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- el ect rodes

for passivation coat |ggg;hg3 5§1Qagh§é‘étlhggeﬁwrggf the electri cal

connection of the array etc., predicate manufacturing conposi te yields
~which dimnish as the size of the array increases. It is accordingly one
- obj ect of this invention to enable reliable manufacture of dr op- on- denmand:
pri nt heads having high density arrays of substantial dinensions in the .
array direction. The presentlmpmowsteno o @ishsimg rosdéleioetinodraf-on-demand

g

array printheads implies the provision of arrays of increasing density
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
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
comprising 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 a plurality of'llke .,
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 succege-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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- manufact ure of a dr op- on-denmand dropl et printing apparatus of the kind
‘conprising.a body fornmed with a high density array of parallel printing
l'iquid channel s ext endi ng nornal to the array direction, nozzles
respecti+vel y connected with - s&id channels, pfFi tlngf}iQUId supply nmeans
~with which said channel s each communicate and pressure pul se appl yi ng neans

prOV|deG'mAth each_channe d ted. to a y pressure ul ses to, printin
liquid in the é?g:SB’r%& é’&s%ﬁé#ngﬁi‘f gﬂ‘ pi%ef %‘?@&Fl&?‘"ﬁ p J' )

ggfr glclt er Lste?elsyetcomcﬂ Miasl g?lf;lg&gge mﬂgﬁsmrnl‘n;gie? Ji Bidnokilee f'nmmigesask be:Lng
i u i u
! oot onoragh ith 8 srRey 1 SRfed HorRetndift Yo e dpERr1chS S itgetes

array direction, _
channel s, the a:prbmmgd mdabim@odpba:talldgnﬁnbdmaﬂ:émsdfmm mddellehdmwhlent

so that said d QBicq;e%n r?oquggoéitfheg?&)&teﬁaﬂ %rﬂr&en'egméztﬂ’sf BEE cit&}]%' %he module

predet er mi ned spaci ng Cransverse ection.of
alignment marks of the nozzle forming mask, employlng sa1d module

alignment mask to position sald modules in serially butting end to end
relationship at locations predeterﬁined by the alignment marks of said
module alignment mask, assembling said modules together to form said

' body, bonding said nozzle plate to said bodﬁ; employing said nozzle
forming mask to align eaid modules of said'bedy 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 ihélﬁ&es forming said masking
means from a piece of sheet material having a first part constituting
said module alignment-mesk 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. l

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:§7printing surface at a
substantially uniform spacing transverselygiﬁ the direction of relative

movement between the apparatus and said surface.
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, applylng electrode means to channel facing .surfaces of said
side walls and connectzng to said electrode means of each channel side
wall electrical pulse applying means for effectlng deflection in shear
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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farray in snmall modul es results in hi gher manufacturing success rate.

. Advant'agequsly; a single nozzle plate is applied.to span said nodul es and
' said nozzles are formed in sai'd plate. SuitabBys thé nethod of the
“invention is characterised by form ng said nozzl es' by provi di ng- maski ng

nmeans cofpri sing two -2- matching masks of which™a first mask is a
“nozzl e form ngthapskfamitha reerentd vansiannel parsdse thREgpentburssng togpther of

nozzlca form ngsd@soB€lddto form said body, further channels 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 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 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 facing end surfaces is formed with
_ respective channel parts so that fﬁrther chénnels 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. : J
The invention further conszsts in masking means for
forming nozzles in cOmmunlcatlon 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:?fovided matching module
alignment marks and, Qiﬁ’the nozzle forming iésk 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 relatively to the module alzgnment marks
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: forned with an array of holes corresponding to the |ocations of nozzles to
- be fornmed and with nodul e nal i gnnent marks and sai d nodul e ali gnnment mask
being formed with nodul e alignnment marks natchlng t he nodul e al i gnnment
- mar ks e#-?he nozzl e form ng mask, enploying sdid modul e alignnent mask to
- position said nodules in serlally buttlng end to end relationship at

| ocati onrs prede erm._ne he aI| rks of said dule a

mask, assenbliff & dn?&fgﬁﬂ %%”E"éﬁe 1’(‘0 Fﬁ?%eﬁ’%aﬁbwn?‘l%c?ﬁdisﬁ’gdggrr&g{es were
nozzl e pl at e t aligied b@cge,ldeamlgmnemg manks ofozalié Hodube rag.lgmmhttmsﬁ sgncheai d
nodul es of said b to dul e, ald gnment S on sai.d r

mask in- the s3WE ?’éﬂ‘a?l gﬁ‘{? éz%%lfJ&g" I%ﬁjlmggﬁvﬁareg?il‘?geﬁet +sa&8 rgﬂﬁr}@es
al i gnment nmar ks of the nodqufak'aymresaldmsiduaechesplhexw mgslsand seddzhezzle

formng mask w g fad %%ﬂa%ﬁm A5Ehd1RCLRM Unih 9" 8BRALE i8R0 said

respectively openln
masks after forming said matchlng alignment and said array of holes

thereon. _

The invention also consists';ﬁ the method of
manufacturing a plurality of like modules eeCh.having formed therein a
high density array of ﬁarallel channels, che:acterised by providing a
sheet of material, cutting in a surface of Said sheet at least two like
arrays of parallel channels on opposite sideslof 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 the”array 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-deseribed, 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 zllustratlpg a stage in the manufacture
according to the invention of the printheadﬁillustrated 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}; o ;

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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. channel s ‘of sai d>nodul es. Preferably, the nethod includes formng said
 maski ng means froma piece of sheet material having a first part
~constituting said nodul e alignnent mask bearing nodul e alignnment marks and
- seconﬁl—part constituting sai'd nozzle forning mask-pearing said array of

- holes and said nodul e alignment nmarks matching the nodul e al i gnnment mar ks
parts

| d first part and di t_into.said first and
. on sai irst part and divi %E@R”‘Sq’r‘gb e%o?*‘r‘% r?fé‘sﬁ% ﬁBég%’ftu?E%sq nve& N i s

to formsaid two matching
- characterised Impztbe mangfsctiuging ztiags Milubttdtedaie Figure ddsa). of alternate

: nozzl es coplanar and so inc 'ﬁe&s%glﬁg%h Mgmqpe {Aw%”r&[a he.aRRar at us

droplets are deposited fromthe nozzies ona sur ace at a
_ substantial |y santfadtuseenf ngrw.adssmrme&gmmd phenftheﬁ}é@twmm cfompgisa javeheet of

piezo~-electric material poled in a direction normal 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 beeappreciated 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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rmverrent ‘bet weerr t he appar atus and said surface. In another formthe method
~includes form ng said nodul es each with a sheet of piezo-electric materi al
poled’in a direction normal thereto, said channels defining channel

d|V|d|ng—S|de wal | s t her ebetwéen, applying el ectrode:nmeans to channel
faci ng surfaces of said side wal |'s and connecting to said el ectrode neans

~of each <channe], sholfy YAblaglBoLhd GalulilR8-20nk%l DO WRARD ERbarRlibACE Mances

: deflection in's ear sal annel s to enable E
‘ ejection fromisaithe araaielirectiem.asveiliabdg BT meterind 8iass  neeRiladi¢ LSI drive

opposite end siifangiber of RLEHatwbhe), r&gpectlve channel parts so that,
~upon butting together of

: The channels 7 are cut in theisheet 3 by grinding using
a dicing cutter of fhe kind described in co—ﬁending 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 impuiseTCan 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 electrically and protects them frem
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 chaﬁpels 7 of the modules. At
the ends of the channels 7 remote from the nezzle plate are provided

L

respective connection recesses 29 which are in alignment with the
channels so that each connection recess connects with the corresponding

channel by way of a briage'31 The channels;7 are cut by the dicing

cutter referred to, to a greater depth than the depth of the connection
recesses which are cut to a greater depth than the bridges. With this
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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sai- d aodul es to ’formsal d body, further channels are forned between
‘respective’'pairs of butted nodul es thereby to provide in said sheet an
rarray of like channels uniformy spaced in saig array direction and fornng
sai d nozzl es comuni cati ng respectlvely wi th the chanmnel s of the body. The
.Elnventlon further consists in a drop-on-demand dropl ét printing apparatus

- conprising a batynfel nsdewdllisahbveg hhdeslddtyoddd ag @;ﬁpl.ﬁ&&attﬂeelet@.rl nting

- liquid channel s extendlng n he array di.rgcti.on, no

- respectively connected wit hqélgl 80’&?5%?1%? s“eﬁﬁ%sﬁf‘rg stF% “PURES egetfﬁf/’ ﬁ%lnﬁeéﬂs

provided wth gachirdtioneg| 3dnd onﬂaﬁﬂ:eduluipapqaéxy smlﬁoamx:ba.m.ul ses to printing

¢ liquid in the associated ch%ﬂge 40 ngrtozz oJr Iet el %#.i ';&E%%”Qénmat
raf’ﬂ ¥ iKe ul'es

“ characterised in that said body conprises~a plu
- serially buttedrepgciehesitad therefiyogneh dbef prigting St_x_b__strate are at double the

density of each of said rows. These nozzlelrows are formed in the manner
described in Europearn Patent Application 88308513.6.

