer.

Figure 4
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bondi ng a cover to the base to close said Iiquid channels, characterised in
that said bonding conprises the steps of preparing respective mating
surfaces of the base and cover to reduce the surface roughness to the order
of 2[err]mor |ess; applying an excess of adhesive and with the mating
faces in register applying pressure and all ow ng adhesive to flow between
the surfaces until surface extremties of the respective mating surfaces
conme into substantially direct contact with excess adhesive flowing into
said grooves to produce a bond |ayer ofjpgan thickness 2pmor |ess.

13. A met hod according to Caim12, wherein the base mating surface
conprises parallel strip portions defined by said grooves and margi nal
portions at opposite sides at |east one which is of width significantly
greater than the width of said strip portions, wherein adhesive flow
formati ons are provided in or opposed to said margi nal portion.
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14. A met hod according to Claim13, wherein said adhesive flow formations
conpr-i se parallel recesses at a spacing conparable with the spacing of said
paral | el grooves. 15. A nmet hod according to Caim12, wherein
the base and the cover are fornmed of the same material or of different
materi al s havi ng respectlve thermal coefficients of expansion matched to

| ppm or better. '
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- 14 16. A nmet hod of making nulti-channel pul sed dropl et
deposition apparatus conprising the steps of formng.a base with one or
nore | ayers of piezo-electric material, forming a nultiplicity of parallel
grooves in said base nutually spaced in an array direction which grooves

extend at |east partly through said | ayer or |ayers of piezo-electric
material to T : B
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afford walls of said material between successive channels, said walls
havi ng respective top surfaces lying in a conmon plane with each other and
with marginal |ands at opposite sides of the grooves in the base; |ocating
el ectrodes in relation to said walls so that an electric field can be
applied to effect shear node di spl acenent of said walls transversely to
said channels; and adhesive bonding a cover to the top surfaces of said
walls and to said marginal lands to close said |iquid channels, wherein
sai d adhesi ve bondi ng conprises the stepd/df form ng adhesive flow
formations at the interface of said marginal |ands and the cover and, after
the application of excess adhesive, applying pressure between the base and
the cover to cause excess adhesive to flowinto said channels and into
sai d adhesive flow formations to provide a bond of uniformthickness over
sai d common pl ane. 17. A met hod according to C aim 16, wherein
sai d adhesive flow formations are
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provided in said parallel grooves. 18. A nmet hod according to
Claim17, wherein said adhesive flow formations are forned in the same
operation as said parallel grooves. 19. A nmet hod of making

mul ti-channel pul sed dropl et deposition apparatus conprising the steps of
form ng a base | am nate through adhesi ve bondi ng of a stack of |ayers
conprising at |east one |layer of piezo-electric material; formng a
multiplicity of parallel grooves in said _base which extend at |east partly
t hrough said | ayer of piezo-electric mtdrial to afford walls of said

mat eri al between successive droplet liquid channels; and | ocating

el ectrodes in relation to said walls so that an electric field can be
applied to effect
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shear node di spl acement of said walls transversely to said channels;
characterised in that the bonding together of two of said Iayers conprlses

the steps of preparing respective mating
- 15 -
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surfaces of said layers, providing adhesive flow recesses in one of said
mati ng surfaces and, after the application of excess adhesive, applying
pressure between the two | ayers to cause adhesive to flowinto said
recesses, said recesses being |ocated at the eventual positions of
respective ones of 'said parallel grooves such that the recesses and excess
adhesi ve contained therein are renoved in the subsequent formation of said
gr ooves. 20. A et hod accogging to Claim19, wherein the
adhesive flow recesses are positioned dd di mensi oned so that the flow

di stance of excess adhesive in the bonding plane is uniformover the
bondi ng pl ane.
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21. A et hod according to O aim 19, wherein said adhesive flow forma'{ I ons
are prevt ded at such a spacing that the maxinim.flow.distance._of excess
adhesi ve is 100[errm 22. A net hod. acceEsinUEHANT @hEn ko, 3 ;
wherein the step of applying pressure between sald_is_v\ﬁ"}ayef

surface extrenities of the two layers to come jnfaisihs €
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CLAIMS

