g

i

PO PCT/ GB91/ 00720

cripticn @ paged Lot paged L E
W Cla vm(s)  :paged B to paged ..M. i
i/ Drrawing(s) : paged .. ”5.. to paged 9[5 .....
i Abstract  :paged..28. to paged ..7.....
DATE OF RECEIPT ..,

Drop-on-Demand Printing Apparatus and
Method of Manufacture Thereof.

Improvement of printing resolution in drop*on—demandﬁ
array printheads implies the provision of arrays of increasing denSit&
and therefore thinner channel walls. Where shear mode actuated arrays
formed from piezo-electrlc matefial such as are described in co-pending
European patent applications 88300144.8 and 88300146.3, are employed, the
manufacturlng processes for making the channels, for the formation on the
channel gide walls of electrodes, for passivation coating of the

electrodes, for the slectrical ce“nection of the array etc,, br
manufacturing composite yields which diminish as the size of the ar?ay
increases. It is accordingly one object of this invention to enable .
reliable manufactﬁre of drop-on-demand printheads having high densitj_
arrays of substantial dimensions in the array direction. -

The present invention consists in the method of
manufacture of a drop-on-demand droplet printing apparatus of the klnd
conprising a body formed with a hlgh density array of parallel prlntlng
liquid channels extending normal to the array direction, nozzles
respectively connected with said channels, printing liquid supply means
with which said channels each communicate and pressure pulse applyiﬁg
means provided with each channel and adapted to apply pressure pulses to
printing liquid in the associated channel to effect droplet ejectionf
therefrom, characterised by forming said body from & plurality of like .
modules serially ﬁutted together at facing end surfaces disposed.nefﬁal'
to said erray direction, and'providing nozzles resﬁectively connected
with said channels, the arraﬁgement enabling ejection of droplets from
the channels so that said droplets are deposited on a printing surfece at
a predetermined spacing transversely to the direction of relative -
movement between the apparatus and said surface.

The manufacture-of the array in small modules results -
in higher manufacturing success rate.

Advantageously, a szngle nozzle plate is applied to
span said modules and said nozzles are formed in said plate. '

Suitably, the*method of the invention is characterised

by forming said nozzles by pféviding'masking means comprising two
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matching masks of’which a first mask is a no;zle forming mask and a
second mask is & module alignment mask: saidﬁnozzle forming mask being
fobmed with an arfay of holes correspondingﬂto the locations of nozzles
to be formed and with module alignment sarksaand said module alignment
mask being formed with module alignment ma?ﬁs_matching the module
alignment marks of the:nozzle'forming mask,;employing said module
alignment mask to position said modules in serially butting end to end
relationship at locations predetersined by the alignment marks of said
module alignment mask, assembling said modules together to form said

' body, bonding said nozzle plate to said body, employing said nozzle

forming mask to align S&ld modules of sald'body to the module alignment
marks on said nozzle forming mask imr the samé relationship as said
modules were aligned to the module alignmenﬁ'marks of the module
alignment mask and employing said nozzle forming mask with said modules
so aligned therewith to form nozzles respectively opening into the

channels of said modules. )

Preferably, the method ihelﬁ&es forming said masking
means from a piece of sheet material having's first part constituting
said module alignment-mssk bearing module alignment marks and a second
part constituting said nozzle forming mask bearing said array of holes
and said module alignment marks matching thejnodule alignment marks on
said first part and dividing said sheet into said first and second parts
to form said two maiching masks. e

In one form the method of the invention is
characterised by forming said nozzles with ‘the axes at least of alternate
nozzles coplanar and so inclined so that in‘operation of the apparatus
droplets are deposited: from the nozzles'on:s7printing surface at a
substantially uniform spacing transverselygis the direction of relative
novement between the apparatus and said'suﬁfsce.

In another form the method includes forming said
modules each with a sheet of pLezo-electrlc materlal poled in a direction
normal thereto, said channels defining’ channel dividing side walls

therebetween, spplylng electrode means to_channel facing .surfaces of said
means of each channel side

ting deflection in shear

side walls and connectxng to said electro

wall electrical pulse applying means for ef€
mode of said channel side walls to enable droplet ejection from said

channels, characterised by forming each module in opposite end surfaces
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thereof with respective channel partS'sp théé, upon butting together of
said modules to form said body, further‘chanﬁels are formed between
respective pairs of butted modules thereby to provide in said sheet an
array of like channels unlformly spaced in said array direction and
forming said nozzles communicating respectlvely with the channels of the
body.