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

Referring now to Figure 1(b) .in which is shown an
alternative'printheaduleyout. This provides?e tapered block member 41 on
which the sheets 3 formed with the respectlve channel arrays are mounted.
The member 41 lnstead 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 embodlmen£7of Figure 1(a) two rows of mutually staggered
nozzles 27 are poovided 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“ﬁhose sheets with the channel
arrays thereof faciog one another. -The oovéf plate 21 is in two parts 28
disposed in parglleifbetween the sheets 3 and to which the sheets 3 are
bonded so that the ﬁerts 28 define theoebetﬁeen the printing ink supply

i duct 23. Again, the nozzle plate 25 spans the serially butted modules 2
of each array and is formed with two rows of mutually staggered nozzles
27 which communidat;_ 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
gt on recess 29 which connects

with the channel::aé iﬁ'the arrangements-al eady-descrlbed, by way of a
bridge 31. 'I'he:.nk ced to the channels 7.4is provided by two ducts 33
cut in a cover feef 5 of the sheet .3 to __;pth such that they
communicate with_opgoeite ends respectivel&fof the channels 7 and a cover
plate 37 is bonded_ﬁo;the face 35 of the modules 2 to close the ducts 33.
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‘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 predeterm ned spaci ng transverselg/ -to the direction of

rel ati v&—novenent between tké*apparatus and said surif;ace. Suitably said
nozzles are fornmed in a S|ngie nozzl e plate which spans the channels of the
serial | y* but t echcaoddirgly, | inkotie delinenid mbeeadmven&nm 7|upohhecttﬂmdyorofthtab@;f
apparatus each g.e surfaces i§g. re& ective
_channel parts ngg‘?%ﬁ%sg %ﬁdér %ﬁfang sdﬂlgPS ?rorﬁﬁéﬁmﬁ‘e.j &%e‘?efﬁ?ﬁé’c?r?/ Sil rs
~of said butted cnod%nsas:mheﬂ@byﬁadnf both egds rofSahd duiyehrandr papics dpelcetion at
. channel s uni f oy ggaé g said array direction and said nozzles have

‘ their axes par Al cofmuni cating respectively with the channel s of
) sai d body. Ihe manner of serisally buttlng together the modules 2

of the prlnthead 1s now descrlbed using the. prlnthead section of Figure

1{c) for lllustratlve purposes. The procedure described involves the
production and;assembly of modules which have active channels formed on
only one face o _a -sheet 3 of plezo—electrlc materlal The principles of
' fsembly of these butted modules can be applied to other

printhead structures for example, those dlsclosed in US-A-4,584,490 and
US-A-4,296, 421 - B _ '

Flgure 2(a) lllustrates a sheet 3 of piezo-electric
material fOrmed wlth ‘two. arrays of channels 7 of respective modules 2 and
the channels qfseach array being formed by side walls 13 having {ac1ng
surfaces 17 an bottOmisurfaces 37. The channels are provided at
corresponding“endszthereof with respective connection recesses 29, there

~being a bridge’ lfbetween 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_ er described later removed thus separating the modules.

. Outer surfacesa ifof 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 llf er surfaces being located to enable plating down

the wall of the _ute““o_t channel of each module to the same extent as is
desired for th sces: % A similar wall 39 and a

half width ch'
each module h
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- The invertion further consists in nmasking nmeans for formng nozzles in
~communi cation respectively with channels of a high density array of

~channel's i;n an el ongate body formed by a pl unﬁelty of nodul es butted
"t oget her—in series, conprising:a module alig nt magk and a nozzle form ng
~mask in each of whi ch are provi ded ITB.tChI ng rmdul e alignnent marks and in

t he nozzie form.n Kk a Ies ondi C | n, of
- the nozzl es tolg‘t’ielgi’féo'r'r&fré\ea3 a‘i\[/\l‘/heer%(é %e é’f‘l gn%%n geett é gbgmhg ?{ eat?°3
. position the Mduheﬁladf-chmbbdwﬁ nnédﬂordm@oaivtdlf tthe Smégll@t&mghr’cemleen

 marks and sai dyg0z2e s 0fNAtodmP by S TRELYPAe! Rk 9GALR 38ES FUY Low

..relatlvelytot em)du I'i gnnment

; tolerance so that the modules 2 are separated. Figure 2(b) illustrates
in perspective one of~the-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-cuéting of the chennels 7 or at any time prior to
sepsrating the modulee;

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 lmportance. 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 fherefore.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 thaf'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
{ rf odules up to a maximum width. The second and

temperature control
third steps are ach;eve_ by making the nozzle ablation mask and a module

together from a 31n31 ieet which is d1v1ded~to separate the nozzle
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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- 4- of sai d nozzl'e form ng mask in the same relationship as said nodul es
jvvere al i gned to said alignment marks of said nodul e alignnent mask so that
‘said holes in said nozzle form ng mask can be 1gsed to form said nozzles.
Preferabl"y, said nodule ali gnnent mask and sai d nozzl.e forning mask are

made from a single sheet whith is severed into said wasks after form ng

"sai d nat thi ng abrimrheatl winichsas chssemlal;edofutmlnee dhigheent: mible hasveodzles fireed

consists.in f rJ,.ng ur al,i.t u
“having for rred t%’érelgmgz%l g? ngﬁw dé{‘rgr“(;ll%to nﬁ %ﬁ%ée%{c annehlq'gg J:O%uglca ©
characterised byetmwp-dahgwatlsrté:etpl:ﬁnthaaérc:Mhnelmtt| ng in a surface of

"said sheet at least two |i keA@crormglgj apﬂﬁi |6?| ﬁtﬁgglegt%do& ‘%‘EE&% t3e $i des

of a part of sald sheet of
: provided whlch 1s made of silicon and from which the alignment and nozzle

ablation masks are produced Silicon is a suitable material for making a
full width printhead nozzle ablation mask because it has a high ablation

threshold, suitable for an excimer laser contact ablation mask, a low
thermal expanszon coefficient and because pPGCISlon silicon etching is
widely practlced. -
. ' The area of the mask 61 is accordingly divided by
separation llne b3 etched thereon into two parts 6% and 67. In part 65
_ are etched two pairs ‘69, 71 of rows 73 and 75 of coplanar, alternate
holes. In each pelr 69 and 71 the holes in the rows 73 and 75 are offset
by a spacing of half the print resolution and are of a size suitable for
ablating nozzles in. the manner described in co-pending European Patent
Application Nof 88308513 6 (Publication No. O 309 146). Etched in the
mask 61 edjacent ‘the nozzles holes at locations representing the centre
lines of the modules are pairs of marks 77 whlch straddle the separation
line 63 80 that after separation of the mask along the line 63, each part
thereof is provided w1th module reglstratlon marks 77. Thus the part 67
of the mask is used to align the modules during bonding thereof whilst
the part 65 ls used to ablate the nozzles.
To assemble the prlnthead the alignment mask 61 is
T 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 c\_"' :
1ongltud1nally against an end stop.
and place" machln'- o:a sequence of steps which includes:

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

separated; C
(b) connectingfan'QSIﬁhhip terminations to the connection recesses of the

modules, -
(c) testing the 1n grlty of the electrlcal connectlons and the activity

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

thereof to bed eggned-to the cover plate, . [,

eet Has Been Reilaced
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.wWdth in‘the array direction greater than the channel w dth and renoving
isaid part of said sheet between said arrays to separate sai d nodul es.
Suitably, there is forned at each side of said part of said sheet between
~said artTays and adjoining said part a furt ﬁe?‘lchannel'--_?:.-__ parallel with and of
depth greater than the array.ghannels and of half the width of the array

channel s*in the.array. directian.and separating said tmdul es. by renoving
from the. side B Bi&vist HE medt ey G BRGEepE et 08 SRPEREE Vi ten i n The
array direction greater thaligheemparit cdritied altcenplditingen wiktomrozagsa and

desori bed. by TAToruata it e 1P S Eh% op SeRut Al BEE G b BR L Ene
in which:-. Fm@8skRES lifapptially superivpused( ihagese rBiepeenineeof the module is
a ascertained by compuier and the module is théhiﬁoved to the cover plate

so that the centre of the module as seen by'the camera is in alignment
with the requisite alignmént mark 77 on the mask part 67. This procedure
is repeated with succéssive modules until é;module is in alignment with
each mark 77 on the nask part 67. The tolerahées 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 alignment calls
for the employment of a module alignment maék'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, suitébly an array wide sheet
which serves as the covef plate of the chanhels. Thus the modules are
assembled by alignment thereof on the substrﬁﬁe relatively to the marks
created thereon through use of the alignmen£ mgsk.