1. A method of making multi-channel pulsed droplet deposition apparatus
comprising the steps in any order of bonding together a stack of layers comprising at least
one layer of piezo-electric material and a cover layer; forming a multiplicity of parallel
grooves in said stack which extend at least partly through said layer of piezo-electric material
to afford walls of said material between successive droplet liquid channels, said channels
being closed by said cover layer; and locating electrodes in relation to said walls so that an
electric field can be applied to effect shear mode displacement of said walls transversely to '
‘said channels; characterised in that the bonding together of two of said layers comprises the
steps of preparing respective mating surfaces of said layers to reduce the surface roughness to
the order of 2pm or less; applying an excess of adhesive and with the mating surfaces in
register applying pressure and allowing adhesive to flow in the bonding plane until surface .
extremities of the respective mating surfaces come into substantially direcf contact to

produce a bond layer of mean thickness 2pum or less.

2. A method according to Claim 1, wherein tﬁe flow distance of excess adhesive

in the bonding plane is uniform over the bonding plane.

3. A method according to Claim 2, wherein one of the mating surfaces is divided
by said parallel grooves into surface strip portions of uniform width.

4. A method according to Claim 3, wherein said one mating surface has one or
more marginal lands of width significantly exceeding the width of said surface strip portions
and wherein adhesive flow formations are provided in or opposed to said lands at a spacing

substantially equal to the width of said surface strip portions.
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24. A nmet hod according to any one of the preceding clains wherein the
bond«l ayer is formed with a mean thickness of 1[err]mor less. - 25,
A met hod according to any one of the preceding clains wherein the ratio of
the nean thickness of the bond layer in [errmto the nodulus of elasticity
of the bond layer in Gpa is 0.4 10[err] mPa[err] or |ess.
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5. A method according to Claim 1, wherein the maximum flow distance of

excess adhesive in the bonding plane is 100pum.

6. A method according to Claim 5, wherein one of the mating surfaces is divided

by sa1d parallel grooves into surface strip portions of width 100um or less.

7. A method according to Claim 6, wherein said one mating surface has one or
more marginal lands of width significantly exceeding 100um and wherein adhesive flow

formations are provided in or opposed to said lands at a spacing of 100pum or less.

8. A method according to Claim 1, further comprising the steps of forming
adhesive flow formations in at least one of said mating surfaces, to accommodate excess

adhesive.

9. A method according to Claim 8, wherein said adhesive formations comprise

parallel recesses at the same spacing as said parallel grooves.

10. A method according to Claim 8 or Claim 9, wherein said adhesive flow
formations and the excess adhesive contained therein are removed in the subsequent

formation of said parallel grooves.

11. A method according to Claim 1, wherein said two layers to be bound are
formed of the same material or of different materials having respective thermal coefficients

of expansion matched to 1ppm or better.

| RN e e, the fopiacemer shest
. * C L . “ S . * )

Date: 1 [ AUG 1999



- 16 - 26. A method according to any one of the preceding clains
wherein the step of applying pressure conprises the step of applying
pressure at around 50 atnospheres.

12. A method of making multi-channel pulsed droplet deposition apparatus
comprising the steps of forming a base with one or more layers of piezo-electric material,
forming a multiplicity of parallel grooves in said base which extend at least partly through
said layer or layers of piezo-electric material to afford walls of said material between
successive channels, locating electrodes in relation to said walls so that an electric field can
be applied to effect shear mode displacement of said walls transversely to said channels and
bonding a cover to the base to close said liquid channels, characterised in that said bonding
comprises the steps of preparing réspective mating surfaces of the base and cover to reduce
the surface roughness to the order of 2um or less; applying an excess of adhesive and with
the mating faces in register applying pressure and allowing adhesive to flow between the
surfaces until surface extremities of the respective mating surfaces come into substantially
direct contact with excess adhesive flowing into said grooves to produce a bond layer of

mean thickness 2pum or less.