_ The invention further consists in a drop-on-demand
droplet printing apparatus comprising a body formed with a high density
array of parallel printing liquid channels extending normal to the array
direction, nozzles respectlvely connected with said channels and pressure
pulse applylng means prov1ded with each channel and adapted to apply
pressure pulses to printing liquid in the associated channel to effect
droplet ejection therefrom, characterised in that said body comprises a
plurality of like modules serially butted together at facing end surfaces
thereof disposed normal to said array direction and said nozzles are
disposed to enable ejection of droplets to be deposited on a printing
surface at a predetermined spacing transversely to the direction of
relative movement between the apparatus and said surface.

Suitably, said nozzles are formed in a single nozzle
plate which spans the channels of the serially butted modules.

In one form of the invention, in the body of the
apparatus each module in said fac1ng end surfaces is formed with
respective channel parts so that further channels are formed between

respective pairs of said butted modules thereby affording in said body an

array of like channels ﬁniformly spaced in said array direction and said -
nozzles have their axes parallel and communlcatlng respectively with the

channels of said body. : ' :
The 1nvent10n further conszsts in masking means for

forming nozzles in communication respectively with channels of a high
density array of channels in an elongate_boﬁ§ formed by a plurality of
modules butted together in series, comprisiég a module alignment mask and
a nozzle forming mask in each of which are“bfovided matching module
alignment marks and,. in the nozzle forming mask an array of holes
corresponding to the- locatlon of the. nozzles to be formed, whereby said
module alignment mask is employed to p051t10n the modules of the body in
accordance with the module alignment marks and said nozzle forming mask
is employed to locate said body relatlvely to the module alzgnment marks
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of said nozzle formlng mask in the same relatlonshlp as said modules were

aligned to said’ allgnment marks of sald module allgnment mask so that

said holes in said nozzle forming mask can be used to form said nozzles.

Preferably, said module allgnment mask and said nozzle
forming mask are. made from a 31ng1e sheet whlch is severed into said
masks after forming said matchlng alignment and said array of holes

thereon. _
The invention also consists'ia the method of

manufacturing a plurality of like modules eaCh.having formed therein a

high density array of ﬁarallel channels, cha:acterised by providing a

sheet of material, cutting in a surface of Said sheet at least two like

arrays ot parallel channels on opposite sides ot a part of said sheet of
width in the array direction.greater than the channel width and removing
said part of said sheet between said arrays to separate said modules.

Suitably, there is formed at each side of saié part of
said sheet between said arrays and adjoining'said part a further channel
parallel with and of depth greater than theaarray channels and of half
the width of the array channels in the array direction and separating ’
said modules by removing from the side of a sheet remote from the arrays
a portion of width in the array direction greater than the part of the
sheet between the arrays and which intersecﬁs each of the further

channels.
The invention will now be-des;ribed, by way of example,

with reference to the accompanying drawings, in which:-

FIGURES 1(a), 1(b}, 1(c) and'l(d)-are respective
sectional side‘elevations.of array, drop-on-demand printheads formed by
the manufacturlng methods of the present invention;

FIGURE 2(a) is a sectional end elevation of a
piezo—electric sheet of material zllustratlng a stage in the manufacture
according to the invention of the printhead}illustrated in Figure 1(c);

FIGURE 2(b) is a fragmentary perSpectlve view of a
prlnthead module at a stage of manufacture follow1ng that illustrated in

Figure 2(a}; : ER

FIGURE 3 is: a plan view of a mask used for alignment of

modules and for the nozzle manufacture stage of the printhead; and,
FIGURE 4(a) is a dlagrammatlc ‘plan view illustrating

the nozzle formlng stage in the manufacture "of the prlnthead
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FIGURE 4(b) is a view of the.épparatus used in the
nozzle manufacturing stage illustrated in Figure 4(a).

The description which follows relates to the
manufacture of array, drop-on-demand printheeds which comprise a sheet of
piezo~-electric material poled in a directiOnﬁnormal to the sheet and
formed with an array of printing ink channeie which extend normal to the
array direction and define channel dividing side walls therebetween,
nezzles respectively connected with said channels, printing ink supply
means with which said channels each communicate, electrode means applied
to channel facing surfaces of said side walls and means for connecting
said electrode means to electrical pulse appiying means to effect
deflection in shear mode of said chamnel side walls to cause droplet
ejection from said channels, .said deflection of each side wall being in
the direction of the field aspplied thereto when the electrode means
thereof are subject to an electrical pulse from'sa$d pulse applying
means. ' _ '
Such printheads are described in co-pending European
patent applications 88300144.8 (Publication No. 0277703A), 88300146.3
(Publication No. 0278590A) and 89309940.8 (Publication No. O 364 136),
the contents of which are herein incorporated by reference.