It will be noted that in the ‘case of the embodiments of
Figures 1(a) and (c)'the common ink supply jeéns for the channels of the
assembled printhead are iocated in the coverﬂﬁlate of the channels - :
whereas in the embodiﬁent of Figure 1(d) théﬁqommon ink supply means are
formed by first buttihg togethér of the modﬁiés and then mounting the
butted modules on tﬁéiCOver plate. In Figﬁbékl(b). however, the common
ink supply is provided in the mounting'bloékﬁbn which the modules and
their cover plate 21 are carried. e

In thqfno#zle ablation proc

conveyed into an ablé%ioﬁ station where it
ablation mask which-ﬁés formed in the alignment mask part 65, part 67 of
Alignment of the mask part

which was used for aééémély of the modules
65 with the printheé&?isgagain checked wit
mask part 65, the nozzle.plate 25 and PZT st
to infra-red light s&;an-image of the chanﬂ;lé on the

‘wision camera. The silicon
et 3 are partly transmissive

nozzle mask part

S UBSTITUTE SHEET | “This Sheet Has Been Replaced
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secti-onal’ si de etevations of array, drop-on-denmand printheads forned by the
~manuf acturi ng met hods of the present invention; FIGURE 2(a) is a sectional
. end “el’'evati on of a piezo-electric sheet of_nEEerial illustrating a stage in
" the manofacture according to the invention of“the printhead illustrated in
“Figure 1(c); FIGURE 2(b)is a fragnentary perspective viewof a printhead -
nodul e at a st gge;qf Cl.Lkr |l u I gur (a);

. FIGURE 3.is a‘% ar?gwt;e]gvagg%&aénnlaﬁ§ %seegi\%é&ehga{nn%%té{a?@%g%u glsﬁae%d exgir% t he
- nozzl e manuf acnq;zéest%@etmn tph‘espessimb:acﬁblaneﬁ sEpElRmenysly plong the full

. diagrammtic ple tl‘{'@f""’t}xkzlﬁs.&rtﬂéécﬂg Bk dRRALfy (LB LaGLARCHE ddkeng and

- manuf acture of t rinthead
: assemb ing parts by the above jigging procedure indicates that toclerances

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 active 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 nozziés 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.

SUBSTITUTE SHEET Sheet Has Been Replaced
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-5 FJ GURE 4(b) iss a view of the apparatus used in the nozzle manufacturing

. stage illustrated in Figure 4(a). The descri ption whi-eh-f-ol-tows Tefates to
~ the- manuf acture of array, drop-on-demand prin eads Whib GG CORRY BeSfréplasdieet
- of piero-electric material poledlnadlrectl “nor mal U116 d

- formed with an array of printing ink channels which ext‘gmm 'he

array directionpyg define channel dividing side walls t
nozzl es respec connect:ed with said channels, .. _printing ink suppl y
nmeans W th which said channél's each conmuni cate, el‘f' trode-neans applied to

channel facing surfaces of §a| O deeiy b mquga&%?gpra QRGeS BBRknd

droplet printing -apparatus of the kind comprl'ing a body formed with a
high density array of parallel printing liq ;d channels extending normal
to the array di;ection. nozzles respectively?connected with said
channels, printing liquid supply means withkhhiCh said channels each
communicate and;_ressure pulse applying means prov1ded with each channel

and adapted to;apply pressure pulses to printing liquid in the associated
channel to effect droplet ejection therefrom._characterlsed by forming
said body from a plurality of like modules serlally 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 daébSited on a printing surfaqéiat a predetermined spacing
transversely taffﬁe”direction of relative moéément between the apparatus
and said sucface.

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

'”315 The method claimed in Clalm 2, characterised by
forming said aOZzles by providing masking means comprising two matching
masks of which a first mask is a nozzle forming mask and a second mask is
a module alignment nask said nozzle forming ‘mask being formed with an
‘array of holes corresponding to the locations of nozzles to be formed and
with module alignment marks and said module alignment mask being formed -
with module alignment marks 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:¥nlationship at locations

predetermined by the -alignment marks of sai'imodule alignment mask,
‘assembling said modules together to form said body, bonding said nozzle

plate to said body, employing said nozzle formlng mask to align said
modules of said body to the module alignment:marks on said nozzle forming
mask in the saméffelationship as said-modulgéﬁwere aligned to the module
alignment marks;of the module alignment mask
forming mask with said modules so aligned th:;ewith to form nozzles
respectively opening into the channels of said modules

SUBSTITUTE SHEET'; S
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. sai d. el ectrode reans Thig Skee °tlﬁise appl yi ng neans to effect

‘ defl ection in shear no nneI side walls to cause dropl et

- ejection fromsaid cha flectlonjflﬁf each side wall being in the

~directi-en of the field applled thereto when e el ectrode neans thereof are
subject to an electrical pulse fromsaid pul se appl ying means. Such

- printheads are described in coppending BYLOREART RadedNin AARkA CGRL I ONS
88300144. 8 (Publication No. 0277703A§£188300146 -3 .;;?lcatlgﬁ No.

0278590A) and c@ssmssd(hvuspma:& maslemgsezarle";"'mt%elmpénﬁfsee&f
whi ch are her %eei»mowfm:]adfﬂétr 854 @BaSL: Nt thgtiandiung d1ighnddte nask
(0]

- follow ng description e enbodi nents of the rnveation is based on_arra

~ printheads of PEREING Aadvls elignpens manks,and & &eqppthPBRE 08S tHYSENE 3R pzzhe
~the art that tBfming mask bearing said array of holes and said 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 Claiufs, characterised by

forming said masking means from silicon and_forming 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 & printing 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 defxnlng
channel dlvidlng side walls ‘therebetween, & :p ly1ng 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 respective channel parts so
form said body, further

of butted modules thereby to

that, upon butting together of sald module
channels are formed between respectlve pa1
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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- are accorded the sane re
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i nvention descri bed herlaismheesHaIBs@ ef‘cabl e to other -fornms of array
such as are |H

r exanple in US-A-4,584,490 and
es - 1(a) .0.1(d). in which like parts
erence nunera S, t he & rray printhead 1 illustrated

in Figure | (a) conprises a sheet 3 of piezo-electric material, suitably PZT

(lead zi*rconi um B{ﬁ%f@%ﬂe% %5,0 sal g° a&%SEﬁR&J ?Cﬁ?ér ggge%&%f t%grtgnv\g{lé,ﬁyof each

- channel s. 7 and pole 3
be appr efi hukteds mgdnltelsee:dm:dm 1 isopliret opredl Itpgsnueis aprayp ddrection

11. As will

annel s as

- the array printjga n‘EE.:.rF"r%“I 5 e;t&ﬁlﬁ%&sfaf%%t?ﬁ SRS el fahbY Mn;&d

nodul es 2 of

limted | engt

e array direction IS to say t

- direction per pehéfwagmasatd Pake qfnbph@dpmaﬁelegf t he axes of channels 7 Many
considerations influence the1, The method claimed in Clalm 9 or Claim 10,

characterised by applying, prior to butting 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 corresponding 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

S g
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'ee}hSB&mRslmﬁ? for exanpl e processing and - 6-
1 ‘ u enbly, thermal expansion tolerances in
terial igzes avai l abl e LSI drive chip
in the sheet 3 by

grinding using a d|C|ng cutter of the kind descrlbed i n co-pendi ng European
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2, characterised by

_ 17 - The method claimed in Clw?m
forming said 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;Cleih 17; characterised by
forming said nozzLes_in said nozzle plate by?laser ablation using a
convergent excimer laser beam thereby to foti—nozzles having axes

progressively increasingly inclined from theenozzles 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 den51ty 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 te;effect droplet ejection
therefrom, characterised in that eaid bedy eeﬁprises 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:ectipn of relative movement
between the apﬁaratUs and said surface. - B