13. A method according to Claim 12, wherein the base mating surface comprises
parallel strip portions defined by said grooves and marginal portions at opposite sides at least
one which is of width significantly greater than the width of said strip portions, wherein

adhesive flow formations are provided in or 6pposed to said marginal portion.

14. A method according to Claim 13, wherein said adhesive flow formations

comprise parallel recesses at a spacing comparable with the spacing of said parallel grooves.

15. A method according to Claim 12, wherein the base and the cover are formed
of the same material or of different materials having respective thermal coefficients of

expansion matched to 1ppm or better.
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16. A method of making multi-channel pulsed droplet deposition apparatus
comprising the steps of forming a base with one or more layers of piezo-electric material,
forming a multiplicity of parallel grooves in said base mutually spaced in an array direction
which grooves extend at least partly through said layer or layers of piezo-electric material to
afford walls of said material between successive channels, said walls having respective top
surfaces lying in a common plane with each other and with marginal lands at opposite sides
of the grooves in the base; locating electrodes in relation to said walls so that an electric field
can be applied to effect shear mode displacement of said walls transversely to said channels;
and adhesive bonding a cover to the top surfaces of said walls and to said marginal lands to
close said liquid channels, wherein said adhesive bonding comprises the steps of forming
adhesive flow formations at the interface of said marginal lands and the cover and, after the
application of excess adhesive, applying pressure between the base and the cover to cause
excess adhesive to flow into said channels and into said adhesive flow formations to provide

a bond of uniform thickness over said common plane.

17. A method according to Claim 16, wherein said adhesive flow formations are

provided in said parallel grooves.

18. A method according to Claim 17, wherein said adhesive flow formations are

formed in the same operation as said parallel grooves.

19. A method of making multi-channel pulsed droplet deposition apparatus
comprising the steps of forming a base laminate through adhesive ﬁonding of a stack of
layers comprising at least one layer of piezo-electric material; forming a multiplicity of
parallel grooves in said base which extend at least partly through said layer of piezo-electric
material to afford walls of said material between successive droplet liquid channels; and
locating electrodes in relation to said walls so that an electric field can be applied to effect
shear mode displacement of said walls transversely to said channels; characterised in that the

bonding together of two of said layers comprises the steps of preparing respective mating
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surfaces of said layers, providing adhesive flow recesses in one of said mating surfaces and,
after the application of excess adhesive, applying pressure between the two layers to cause
adhesive to flow into said recesses, said recesses being located at the eventual positions of
respective ones of said parallel grooves such that the recesses and excess adhesive contained

therein are removed in the subsequent formation of said grooves.

20. A method according to Claim 19, wherein the adhesive flow recesses are
positioned and dimensioned so that the flow distance of excess adhesive in the bonding plane

is uniform over the bonding plane.

21. A method according to Claim 19, wherein said adhesive flow formations are

provided at such a spacing that the maximum flow distance of excess adhesive is 100pum.

22. A method according to Claim 19, wherein the step of applying pressure
between said two layers causes surface extremities of the two layers to come into

substantially direct contact.

23. A method according to any one of Claims 20 to 22, wherein the bond layer is

formed with a mean thickness of 2um or less.

24. A method according to any one of the preceding claims wherein the bond

layer is formed with a mean thickness of 1um or less.

25. A method according to any one of the preceding claims wherein the ratio of
the mean thickness of the bond layer in pm to the modulus of elasticity of the bond layer in
Gpais 0.4 10" m Pa™ or less.
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26. A method according to any one of the preceding claims wherein the step of

applying pressure comprises the step of applying pressure at around 50 atmospheres.
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