Notwithstanding that the following description of the
embodiments of the invention is based on arrey printheads of the kind
referred to, it will be apparent to those skilled in the art that the
invention described herein is also applicable to other forms of array
printhead such as are illustrated, for example in US-A~4,584,490 and
Us-A-4,296,421, _
Referring now to Figures 1(a) to 1{d), in which like
parts are accorded the same reference numerais, the array printhead 1
illustrated in Figure 1(a) comprises a sheet{3 of piezo-electric
material, suitably PZT (lead zirconium titanate), formed in opposite

faces 5 thereof with array channels 7 and po}ed normal to said channels

as indicated by arrows 9 and 11. As will behappreciated from the

description below of Figures 2 to 4, the aﬁpey printheads of Figures
1(a)-1{d) are formed from serially butted modules 2 of limited length in

the array direction, that is to say the direetion perpendicular to and in’

the plane of the axes of channels 7. Many considerations influence the

choice of module length to be employed for example processing and
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assembly yields'of_the module sub-assembly, thermal expansion tolerances
in the array direction, available PZT meterial sizes, available LSI drive
chip number of terminations, etc

The channels 7 are cut in the sheet 3 by grinding using
a dicing cutter of the kind described in co—pendlng European Patent
Application No. 88308515.1 (Publication No. 0-309 148) and in the manner
described in co-pending European Patent Application No. 89309940.8
(Publication No. O 364 136) so that the channels are defined between
facing side walls 13 having channel facing surfaces 17 on opposite sides
thereof to which are applied.respective coatings 15 of metal to provide
electrodes 19 te which en electrical impuiséftan be applied to cause
deflection of the correeponding side wall in the direction of the field
caused by the impulse. Such Qeflection in turn causes a pressure pulse
to be applied to printing liquid in the channel. In operetion of the
arrangement of Figure 1(a) any particular channel is activated by
applying a pulse to the electrodes 19 of each of the channel side walls
and each side wall is employed in the pulsing of the channels on opposite
sides thereof.

The electrodes 19 have a passivating layer (not shown)
applied thereto which insulates them electricelly and protects them from

chemical attack.
The channels 7 are provided with cover plates 21 in

which are formed printing ink supply ducts 23 which extend in the array
direction and commimicate with each channel'T. At the forward ends
thereof the channels 7 are closed by a nozzle plate 25 which spans all
the serially butted modules 2 and in which are formed convergent nozzles
27 which communicate with the respective chahhels 7 of the modules. At
the ends of the channels 7 remote from the nezzle plate are provided
respective connectioﬁ'qeceSSes 29 which are in alignment with the
channels so that each comnection recess conneEts with the corresponding
channel by way of a briage'31 The channels;7 are cut by the dicing

| to a greater depth than the depth of the connection
With this

L

cutter referred to,
recesses which are cut to a greater depth than the bridges.
arrangement, by plating the electrodes 19 to a depth in the channels

greater than the depth of the connection recesses. the bridges and sides
and base of the connection recesses are coated with metal to render them

conducting in the. respectlve stages that the fac1ng surfaces of the
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channel side walls have the electrodes 19 applled thereta.
The connectlon recesses 29 are connected by bonding to

terminations 34 of an LSI multiplexer 5111con ‘chip.
The rows of nozzles 27 are mutually staggered so that

drops deposited therefrom on the printing substrate are at double the

density of each of said rows. These nozzle_rows are formed in the manner

described in Europearn Patent Application 88308513.6.

Whilst the arrangement of Fiénre 1(a) has been
described as having channel arrays in opposfte'faces of the sheet 3, the
channel arrays coulddinstead be formed in separate sheets which,
subsequently, are’dlsposed back to back.

Referring now to Figure 1(b) .in which is shown an

alternative'printheaduleyout. This provides?a tapered block member 41 on

which the sheets 3 formed with the respectlve channel arrays are mounted.,
The member 41 lnsteed of the cover plates 21 houses the ink feed ducts 23
which are supplied through passages 43 from ‘an ink supply manifold 45,
As in the embodiment7of Figure 1(a) two rows of mutually staggered
nozzles 27 are provided for the channels 7'of the respective arrays.

The design of the printhead of Figure 1(c) is derived
from that of Figure 1({a) by taking sheet 3 where this is formed as two
sheets disposed back to back and arranging“those sheets with the channel

arrays thereof facing one another. -The c°ver plate 21 is in two parts 28

disposed in parallel between the sheets 3 and to which the sheets 3 are
bonded so that the parts 28 define therebetween the printing ink supply
duct 23. Again,_the.nozzle plate 25 spans the serially butted modules 2
of each array end iS“forned with two rows of mutually staggered nozzles
27 which communlcate: ith respective channels 7.