20. Apparatus as claimed in Cfl'm 19, characterised in

that said nozzles are formed in a single nozzle plate which spans the

channels of the serially butted modules..
21. Apparatus as claimed:in

“{aim 19 or Claim 20 and in

which said modules each consist of a sheet Pe) iezo-electric material

poled in a direction normal thereto, said channels formed in said sheet

defining channel dividing side walls therebetﬁeen having electrode means

;I;IIIIIII |||||| 1] IlIII | IIII
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f aci ng si de wal " s 13 ThisshepgHa ﬁa"F‘éci ng surfaces 17 on opposite sides

thereof to which are a I ve coatings 15 of netal to provide

el ectrodes 19 to which{ \ i mpul sgcan-be applied to cause
def | ectTon of the correspon I ng "side wall in'the direction of the field
caused by the i npul se.  Such deflection in turn causes a pressure pul se to

be appl 1 edt t O?I}i)l’Fﬂd&:&hﬂgslttﬂfﬂldéﬁ tiHerkbe &lhaél'@itrlcéllﬂ pRRSE aett;ﬂpwltr@(‘j né&& are
arrangenen (0] | FANE. cul ar cnanne St aCl | V e Y. ap I Ng
a pul se to th‘é°‘B?eg‘€'F$o 5)8'13 lgnfc?r ghﬁ?‘:tmg

BEans, Of; RaGH AaRR
side wall is éaflleeyesh iin sheadwode N mﬁetctﬁ-eebﬂdsmetfsmm f@anbapi:haﬂ dgssaid

t her eof . The % des 9-_h ve a passivat | ayer ]Pﬁ an| ligd

t hereto whi ch®15%4GP § ﬁ%ﬁféﬁgﬁ c?éfiﬂ}’a&?rg {) Ees%:“ﬂ% %f i cﬁrelnf%ogl

att ack. said channels . 'gha'racterlsed in that each module in said facing end
surfaces is forhéd 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

i 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 collineﬁrly with the respective

connection recesses and bridges and said channels are of uniform depth,
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‘The .charnnel s 7 are pr auis@bat BdsBhenRepleged pl at es 21 in which are forned

printing ink supply duc ; _ tend in the array direction and
I 8 | t he foLwﬁgq.ends t her eof the.channels
P e

communi cate with each c 3
7 are e+0sed by a nozzl a Ich spans all the serially butted
nmodul es 2 and in which are .forned convergent nozzles 27 which comunicate

Wi th the respegliy eréﬂé@.@g@|a§‘e7of‘)funkmgﬂj(cjﬁsﬂ;ess%haaih€h§ ngﬁtlp fost D81 £ RARNEHS
7 renote fromthe nozzle(glwﬁe are provide ect I;ve conhecti on recesses

29 which are i B9l $Y I ERIEE Are 1€ whidiora| dentd fﬁ%&*ﬁémrtheodﬁpééw%rsaﬁécess

connects with baeegﬁgnespohdiﬂg channel by way of a bridge 31. The channels
referred to,  to a greater depth than the

7 are cut by the-dicing'cugger [ . .
Bs s PPRRF S 87 Cladmed (i Clpdadniddr hapReraiard tife

depth of the connection reC .
bridges. Wt hthat Seddriangedenidulby gicht havg the Rir¢atdPdBSLalifel 0in adppdre i N

the channels 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 throughout 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

tﬁat 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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greater>than the depth of the connection recesses, -the bridges and sides
and base of the connection recesses are coated with netal to render them
conducting in the respective stages that thejd acing surfaces of the
channel_side wall's have tHhe. el ectrodes 19 app i ed thereto. The connection
recesses 29 are connected by bonding to terminations 34 of an LS

‘mul ti pliexer sigdsgeforf thB- nddi el 0¥ tAE Mzk@%&Zr@é&ewiuﬁlthy widalig edld grufen t
t hat drops dep05|ted ther(gfiaf'om on theﬁ%rl nting sugs'rage are_at_d Lﬁ)lde t he
density of ead®rhf &4 ozeley TOREPEMEYs bY eGe T’%st e ner

descri bed in EenappalyPed e&iieﬂ-.ﬂamﬂecanmeaeaﬂﬂﬁ&soﬁ said nozzle forming mask in
the same relat; nship as said modules were . allgned to said alignment
ule alignment mask so that S&ld holes in said nozzle

mmksofsudi
forming mask canibe used to form said nozzles

'"35; Hasking means as clalmed 1n Clalm 34, characterised
in that said module alignment mask and S&ld 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,
characterisea in”that 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

37; The method of manufacturlng a plurality of like

modules each hav1ng formed therein a high den51ty array of parallel
channels, characterlsed by providing a sheet. of material, cutting in a
'sheet at least two like arrays of parallel channels on

surface of sald
opposite sides of'a part of said sheet of width in the array direction

greater than the channel width and removing sald part of said sheet

between said arrays to separate said modules.

38} ‘The method claimed in Claim 37, characterised by
forming at each side of said part of said sheet between said arrays and
adjoining sald 'art a further channel parallel with and of depth greater
than the array channels and of half the w;dth ‘of the array channels in

the array dlrection_and separating said modules by removing from the side

’

of a sheet remo from ‘the arrays a portion of width in the array

direction greater than the part of the sheet between the arrays and which

intersects each “-the further channels.

: SUBSTITUTE SHEET
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W& Y arrangement of Figure 1(a) has been described as having channel
§'arrays n opposrte faces of -the sheet. 3, t he -channel arrays coul d instead
‘d i n.separate sheets whi ch: subsequehtly, are di sposed back to
" back. Ref¥rring now to Fi gure“i(b) in whi, i_s shown -an alternative

- printhead l'ayout. This" provides” a tapered ock menber “41 on which: the,

" sheets 3 fornmed wth.the:; respéctive :channel arrays. are mounted. The menber
41 instead of: t he cover: pla 21- houses the ink feed ducts 23 which are
. supplied: through ‘passages 43°f ontan |nhssnapty nanrfold 45. As in the

- enbodi nent . of Figure 1(a) two: rows .of mutual |y staggered nozzl es 27 are

- provi ded for the channhel s 7. of .the respectrve arrays. The design of the
printhead of Figure 1(c) . is: derrved frontthat of Frgure 1(a) by takrng
g;sheet 3 where thrs |s forned as- two. "

'1:rDamnMiPnnnnnglumarauu;and
fMeﬂmﬂ.ofl&mmfacunnzThereof.

;ventian describes a method of forming a -
ing apparatus hawing a body formed with a high
-,1e1 channels (13)" extené_i_:r‘_."x'__:g normal to the array
27) connected respectively with the channels,
ly:means with which said channels each communicate
""_lying means provid.ed wJ.th ‘each channel to apply
| 11, cha:mel liquid to effect droplet ejection, in
- which the body is formed'by a pluralzty of 11ke modules (2) serially
butted together acing end surfaces (49,51) which are normal to the
" array . d:.rect:.on._
channels so. that
predeternined spa
‘between the’ app

- arop-on-demand pr

arrangement enabling ejection of droplets from the
droplets are depos:r.ted on a printing surface at a
'transversely to the d:nrection of relative movement
-_'and sa:td surface. = . '

is-Sheet Has Been Reﬁaced
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sh'e_ef.s di'sposed back to back and arranging those sheets with the channel
arrays thereof facing one another. The cover plate 21 is i-A-two-parts 28—~

. di sposed in parallel between the sheets 3 apd to which the sheets, 3 AL replaced
-bonded so-that the parts 28 define therebet n the printing I __ '
-duct 23. Again, the nozzle plate 25 spans the seriall butted ?HEHHIHI‘W
“each array and is forned with two rows of_nutually staggered

“which communicate with respective channe (-Q ﬁwjl nthead illustrated in
. Figure 1 (d) conprises a single row of nozzles* th /ﬂozzle plate 25
-whi ch conmuni cate with the respective ink channels 7 of*‘the sheet 3 of

"serially butted -
~The channels 7 ar ovjdeg’at e d A hereoy” wi cofinecti gn r€cess 39
whi ch connects wift}a t andel / ag”i p/t apf apgenent s/ al pea JésciA be

1
)
X

by way of a

3/ 23 ' /
7= 4

m\ ;,7

/
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bridge 31. The ink feed to the channels 7 is provided by two ducts 33 cut
~in a cover .face 35 of the sheet 3 to a depth such that they comunicate
‘ with opposite ends respectively of the chanrels 7 and a—cover—ptate-37 1s—
. bonded-+¢' the face 35 of the nodules 2 to cfAfse the duct §338heet Has Been Replaced
: Accordingly, ink is delivered to each channel 7 upon actu rom
: opposite directions and the arrangenent in operation provmmng% i
- flow fromboth ends of the channel and permts aperation
: voltage. The manner of serially butting together theé nodules 2

Fig.1(b)

SUBSTITUTE SHEET.
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of the ptinthead is now described using the printhead section of Figure
1(c) for illustrative purposes. The procedure described-involves the

- produttion and assenbly of' -nodul es which Qg%p active chanpels formed on
ma

- only one-tace of a sheet 3 of piezo-electri terial. Sheet Has| lae
- manufacture and assenbly of these butted nodul es can be ap, E BN
-~ printhead structures. for exanple, those disclosed in US AN ' '

. US-A-4, 296, 421. Figure 2(a)

illustrates a sheet :3 of piezo-electric

. material formed with two arrays of channels 7 of respective nodules 2 and
- the channel s of each array being forned/gy' igf s 13 having facing

. surfaces 17 and bottom surfaces 37. The cﬁé?n é?iJL provi ded at

~ correspondi ng ends thereof th r pecgéve connecti g recesse2@29, her e

- being a bridge 31 betmeen'e?ch chann

{ch on

nd7i92,3n?¢/ti5n recefls

/

-

174._._

/]
NN 2
D0

34
29

2 )
77X 7 TN 772 5

=t

N

5’—3\\\\\\\3&\\\ &1
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Fig.2(a)
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‘bondi.ng 6f the cover plate 21 forms a liquid seal. The mpdules 2 are
connected by a thick wall 39 which is, as hereinafter described, later 777
renoved thus separating the nodul es. Quter gpffaces 41 of Thip8heottiab B&A Replfed
. defined—by cuts 43 fornmed by a narrow dicing Bl ade whi ch f#

- channel s 45 and 47. These-are cut deeper than the channels - :

“uni formtlepth. The. narrow dicing blade in cutting the half w dth channels,

“dresses the.outer surfaces 49,and 51 of channels 45 and 47 and the outer
surfaces 41 of the thick walt 39, the latter surfaces Qeing. located to

- enabl e plating down the wall of the outernost gﬁ%@gﬁhﬁ%{éy.h nodul e to the

. sane extent as is desired faq he surfaces 17 of Ha I s 13. A

“si-milar wall 39 and a hal f Rannel is |ocated at the outer end of
: each. nodul e so that each nodu Re.ends.

®6%6%6%0%%0%a % T e — . — — — e — — .3/230" 25%0%0%0%"°
©c o0 o0 e——--... . . . -—°L°f7°5° e a e Z‘?
200060 6 0w- ... . A . 3 iy =0 °°2°°°

SUBSTITUTE SHEET



"« WO091/17051 rCl/Go91/00720

Mer ptating of the surfaces 17 of the channels to formthe el ectrodes 19
___and the half channels in the manner described in co-pending European Patent
““Appl Fcation No. 89309940.8 (Publication Ng, .0 364 136) and application to
" _the deposited el ectrodes 19 of a passrvatré‘-ﬁ | ayer, the sheet 3 in which
-the: modules 2 are formed is transferred robotrcally to a second jig where

itds mounted in inverted posrtrf:.n ({ ) )ﬁcuts 53 ar 3forrred whi ch

-~ extend into the sheet 3 beypnd hglf chapnel s<45 and 47.

 The body of the shegt natgd. alks s reymyed by the action
of makr ng the ¢ ~e§3 at/lbw_-“- : /_- VI 1/7 /| ¥
: : A 4 "
/|
B 4 4
WU
-. \
I 4 %
' 1
:};::.: " 4
1 d /
T A TR IR T T L JIL

Y

This Sheet Has Been, Re'ilace d

[l i I




|4

t@i/’érance so that the nodules 2 are separated. Figure 2(b) illustrat edimg~3 s
‘pérspective one of the modul es, 2 after separation thereof. In the

-arrangenent of Figure 1(c) th"-" i'nk=supply ducts 33. are forned in the sheet

-3 Fa-n-d—{-he-eJ-eeI_Lade.p g -onvenlently done fol | pwirngstt —
‘tHe chBRREASED SHEETSany 80ne.pior.to sebarating the 1&1 ?sfr%ﬁk? érs SG
- ngBdiDsectiption s ppgedat. ediotiaggd Al botically transferre e FBPY! i'i- §o paged.
Wh €146y ar pagegt. iBcaio prgeRIogne _,-fD@ﬁan S réREP8NERPIALY ""ﬁ,prmt‘% d 0 paged.
' f ripiiDmodugE) - pagedonentoagddl. F_ hcaxeg{s)  paged 3. to paged .
- paMf isdutat , i ageids. 2l emigagdl £ ﬁ"s-*”@éﬁd dr¥pged 2. to paged.
i e e)gg;_noa;;a&g@mpp .an optical st der to achl eve

unrfornT -6 V' RECEIPT . sfag....

ision of arrays of increasing density

wWhere shear mode actuated arrays

increases. It is’
rellable manufactu,

arrays of substaq;

on émand ‘droplet printing epparatus of the kind
':;a high density array of parallel printing

manufacture of af&
comprising a body ‘formed wi
liquid channelézéxténd;n”_ 6Emél to the array direction, nozzles
réspective1y coq§wcted'Gij - ;d channels, printing liquid supply means
with which said §§anng1s ach’ communicate and pressure pulse applying

| . ach qhgpngl and adapted to apply pressure pulses to
sociated channel to effect droplet ejection
by fﬁiﬁg said body from s pfurality of like .
oge er at facing end surfaces disposed normal
_,ﬁrovxdzng nozzles respectlvely connected
with said channéls- 'féngement enabling ejection of droplets from
the channels soﬂth said-droplets are deposited on a printing surface at
a predeterminedT pacihg transversely to the direc¢tion of relative
movement betweenfthe appa!atus "and said surface.

The: anufact :e’of the array in small modules results

means provided wi
printing liquid :
therefrom. chara'
modules serlall _
to said array dir ct“o

Tms is thé replacémen't sheot
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~aecuracy-which is especially inportant for 4-colour printheads to avoid
:Mdire interactions. It is therefore necessary, first to manufacture the
modul es with their array channels 7 at a pitch accuracy wthin defined
.tolerances in each nodule. Secondly, the ymdules have to be assenbled into
locations so that the channels fromone nodule to the next fall within
“accept abl e tol erances, and, thlrdly ‘when the nozzl e mask through which, in

_{ gggoggggegmefngkgrbrlc\b%@@mH ggxﬁurm@ﬂeal& E’aﬂi&:}ue%%m%tmlatendd}ﬁ at ]
: I cation e NoZ es ar a al e | e
Tt Saddhd gk e Mufe Bl pneerandle PRErRTR FREtoR: Rieaing ne

nozzl es acfarsedtdixtentiderapr ofhbies drséspoRd PEE ttov ethey 1bad tionkodfl noszles
subst e, | AL el el AP SRR MG T NGl halhs Gn§ Weli 8" mdtlde DG pfilidee fOF
_mask being formed with module.alignment marks matching the module
alignment marks of the ndziie'forming mask, employing said module
alignment mask to position said modules in serially butting-end to end
relationship at locations predetermlned by the allgnment marks of said
module allgnment mask, assembling said modules together to form said
body, bonding said nozzle plate to said body, employing said nozzle
forming mask to align said’ﬁddules of said body to the module alignment
marks on said nozzle forming mask imr the same relationship as said
modules were aligned to thé module alignment 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 indiudes forming said masking
.means from a piece of sheetlﬁaterial having a first part constituting
said module alignment maSk'béaring module alignment marks and a second
part constituting said nozzle forming mask bearing said array of holes
and said module alignment marks matching the module alignment marks on
said first part ahd dividiné said sheet into said first and second parts
to form said two matchingfgésks.
'In one fo:mﬁthh method of the invention-.is
characterised by forming sgi&'nozzles with the axes at‘least of alternate
nozzles coplanar and so 1q¢iined so that in operation of the apparatus
droplets are deposited f:bmfthe nozzles on a printing surface at a
substantially uniform sb;ciﬁg trgnsversely in the direction of relative
movement between the-apﬁérétﬁs and said surface.
In anothet:fbrm the method lncludes forming said

piezo-eléctric material poled in a direction

modules each with a shee
normal thereto, said chann
therebetween, applying élgéifodg means to channel facing surfaces of said
side walls and cbnnecting@tbfstid electrode means of each channel side
wall electrical pulse.gﬁpl_#hg means for effecting'deflegt;on in shear
node of said channel side wells to enable droplet ejection from said

channels, characterxsed y”formxng each module in opposite end surfaces

defining channel dividing side walls

Thxs is the repiacement shest
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hal f-wi dth channel s are able to achieve the manufacturing channel
tol erances in the nodules in the sheet 3 if necessary enpl oyi'ng tenperature

control

for nmodules up to a maxi'mum wi dth. The second and third steps are

~achi eved by neking the nozzle ablation nmask and a nodul e alignnent mask
~either separately with matching nndule‘aﬁibnnent mar ks or together froma
single sheet mhich is divided to separate the nozzle ablation mask portion

LS U, TR, ol DR TR ek YhedR SRR ORER bSO,

- nmodul e allgnnent nar Ks
assenbl edswid MOthealtpgmmBammdhas‘umon@ ebafmmlseare formed between

respective palrs of buttedmqug}es thereby to-provmde in said sheet an
array of like channeIS'unifermi§ spaced in said array direction and
forming said nozzles cOmmunitdgﬁng respectively with the channels of the
body . o ', .