The prlnthead illustrated 1n Flgure 1(d) comprises a
single row of nozzles 27 in the nozzle plate 25 which communicate with
the respective ink channels 7 of the sheet. 3 of serially butted modules 2
at the mld-po1nt of the length of the channels. The channels 7 are
provided at each- end.thereof with a connect on recess 29 which connects

"the arrangements al eady described, by way of a
7'is provided by two ducts 33

with the channel:fas 1
bridge 31. The ink ‘feed to the channels
cut in a cover fecf 5'of the sheet.3 to
communicate with opposite ends respectlvely of the channels 7 and a cover
plate 37 is bonded_to\the face 35 of the modules 2 to close the ducts 33.
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Accordingly, in sfdellvered to each channélf? upon actuation thereof

from opposite dizec
condensation fl'w_from both ends of the channel and permits operation at

a lower voltage
The manner of serially buttlng together the modules 2

of the prlnthead ls now descrlbed using the prlnthead section of Figure
1{c) for lllustratlve purposes. The procedure described involves the
production and'assembly of modules which haQe,active channels formed on
only one face'of_a sheet'3 of piezo—electric”material The principles of
fsembly of these butted modules can be applied to other

manufacture an
printhead structures for example, those dlsclosed in US-A-4,584,490 and

US-A-4,296,421. " ~
Flgure 2(&) lllustrates a sheet 3 of piezo-electric
material formeddulth_two arrays of channels Z;of respective modules 2 and
the channels of;égch'azray being formed by side walls 13 having facing
surfaces 17 anzﬁtdttOmlsnrfaces 37. The channels are provided at
correspondingﬁendsithereof with respective connection recesses 29, there
being a bridgef l;betseen each channel and its connection recess which on

bonding of the cover plate 21 forms a liquid. seal
e modules 2 are connected by a thick wall 39 whlch

is, as herein_ en described later removed thus separating the modules.
. Outer surfacesa i?of ‘the wall 39 are defined by cuts 43 formed by a

narrow dicing ade '+ which forms half-width channels 45 and 47. These are
-cut deeper than the channels 7 and have a uniform depth. The narrow
dicing blade 1n,cutt1ng ‘the half width channels dresses the outer
surfaces 49 and 51 of. channels 45 and 47 and ‘the outer surfaces 41 of the
thick wall 39 the lli er surfaces being located to enable plating down
the wall of the _ute.“o_t channel of each mddule to the same extent as is
desired for th urfaces:17 of channel wall“flS A similar wall 39 and a
half width che _e-:i*‘located at the outer'end of each module so that

"ﬁﬁ'iiﬁ‘li‘iiiﬁifi“m i
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which cuts 53 are formed which extend into the'sheet 3 beyond the bottom
of the half-channels 45 and 47. The body of the sheet material between
the cuts 53 is remdved'by the action of makiﬁg the cuts 53 at low
tolerance so that the ‘modules 2 are separated; Figure 2(b) illustrates
in perspective one of7the-modules 2 after separation thereof.

In the;errangement of Figure 1{c) the ink supply ducts
33 are formed in the sheet 3 and the electrode plating is conveniently
done ﬂollowing'the-cutting of the channels 7 or at any time prior to
sepsrating the moduiee; '

After_the'modules are separated they are robotically
transferred to an assembly jig where they areioptically aligned end to
end. ! - '

' When aésembling a'printﬁegd from modular components,
tolerancing is of gféat ;mportance. In-partieular, it is desirable to
locate the nozzle centres (and drop ejection axes) to an optical standard
of accuracy in order to achieve uniform and fepeetable drop placement
accuracy which is especially important for 4-colour printheads to avoid
Moire interactions. '

It is therefore.necessary, first to manufacture the
modules with their aéray channels 7 at a piteh accuracy within defined
tolerances in each module. Secondly, the modules have to be assembled

- into locations so that'the channels from one module to the next fall
within acceptable tolerances and, thirdly when the nozzle mask through
which, in the manner described in co-pending European Patent Application
No. 88308513.6 (Publicatlon No. O 309 146), the nozzles are ablated in
the nozzle plate 27 which is applied to the full width of the printhead,
the nozzles across the entlre printhead must respectlvely fall wholly or

4

substantially within: the channels. .
The multi-dzsc cutter and the cutter for making the

half-width channels are able to achieve the manufactur1ng channel

tolerances in the modules in the sheet 3 if necessary employing
‘or modules up to a maximum width. The second and

temperature control :

third steps are achieved :
' 'zérately with matching module alignment marks or

_eet which is d1v1ded to separate the nozzle

by making the nozz;e ablation mask and a module

together from a 31n31
ablation mask portion from the module allgnment mask portion and ensure

by reason of matching module alignment marks in the masks that a
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printhead which is assembled with the alignment mask has nozzles formed
in its nozzle plate w1th the matching ablation mask which communicate
respectively w1th the printhead channels.