The invention further consists in a drop-on-demand
droplet prlntlng apparatus comprlslng ‘a body formed with a high density
array of parallel prlntlng llqu1d channels extending normal to the array

direction, nozzles respectlvely ‘connected with sald channels and pressure

pulse epplying means provlded w1th each channel and adapted to apply
pressure puises to printlng quuld in the associated channel to effect
droplet ejection therefrom characterlsed in that said body comprlses a
plurality of like modulesnser;elly butted together at facing end surfaces
thereof disposed normal te'seid array direction and said nozzles are
disposed to ensable ejectidn'ef droplets to be deposited on a printing
surface at a predetermined“sﬁaeing transversely to the direction of
relative movement betﬁéen ;ﬁeeépparatus and said surface.

Suitably, Seid:ﬁozzlee are formed in a single nozzle
plate which spans the;chaﬁﬁeIS'bf the serially butted modules.

In one‘form ef;the invention, in the body of the
apparatus each module in'seidifacing end surfaces is formed with

_respectlve channel parts 50 that further channels are formed between

respective pairs of said. butted modules thereby affordlag in said body an
array of 1ike channels: unii rﬁly spaced in said array direction and said -
nozzles have their axes ar_'lel and communicatlng respectively w1th the

channels of said body
.The lnvent‘

u ther cons1sts in mask1ng means for
’channels of a high

on respectzvely wxﬁ
5 elongate body formed by & plurality of
‘module alignment mask and

forming nozzles in cpmmunxea

density array of chahﬂe
modules butted together in "
a nozzle forming mask’ 1n.e ch of which are prov1ded matching module
:zzle forming mask an array of holes

ies, comprislng a- Qﬂ

alignment marks and, in th
corresponding to the locatlon of the nozzles to be formed, whereby said
module alignment mask is'emp_oyed to position the modules of the body in
accordance with the’ module alxgnmenc marks and sa;d nozzle forming mask

is employed to locat "aid body relatively to the module alxgnment marks

This is the replacement showt
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i its nozzle plate with the matching ablation mask whi ch communi cate
respectively with the printhead channels. Accordingly a mask 61,
illustrated in Figure 3, is provided which is nade of silicon and from
:which the alignnent ‘and nozzle abl ati or Wwesks are produced. Silicon is a
»suitable material for making a full wi dth printhead nozzle ablation mask

- because it has a high ablation threshold, suitable fior an excinmer |aser

' contact abF adidnnoredle, ferdiog wasdr malth@xp@mﬂ;|rehan@e§lﬁnpcaerﬁaldmpdbéeaueee

. precisi onrﬂéé,{egogo ?ﬁgl Qﬁghﬁezw dekys W@%%{&%gﬂu%qﬁﬁfé}ﬁgnpfméb%o”@ﬁ& 61 is

~according vi ded by se atiron line etc ereon into two parts 65
“and 67. sﬁldpapﬂ-esenaﬁeubmehw faeuing pasisganvhe gsed dRsfory aRkf Pozdfes.

~coplanar, alternate hop&serably, ea&ih Rk S U12psthent: ndsRCand 8L ES noksd he rows

. 73 and 75 are of f set
: forming mask are made from a 31ngle sheet which is severed into said

masks after forming sald match;ng alignment and said array of holes
thereon. “ :
' The invention also consists in the method of
manufacturing a plurallty of like modules each havirng formed therein a
high den51ty array of parallel channels characterised by providing a
sheet of material, cutting in a surface of said sheet at least two like
arrays ot parallel chanhele on opposite sides of a part of said sheet of
width in the array direction’greater than the chaﬁnel width and removing
said part of said sheet between said arrays to separate said modules.

Sultably. there is formed at each 81de of sald part of
said sheet between said arrays and adjoining said part a further channel
parallel with and of depth“greater than the array channéls and of half
the width of the array chehhels in the array direccion and separating
said modules by removing f:dﬁ che 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 erreys aﬁd-éhich intersects each of the further
channels. .
The invention will now be described, by way of example,
with reference to the accompanylng drawings, in whlch

FIGURES 1(a). 1(b). i(c) and 1(d) are reSpectlve

sect1onal side elevabio_ ' array. drop—on-demandwprlntheeds formed by

the manufacturzng methods-of he present 1nvent10?.
i FIGURE 2(a). ;s?a sectional end elevatxoq@of a
piezo-electric sheet of materxal lllustratlng a stage in the manufacture
eccordlng to the 1nventlon of the printhead 111ustrated in Flgure l(C),'
FIGURE 2(b 1s_a fragmentary perspectlve v1ew .of a

printhead module at a,stage of manufacture folloq}ng that illustrated in

Figure 2{a);

FIGURE 3 is a plan view of a mask

modules and for the nozzle manufacture stage of.
FIGURE #( 0 is & diagrammatic plan

the nozzle forming stage in the manufacture of th_

e printhead; and,

view illustrating

;printhead

Tms is the replacement shm
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% a spaci ng of half t he prlnt resolution and are of a size suitable for

abl ati ng nozzles in the manner described in co-pendi ng European Patent
Application No. 88308513.6 (Publication No. 0.-309 146). Etched in the mask
61 adj acent the nozzles holes at |ocatiogs-representing the centre |ines of
-the nodules are pairs of marks 77 which straddl e the separation line 63 so
~that after separation of the mask along the |ine 63, ‘each part thereof is

: provided wi th nodul e r €gGEaE at(bprisnar\h&ﬂaf tHeusppgdrecpanised inothe he nask is

“used to alj N t e 'qua&lme,‘%né{%rgl lgg |n’trh%oﬁ"'f%hl(at the part 65 is used

"to abl at e PRE"HESS ea I'i gnment  nask 61 is
first- pl aced at suitablfBe desicriptioh ehi‘th €&l Jaowd péla(t;eg .tor 8t adj acent a

Ul At il orRlcuRL Ae° afRay NGB IANEENadChr LA 1fie RS knALIf! cORYATsePh el et

crltlcal can be ac 'd t'he requi ext ent by pressi ng eac

: piezo-electric material poled in a direction normal to the sheet and
formed with an arrdy of prlntlng ink channels which extend normal to the
array direction and define ‘channel dlvxdlng side walls therebetween
nozzles 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 applyxng means to effect
detlectlon in shear mode of S&ld chaanel side walls to cause droplet
ejection from said channels,.sald deflection of each side wall being in
the direction of the field.applied_thereto when the electrode means
thereof are subject to sn electrical pulse from said pulse applying
means. ' _ '

Such prirntheads are described in co-pending European
patent applications 88300144.8 (Publication No. 02777034), 88300146.3
(Publication No. 0278590A) and 89309940.8 (Publication No. 0 364 136},
the contents of which are herein incorporated by reference.

Notwithstanding that the following description of the
embodiments of the inventien is based on array pfintheads 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‘ﬁ 584,490 and
US-A-4,296,421. : s

Referrint*ﬁdw‘fo Figures 1(a) to 1(d) in which like
parts are accorded the same reference numerels, the array printhead 1
illustrated in Figure l(a) comprises a sheet 3 of_piezo-electrxc
material, suitably PZT (leadizirconlum titanate) {formed in opposite
faces 5 thereof with array channels 7 and poled normal to said channels
as indicated by arrows 9 end 11. As will be sppreciated from the
description below of Figﬁres ‘2 to 4, the array fiﬁtheads of -Figures
1(a)-1(d) are formed from serlally butted modu} 2 of limited length in
the array dlrectzon. that is’ to say the 'direction
the’ plane of the axes. of channels 7. Many consxderatxons influence the

choxce of module length to 'be employed, for example processing and

perpendicular to and in

" This is the replacement Sheet
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| ongi tudi nal 'y agai nst an end stop. The nodul es are subject in the "pick
and pl ace” machine to a sequence of steps which includes: (a) picking up
each nmodule 2 fromthe sheet 3 fromwhich it has been separated; (b)
~connecting an LSI chip term nations to-téhe connection recesses of the
-nmodul es, (c) testing the integrity of the electrical connections and the
;activity of the channel side walls-(d) applying bondi:zng glue to the end
‘wal | s of assesbbduliietdand tiwe mbdebs suhessEiblo, Ithesmiueathnsbon Holexanees