Accordingly a mask 61, illustrated in Figure 3, is

. provided’whichmisimade of silicon and from which the alignment and nozzle
ablation masks;srexprodueed. Silicon is a suitable material for making a
full width priﬁﬁheaddnezzle ablation mask because it has a high sblation
threshold, suiﬁeble_for an excimer laser contact ablation mask, a low
thermal'expansien coefficient and because precision silicon etching is
widely practiced. _ ‘

. The area of the mask 61 is accordingly divided by
separation line b3 etched thereon into two parts 65 and 67. In part &5

_ are etched two pairs ‘69, 71 of rows 73 and 75 of coplanar, alternate
holes. In each pair 69 and 71 the holes in the rows 73 and 75 are offset
by a spacing qf hslf the print resolution and are of a size suitable for
ablating nozzlessinffhe manner described in co~pending European Patent
Application No: ' 88308513.6 (Publication No. 0 309 146). Etched in the
mask 61 édjaceét'the_ndzzles holes at locations representing the centre
lines of the méd@les are pairs of marks 77 whieh straddle the separation
line 63 so théifafﬁer separation of the mask along the line 63, each part
thereof is provided With module registration marks 77. Thus the part 67

of the mask is used to align the modules during bonding thereof whilst

the part 65 isﬁused to ablate the nozzles.
'ATo assemble the printhead the alignment mask 61 is
first placed at suitable ‘station of a "pick and place" robot adjacent a .

full width cover plate 25. The alignment of the mask and cover plate is
be achieved to the requisite extent by pressing each
The modules are subject in the "pick

not critical: and .can :
1ongitud1nally against an end stop.
and place" machin'- e:a sequence of steps which includes:

(a) plcklng up each module 2 from the sheet 3 from which it has been

separated;: .
{b) connecting ‘an LSI chlp terminations to the connection recesses of the

modules, e
(c) testing the 1n grity of the electrical connectlons and the activity

of the channel side wa _ ,
(d} applying bondin glue to the end walls of the modules and the faces

thereof to be“ eggped -to the cover plate, . [,
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{e) placing the ﬁodules in alignment on the inthead.
Alignment is carried out emplwylng a vision camera

which images both the module and the allgnment marks on part 67 of the

mask 61 in optically superlmposed images. Ihe centre of the module is

ascertained by compuier and the module is thehtﬁoved to the cover plate
so that the centre of the module as seen by ‘the camera is in alignment
with the requisite alignment mark 77 on the mask part 67. This procedure
is repeated with successive modules until a_module is in alignment with
each mark 77 on the nask part 67. The tolerahoes between the modules are
made up by filling'wiﬁh glue bond material.jiThe glue bonds between the
modules and between the modules and the cover plate are cured by an
UltraViolet (UV) curing or heat curing_energy;pulses.

Another camera. may be'employea;to inspect the bond
lines for 100 per cent integrity thereof.

Although the method described of module allgnment calls
for the employment of a module allgnment mask to effect correspondence
between alignment marks on centres of the modules and the mask, an
alternative indirect piocedure can be adopted in which the alignment mask

is used to create marks on a substrate, suitebly an array wide sheet

which serves as the covef plate of the channels. Thus the modules are

assembled by alignment thereof on the substrﬁte relatively to the marks

created thereon through use of the alignmenﬁ-mesk.
It will be noted that in the case of the embodiments of

Figures 1(a) and {c) the common ink supply ﬁeens for the channels of the

assembled printhead are located in the cover plate of the channels
whereas in the embodiment of Figure 1(4d) the .common ink supply means are

formed by first buttlng together of the modules and then mounting the

butted modules on the cover plate. In Flgure 1(b), however, the common

ink supply is prov1ded in the mounting block on which the modules and

their cover plate 21 arecarried.

In the;nozzle ablation proc
laced adjacent the nozzle

mask part 65, part 67 of
ignment of the mask part

wvision camera. The silicon

conveyed into an ablé%ioﬁ station where it
ablation mask which was formed in the allgnm
which was used for assembly of the modules

65 with the printheed;;siagaln checked with:'&
25 and PZT sheet 3 are partly transmissive

mask part 65, the nozzle plate

to infra-red light Sd;an-image of the channels on the nozzle mask part
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can be obtained énd nozzle placement in the‘dﬁannels verified. The
nozzles are then progressively ablated 51mu5 aneously along the full
length of the prln;head. Consequently the precautlon of meking and
assembling parts by the above jigging procedure indicates that tolerances
of £ 3p in nozzle placement can be met evenfﬁﬁ0ugh the manufacturing and
assembly tolerances are greater.

In the event that the channels common to two butted
modules are unusable as aétive channels, for example, if the glue bonds
prove unreliable and cannot be sealed against'the actuating ink pressure,
then one or more channels will be inactive.

_ Figures 4(a) and (b) illustrate the nozzle ablation
procedure applicable to modules separated by éhe or more inactive
channels. In this case the ablation jig-is placed adjacent to the full
width nozzle plate 25 and is ablated in sections corresponding to each
module width. A light beam 74 from UV excimer laser source 76, though,
if desired, other forms of high energy beams can instead be used, is
directed onto the nozzle plate 25 with a small degree of convergence by
way of a lens 79 or mirror. As a consequence the nozzles are ablated
with their axes slightly fanned. The nozzles at the end of each module
therefore spread so that at a distance equal'to the drop flight path from

' the nozzle plate to the paper surface, the'printed dots are uniform, the
actual density of nozzles along the nozzle plate therefore being greater

than the mean dot spacing.
' It will be apparent that where the channels between the

butted modules are usable, the nozzles are ablated with their axes
parallel employing a parallel laser beam.

In an alternative embodiment of the invention the
modules are formed with each end surface thereof contained in a plane
normal to the srray direction and with the thickness of the outer walls

of the end channels of each module substantlally the same or greater than

that of the other channel walls of the module The wall thickness at the

junction of each palr of modules thus exceeds;that of the other channel
walls of the modules. Accordingly, the noiziés 27 in the plate 25 are
formed as described in relation to Figures U4(a) and 4(b) so that the
nozzles of the modules are fanned progressivé’outwards from the centre of

the modules.
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of a drop-on-demand

Claims

_Ii;. ‘The method of manufactur
droplet prlntlng -apparatus of the kind comprlelng a body formed with a
high density array of parallel printing llq_ld channels extending normal
to the array dlrection. nozzles respectlvely connected with said
channels, printing liquid supply means with whlch said channels each
communicate anj'pre53qre pulse applying means*pfovided with each channel
and adapted tﬁ: ppi& pressure pulses to printing liquid in the associated
channel to effect'droplet ejection therefrdfeﬁcharacterised by forming
said body from a plurallty of like modules eerlally butted together at

facing end surxaces disposed normal -to said: array direction, the
arrangement enapling ejection of droplets frqm the channels so that said
droplets are de§§31ted on a printing surfaqeiat a predetermined spacing
transversely tefﬁﬁe”direction of relative moéement between the apparatus
and said surface;i

_2.. The method claimed in Clalm 1, characterised by
epplying a 81ngle nozzle plate to said body to span said modules and
forming sald nozzles in said plate.

'”315 The method claimed in Clalm 2, characterised by
forming said nOZzies by providing masking means comprising two matching
masks of whlch a first mask is a nozzle forming mask and a second mask is
a module alignment nask said nozzle formlng ‘mask belng formed with an
array of holes correspondlng to the locatlons of nozzles to be formed and
with module allgnment marks and said module allgnment mask being formed -
with module alignment marks matching the module alignment marks of the
nozzle forming mask ‘employing said module allgnment mask to position
said modules in serially butting end to end: lationship at locations
predetermined by the -alignment marks of sald module alignment mask,
‘assembling said modules together to form sa;d body, bonding said nozzle
plate to said body, employlng said noz;le forming mask to align said

modules of saidﬂbgdy to the module alignment:marks on said nozzle forming
. s were aligned to the module

d employing said nozzle

mask in the samefrelationship as said module
alignment marks;of the module alignment mas
forming mask with said modules so aligned therew1th to form nozzles
respectively openlng lnto the channels of sald modules

® 0 G oL “ s Ll
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fﬁ’ The method claimed claimj

characterised by crmlng said masking mean _ rom a piece of sheet
material having . a first part constltutlng sald module alignment mask
bearing module alignment marks and a second part constituting said nozzle
forming mask bearing said array of holes- and S&ld module  alignment marks
matching the module alignment marks on said flrst part and dividing S&ld
sheet into said first and second parts to form ‘'said two matching masks.

5. The method claimed in Claim 3 or Claim 4,
characterised by forming said masking means from material having a high
ablation threshold‘and.employing an ablation.laser to form said nozzles.

_ 6. The method claimed in Clainfs, characterised by
forming said masking means from silicon and_fcrming said holes therein
and said alignment marks thereon by etchlpg.l.

7.' The method claimed in any preceding claim,
characterised by forming said nozzles with tne.axes of at least alternate
nozzles coplanar and so inclined so that in operation of the apparatus
droplets are deposited from the nozzles on a brinting surface at a
substantially uniform spacing transversely in the direction of relatlve
movement between. the apparatus and said surface.