; plate, in the array direction, avallable PZT material 51zes. available LSI drive
chip number of termlnatlons._etc

The channels’ 7 are cut in the sheet'j.by grinding using
a dicing cutter of the kind described in co-pending European Patent
Application No. 88308515.1 (Publlcatlon No. O 309 148) and in the manner
described in co—pendlng European Patent Application No. 89309940 8
(Publication No. O 364 136)-so_that the channels are defined between
facing side walls 13 naying‘chennel facing surfaces 17 on opposite sides
thereof” to which.are applied'respective coatings IS'of'meral to provide
electrodes 19 to which an electrical impulse can be applied to cause _
deflection of the correqunding-side wall in the direction of the field
caused by the impulse. éucleeElection in turn causes a pressure pulse
to be applied to printing liQuialin the channel. In operation of the
arrangement of Flgure l(a) any partlcular 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 eledtrodés'19 have a passivating layer (not shown)
applied thereto which insuletes:them'electrically 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 communicate: w1th ‘geach channel 7. At 'the forward ends
thereof the. channels 7 are closed by a nozzle plate 25 which spans all
the serxally butted modnl 5.2 and in which are formed convergent nozzles
27 which communicate wi spective channels 7 of the modules. At
the ends of the channels mote from the nozzle plate are provided
respective connection rec 29 which are in alignment with the

channels so that each: connect1on recess connects WLth the corresponding
The channels 7 are cut by the dicing

channel by way of a bridge 1
cutter referred to, to a'gre ter depth. than the depth of the connection

recesses which are cut to. eater depth than th ‘bridges. With this
arrangement by platlng the e ctrodes 19 to.a de th in the channels
gredter than the depth of ' tk ‘the bridges and sides

and bese of the connecti

he _onnectzon recesses.
recesses are coated wzth metal to render them

conducting in the respeét stages that the- facing surfaces of the

This is the replacement shewst
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(e) placing the nodules in alignment on the printhead. Alignment is carried
out enploying a vision canera which i nages both the nodul e and the

al i gnment marks on part 67 of the mask 61 in optically superinposed inages.
:The centre of the nodule is ascertained by conputer and the nodule is then
‘nmoved to the cover plate so that the centre of the nodul e as seen by the

-canmera is jngali gél'&%”&al".’ﬂst Rabd&hke '&L»hsesa'rgg&ﬁm%dr@fk ¢J. on the mask
‘part 67. I's procedure’is repeated w th sucfessive modules until a nodul e
‘is in alignnent with eddile pamdectiomrechesemaR PRE COBRCLEFADN BPrdingces

_between t he. gRAa @sa5e JFedR 14T RY1 dichbi&ld s4hidbdlcHg, bond material . The
gl ue bonds between the nodul es and between the nodul es and the cover plate

“are-cured by an Ul traVil8eeForUgf erslRg oF SRV FLaRRAS) TuIFaRs.
- Anot her caifeps deppseedRko¥Sbnt 6n i thePBFindifg fbRErate -are at double the

density of each of said rows. 'These nozzle rows are formed in the manner
described in European Patent Application 88308513.6. .

Whilst the ai:ahgement of Figure l{a) has been
described as having channel arrays in opposite faces of the sheet 3. the
channel arrays could instedd be formed in seﬁaraté sheets which,
subsequently, are disposed.baﬁk to back.

Referring ﬁow to Figure 1(b) in which is shown an
alternative printhead layout. This provides a tapered block member 41 on
which the sheets 3 forﬁed'wiéh the respective channel arrays are mounted.
The member 41 instead 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 embodiment of Fiéure 1{a) two rows of mutually staggered
nozzles 27 are provided for thg channels 7 of the respeétive arrays.

o The desigh 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 cover 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 noziie plate 25 spans the seriallé butted modules 2
of each atray and is formed with two rows of mutually staggered nozzles
27 which communicate witﬂﬁ:egéective channels 7.

. The printhead illustrated in Figure 1(d) comprises &
single row of nozzles,Z?Liniihe nozzle plate ngﬁhich communicate with
el .%'of the sheet 3 of Serially butted modules 2
: ':_The channels 7 are

the respective ink éhéﬁﬁel
at the mid-point of the length of the chennels
provided at each end theréof?with a.connectfbanecess 29 which connects
with the channel, as in the arrangements altédddeescribed. by way of &
bridge 31. The ink feed to the channels 7 ;Sfé#bkided by two ducts 33
cut in a cover face 35 of the sheet 3 to a dégg@;such that they '
communicate with opposiﬁ.' ﬁéé respectivelyﬁdf.ﬁhg channels 7 and a cover
plate 37 is bonded to the face 35 of the modules 2 to close the ducts 33.

This is.the replacement shest
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lines for 100 per cent integrity thereof. Although the nethod described of
mbdul e al i gnment calls for the enployment of a nodul e alignnent -mask to

ef fect correspondence. between ali-gnnent marks on centres of- the nodul es
and the mask, an alternative indirect pr8cedure can be adopted in which the
calignmmnt mask is used to create marks on a substrate, suitably an array
‘wi de sheet which serves as the cover plate of the channels. Thus the

nodul es arscasdingdy edinkyis|dedivansd. theeshfchennehd yavs REREAEIPRIRErSE y t O

the marks b8 Ul sLbeiaaoacdidhouala use &Eaﬁgﬁeatlﬁﬂmﬂﬁr&sbmme\gﬂ Il be
- noted that in the case of the enbodiments of Figures 1%@%1 and (l}qé" t he
' common i nECBAFRAF AR IOV Tom PRACABIM QTS R ChARIMS SRTECEY: Fr PRTIRERP &te

~located im Lbeecouktagdl.ate of the channels - whereas in-the enmbodi ment of
: Figure 1(d) the Commnﬂxnk Sugr.plo)f‘ serxail?rb%ttlng together the modules 2

of the printhead is now_descr;bed using the printhead sectxon of Figure
1(c) for i;lusttative_pufpbsés;f The procedure described involves the
production and assemb1y ofimodulés which have active channels formed on
only one face of & sheet 3 of piezo-electric material. The principles of
manufacture and assembly ofithese butted modules can be applied to other
printhead structures, for eiampie; those disclosed in US-A-%4,584,490 and
US-A-1,296,421. ' '

Figure 2(a) iliustrates a sheet 3 of pieib-electric
material formed with two a#bafs of channels 7 of respective modules 2 and
the channels of each af:ay.beihg formed by side walls 13 having facing
surface§ 17 and bottom_suffacéé_B?. The channels are provided at
corresponding ends theréeof with respective connection recesses 29, there
being a bridge 31 betweén:eaéﬁf¢hanhel and its connection recess which on
bonding of the cover plate.z; forms a liquid seal.

The médtles;érére connected by a thick wall 39 which
is, as hereinafter déééribé&"'later removed thus separating the modules.
Outer surfaces 41 of the’ wall 39 are defined by cuts 43 formed by a
narrow dicing blade which forms half-width channels 45 and 47. These are
cut deeper than the chennels 7 ‘and have a uniform depth. The narrow
dicing-blade in cutting the half width channels, dresses the outer
surfaces §9 and 51zq£q9hannel; ﬁs and 47 and the outer surfaces 41 of the
thick wall 39, the'ldtﬁér_ dces being located to enable plating down

the wall of the outermost channel of each module to the same extent as is
offchannel walls 13. A similar wall 39 and a
t the outer end of each module so that

desired for the surfgqes':
half width channel is
each module hes like ends .
After plat the surfaces 17 of the channels to
form the electrodés_19féﬁd' half channels in the manner described in
co-pending Européan!Pﬁten_ pplication No. $9309940.8 (Publication No. O
364 136) and application t e deposited electrodes 19 of a passivation
| | _éh~the modules 2 afe formed is transferred

. robotically to a second jig where it is mounted in inverted position in

layer, the sheet 3 in

This is the replacement sheet
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formed by first butting together of the nodul es and then nounting the
butted nodul es on the cover plate. |In Figure 1(b) however, the common ink
supply is provided in the nmounting bl ock on which the modul es and t hei r
cover plate 21 are carried. In the nozzt® abl ati on process the printhead is
conveyed into an ablation station’where it is placed adjacent the nozzle
~abl ation mask which was formed in the alignnment nmask .part 65, part 67 of
‘whi ch was wihel $whs 83 sanebfgrmeld wivkchnpytgnss inyg @nmz*meto} heprendrsR etom 65

‘Wi th the pyd Rhéandrienadaid l&she%ﬂﬁi Wil Bod) HOBKE ARBER matdPiu1Shbide@R Mask
_part 65 the nozzle plate 25 and PZT sheet 3 are partly transm sive to

i nfra-red fegRtts@3ats itsagEeb LYt Hie ertiffers ‘Eﬁ-\“f’ﬁe”f?of’itf% ek 1B4r t

tolerance so that the modules 2 are separated. Figure 2(b) illustrates
in perspective one of the mbdules 2 after separatﬁon thereof.