8. The method claimed in Clalm 7. characterised by
forming said nozzles with a slightly convergent. high energy beam
directed towards the nozzle plate and by way of a mask formed with

apertures correspondlng to the nozzles to be formed

) 9. The method claimed in any precedlng claim, which
includes forming said modules each with a sheet of piezo-electric
material poled in a- dlrectlon normsl thereto, .said channels deflnlng
channel dlvidlng 31de walls ‘therebetween, apﬁlylng electrode means to
channel facing surfaces of said side walls and connecting to said
electrode means of each channel side wall electrlcal pulse applying means
for effecting deflectlon in shear mode of sald channel side walls to
enable droplet eJectlon from said channels characterlsed by forming each

module in opposite end surfaces thereof w1th respectlve channel parts so
form said body, further

of butted modules thereby to

that, upon butting together.of sald module

channels are formed. betweenfi : a
provide in said sheet an array of like channels uniformly spaced in said

array direction and forming 'said nozzles cammunlcatlng respectively with
the channels of ‘the body. 10. The method claimed in Claim 9,

T i
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characterised ﬁy.forming said channel parté*so-that the junction of each
brmal to said array direction

pair of butted ‘modules extends in a plane
and containing the longitudinal axis of tﬁé5further channel formed

between said pair of butted modules. =

11. The method clsimed in Claim 9 or Claim 10,
characterised by applying, prior to buttiﬁg of said modules, said
electrode means to channel facing surfaces of said side walls of each
module including the side‘whll surfaces of éaid channel parts each of
which faces the corresponding channel partiof the respective adjacent

module to which butting is effected.
12. The method claimed in Claim 11, characterised by

applying a layer of passivation material to said electrode means.

13. The method claimed in Claim 11 or Claim 12,
characterised by forming in each module an array of connection recesses
corresponding with and respectively connected to the channels of the
module, coating said recesses with conductive material, and electrically
connecting the electrode means of the channels to said conductive

material of the respective connection recesses.
14. The method claimed in Claim 13, characterised by

forming in each module an array of bridges-respectively connecting said

array channels with said corrésponding connection recesses, and coating
said bridges with conductive material to effect electrical connection
between said electrode means of each said channels and said conductive
material of the corresponding connection recess. | "

. 15. The method claimed in Claim 14, characterised by
forming said array channels collinearly with the respective connection
recesses and bridges and with said channels of uniform depth, said
recesses.of uniform depth less than the depth of said channels and said
bridges of uniform depth less than the deth of said recesses and
applying said electrically conductive material simultaneously to form
said electrode means in the channels to a depth greater than the depth of
the connection recesses, said conductive gatérial on the bridges and said
conductive material in the connection recesses.

16. The method claimed in Ciéim 15, characterised by
forming said body from said modules with g§¥1east a number of said
nozzles of each module adjacent each of said butted surfaces thereof
outwardly fanned in the plane of the channel axes to enable deposition of

EET ———
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droplets from.tﬂe'channels corresponding tofeaid outwardly fanned nozzles
to be deposited ' ‘said printing surface &t tniform spacing.
'i?.- The method claimed in Clalm 2, characterised by

- 16 -

forming sald modules with end surfaces each contained in a plane
extendlng normal to the array direction of Sald channels, butting saigd
modules together to form said body, applylng_sald.51ngle nozzle plate to
the assembled butted modules and so forming-én said nozzle plate
respective nozzles for channels of the arrajfsuch that droplets ejected
from said nozzles'at a distance equal to thegdrop flight path thereof to
a printing surface are substantially unlformly spaced in the direction
transverse to that of relative motion between sald apparatus and said
surface. - .

18. The method claimed iq;Cleio 17; characterised by
forming said nozzles in said nozzle plate bywlaser ablation using a
convergent excimer laser beam thereby to form nozzles having axes
progressively increasingly inclined from the nozzles at the centre of
:each module to the nozzles at opposite ends 'in the array direction of
said module. :_

19. A drop-on-demand droplet;ﬁrinting apparatus
comprising & body formed with a high density%array of parallel printing
liquid channels extendlng normal to the array direction, nozzles
respectively connected with said channels and pressure pulse applying
_means provided with each channel and adapted to apply pressure pulses to
printing liquid in the associated channel to;effect droplet ejection
therefrom, characterised in that eaid bedy eoﬁprises a plurality of like .
modules serially butted together at facing end surfaces thereof disposed
normal to said array direction and said noziiee are disposed to enable
ejection of droplets to be deposited on a pﬁihting surface at a ’
predetermined spacing transversely to the di:ection of relative movement
between the apoaratus and said surface. - B

20. Apparatus as claimed in Claim 19, characterised in

a single nozzie'plate which spans the

that said nozzles are formed in
channels of the serially butted modules.. o
21. Apparatus as claimed in im 19 or Claim 20 and in

which said modules each consist of a shéet' piezo-electric material

poled in a direction normal thereto, sald chanhels formed in said sheet
defining channel dividing side walls therebetyeen having electrode means
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on facing surfaces thereof and electrical pulée applying means are
connected to said electrode means of each chafnel side wall for effecting

deflection in-shéar mode in the direction of ‘the field applied by said
electrodes of said channel side walls to enable droplet ejection from
said channels,'gharacterised in that each module in said facing end
surfaces is forhed with respective channel parts so that further channels
are formed between respective pairs of said butted modules thereby
affording in said'body an array of like channels uniformly spaced in said
array direction and said nozzles have their aXés parallel and
communicating respectively with the channels of said body.

. 22, Apparatus as claimed in Claim 21, characterised in
that the junction of each pair of butted modules extends in a plane
normal to said array direction and containing the longitudinal axis of
the further channel formed between said pair of butted modules.

' 23. Apparatus as claimed in Claim 21 or Claim 22,
characterised in that prior to-butting of said modules., said electrode
means are.applied to channel facing surfaces of said side walls of each
module including the side wall surfaces of said channel parts facing the
corresponding channel parts of the respective adjacent modules to which

butting is effected. .
24, Apparatus as claimed in Claim 23, characterised in

that a layer of passivation material overlies said electrode means.

25. Apparatus as claimed in Claim 23 or Claim 24,
characterised in that provided in each modulé'is an array of connection
recesses correSponding witﬁ and respectively connected to the channels of
the module, said recesses being coated with conductive material, and
being elecﬁriéally connected to the electrode means of the channels.

26. Apparatus as claimed in Claim 25, characterised in
that. each module is provided with an array of bridges respectively
connecting said array channels with said correéponding connection
recesses, said bridges being coated with conductive material to effect
electrical connection between said electrode means of each of said
channels and said conductive matefial of thefccrresponding connection

recess. .
27. Apparatus as claimed in Claim 26, characterised in

that said array channels are disposed collinearly with the respective

connection recesses and bridges and said channels are of uniform depth,

s
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said recesses are of uniform depth less than the depth of said channels
dre of uniform depth less Ehan the depth of said

- 18 =~

and said bridgés

recesses. B . _
28. Apparatus as claimed in Claim 19, characterised in

that said buttéd modules each have end surfaces contained in a plane
extending normal to the array direction of said channels and said nozzles
are so formed that droplets ejected therefrom at a distance equal to the
drop flight path thereof to a printing surface are uniformly spaced in
the direction transverse to that of relative motion between said

apparatus and said surface.
29. Apparatus as claimed in Claim 28, characterised in

that said nozzles are disposed in a.nozzle plate spanning said modules
and have axes progressively_incréasinglz inelined from the nozzles at the
centre-of each module to the nozzles at opposite énds in the array

direction of said module.
30. Apparatus as claimed in any one of Claims 19 to 29,

characterised in that ink supply duct means communicate with each of the

channels of the array.
31. Apparatus as claimed in Claim 30, characterised in

that the channels of said modules are provided with a cover plate
extending throughéut the array of channels and in which are formed said
‘ink supply duct means. '

‘ 32. Apparatus as claimed in Claim 30, characterised in
that each module is formed with ink supply means comprising a duct
element into which the channels of the module open, the duct element of

the modules forming a continuous duct when the modules are butted to form

#

the body of the printhead.
33. Apparatus as claimed in Claim 32, characterised in

that the channels and the continuous duct are provided with a cover

plate.
34. Masking means for forming nozzles in communication

respectively with channels of a high density array of channels in an
elongate body formed by a plurélity of modules butted together in series,
comprising a module alignment mask and a nozzle forming mask in each of
which are providéd matching module alignment marks and, in the nozzle
forming mask, an array of holes corresponding to the location of the
nozzles to be formed, whereby sgid module alignment mask is employed to
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p051tlon the modules of the body in accordance W1th the module alignment

marks and sald A_ zle forming mask is emplﬂfed to locate said body
relatively to'the_module alignment marks of’ sald nozzle forming mask in
the same relat'onship as said modules were.allgned to said alignment
'ule alignment mask so that: ald holes in said nozzle

marks of said:
forming mask can@be used to form said nozzles
'“35; Hasking means as claimed in. Clalm 34, characterised

in that said module alignment mask and sald nozzle forming mask are made
from a single sheet which is severed into sald masks after forming said
matching allgnment marks and said array of holes thereon.

_ . 36§. Masklng means as claimed 'in Claim 34 or 35,
characterised im”%hat said module alignment mask is employed to create
marks on a substrate and said modules are allgned on the substrate in
relation to sald marks

31; The method of manufacturlng a plurality of like
modules each havmng formed therein a high denSLty array of parallel
channels, characterlsed by providing a sheet. of material, cutting in a
surface of sald';heet at least two like arrays of parallel channels on
opposite sides of a part of said sheet of width in the array direction
greater than the channel width and removing samd part of said sheet
between said arrays to separate said modules.

38. ‘The method claimed in Clalm 37, characterised by
forming at each side of said part of said sheet between said arrays and
adjoining said: part a further channel parallel with and of depth greater
than the array channels and of half the w;dth ‘of the array channels in
and separating said modules by removing from the side

’

the array dlrecti'

of a sheet remo_ rom ‘the arrays a portion of width in the array

direction greater:than the part of the sheet between the arrays and which
fithe further channels. '

intersects each’.
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