In the. arraﬁgement of Figure 1(c) Eﬁe ink supply.ducts
33 are formed in the sheet 3 and the electrode platlng is conveniently

" done following the cuttlng of the channels 7 or at any time prior to
separating the modules,

After the_medules are separated they are robotically
‘transferred to an assembly jig where they are optically aligned end to
end. ' -

When assembling a‘printﬁeqd from modular:components,
tolerancing is of great importance. In particular, it.is desirable to
Yocate the nozzle centres (and drop ejection axes) to an optical standard
of accuracy in order -to achieve uniform and repeatable drop placement
accuracy which is especielly important for U~colour printheads to avoid
Moire interactions. -

It is therefore necessary, fifst to manufacture the
modules with their array-channels 7 at a pitch 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 (Puincation No. O 309 146), the’ nozzlds are asblated in *
the nozzle plate 27 which is applied to the full width of the printhead,
the nozzles sacross the entire printhead must respectlvely fall wholly or
substantially w1thin ph _

The nulti disc cutter and the cutter for making the
half-width channels are-able to achieve the manufactur;ng channel
tolerances in the moduiee in the sheet 3 if necésSary employing
temperature control for modules ‘up to a maxlmum:width. The second and

third steps are achieved by making. the nozzle ab:atlon mask and a module
dule alignment marks or

alignment mask either separately with matchzng :
together from a gsingle sheet ‘which is divided to separate the nozzle
ablation mask portion from the module alignmenc nask portion and ensure

by reason of natching fﬁle alignment marks’ in the masks that a’

This is the replacement sheet
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-.12 - can be obtained and nozzle placenment in the channels verified. The
nozzl es are then progressively abl ated stnultaneously along the full |ength
of the printhead. Consequently the precaution of naking and assenbling
“parts by the above jigging procedure indil@ates that: tol erances of [err]
3[err] in nozzte placenent can be net even though .the manufacturing and
assenbly tol erances are greater. In. the event that the channels comon to

two butt edPRifkieas wrheh iy sapewbled Wi Fhe GARMRANS n8sk has APFrEes fpraade

- gl ue bonds iprDyenufER) badtes watl thanauichbfg akelbragadinshidheoaniniabig i nk
- pressure, then one or nore chann‘:Leaa/vlclmnne sl nactive. Fi gures A(a) and (b)

illustrat er??%ecﬁbﬁlrye it dPeopFint .

Accordingly a mask 61, illustrated in Flgure 3, is

- provided which is made of 5111con and from which the alignment and nozzle
ablation masks are produced, Silicon is a suxtable material for making a
full width printhead'nozzle ablation mask because it has a high ablation
threshold, suitable.fo: eh e#cimer laser contact ablation mask, a low
thermal expansion eoefficientland because precision silicon etching is
widely practiced. '

. The area of the mask 61 is accordingly divided by
separation line 63 etcned thereon into two parts 65 and 67. In part 65
are etched two pairs 69, 71 df rows 73 and 75 of coplaﬁar. alternate
holes. In each pair 69 and‘fi.fhe hbles.in the rows 73 and 75 are offset
by a spacing of half the print resolutidq and are of & size suitable for
ablating nozzles in_the_mahner described in eo-pending European Patent
Application No. 88308513.6 (Publication No. O 309 146). Etched in the
mask 61 adjacent the nozzles holes at locations representing the centre
lines of the modules are pairs of marks 77 whieh.Straddle the separation
line 63 so that after separetion of the mask along the line 63, each part
thereof is provided-witﬁ-ﬁodﬁie registration marks 77. Thus the part 67
of the mask is used to align the modules during bonding thereof whilst
the part 65 is used to ablate the nozzles.

To assemble the prlnthead the ‘alignment mask 61 is

first placed at suitable statzon of a "pick and place ‘robot adjacent a

: -wThe alignment of the mask and cover plate is

not critical and th be %ved to the requ151 .extent by pressing each

longitudinally against an.end stop. The modules ‘are subject in the "pick

q'ence of steps which' 1ncludes'

2 -_t‘rom the sheet 3 tj:;pp which it has been

and place” machine ‘to af;
(a) picking up each module

separated;

"(b) connecting an LSI chip terminations to the connection recesses of the

modules, ;
(c) testing the integrity of “the electrxcal connections and the activity

of the channel side walls._.i
(d) applying bonding glue to' the end walls of the ‘modules and the faces

thereof to be secu:ed.tjt he. cover plate,

" This is the replacement shest
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procedure applicable to nmodul es separated by one or nore 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 nmodul e width. A

| i ght beam 74 from UV exciner |aser sourge-76, though, if desired, other
forms of high energy beans can instead be used, is directed onto the nozzle
plate 25 with a small degree of convergence by -way of a lens 79 or mrror.
As a conse(pleptecinie tho Zivkiasesaria. abiganent wint bhd peintiaedas slightl y fanned.

“The nozzles at the end gf, e nodul e fo pread s h
di stance equal to the d@bﬁn??lgﬁf %%?ﬁ£$r5%1?ﬁe H §IeV1 %%E@%% the paper
surface, twidchriraged bitths the auadpié ond) thehalagnneaic weriksi oy Rektndz 2F etheal ong

- the nozzl g age frb%ei&&sy igag1 ahe{matglaen tﬁ@ SEAReU0¢ RRafdTe 4 Wi |
. be apparent that where the” channel's between t
: ascertained by computer and the module 1s then moved 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 mask part 67. The tolerances between the modules are
made up by filling with glue bond material. The glue bonds between the
modules and between the modules and the cover plate are cured by an
UltraViolet (uv) cufiﬁg or heat curing energy pulses. _

Another'camera may be employed to inspect the bond
lines for 100 per cent 1ntegr1ty thereof.

' Although the method described of .module allgnment calls
for the employment of a module alignment mask to effect correspondence.
between alignment merks on centres of the modules  and the mask, an
alternative indirect'pr6cedure can be adopted in which the alignment mask
is used to create ngrks-oﬁ a gsubstrate, suitably an array wide sheet
which.Serves as the cover plate of the channels. Thus the modules are
assembled by alignment'thereof on the substrate relatively to the marks
created thereon theough use of the alignment mask.

It will be noted that in the case of the embodiments of
Figures 1(&) and (c) the common ink supply means for the channels of the
assembled printhead are located in the cover plate of the channels -
whereas in the embodiment -of Figure 1(d) 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 Figure 1(b) however, the common
ink supply is provxded in the mounting block on whzch the modules and
'thelr cover plate 21 are carried.

In the nozzle ablation process the printhead -is
conveyed into an ablatlon station where it is placed adjacent the nozzle
ablation mask wh;ch was formed in the alignment mask part 65, part 67 of
which was used foé'assenbly of the modules. Alignment of the mask part
.65 with the printhead is again checked with a vision camera. The silicon
le: plate 25 and PZT sheet 3 are partly transm1551ve

mask part 65, the“po
to infra-red light.so angimage of the channels 6n the nozzle mask pert

This is the repiacemem"shest
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butted nodul es are usable, the nozzles are ablated with' their axes

paral l el enploying a parallel |aser beam In an alternative enbodi nent of
the invention the nodules are forned with each end surface thereof
~contained in a plane normal to the arrayydirection and with the thickness
of the outer walls of the end channels of each nodul e substantially the
'sane or greater than that of the other channel walls of the nodule. The
~wal |t hi ckdmasbe adbtlalifed mnatxixmwfpmehemim fHe khahHeas ddnifiekcemss t hat of

brare 55" ZPRATEE et A Blot e lbeY BB arado R0 Ritalesd "ol SRR 001
t hat the dergtesfothe mrintieddss Corsechuemdy phogressition aft welcidg iuucbm t he
centre of AsQQmEEEHE ﬁ§rts by the abeﬁe Jjigging procedure indicates that tolerances
' of £ 3n in nozzle placement can be met even though the manufacturing and
assembly tolerances are greeter.

In the_event that the channels common to tonbutted
modules are unusable-as active channels, for example, if the glue bonds
prove unreliable and cannct 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 one 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 pasper surface, the printed dots are uniform, the
actual density of nozzles elong 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 employ1ng a parallel laser bean.

In an alternative embodiment of the invention the
modules are formed with each end surface thereof contained in a plane
normal to the array_diregtlon_and with the thickness of the outer walls
of the end channels of each module substantially the same or greater than
that of the other ehanneltwalls of the module. The wall thickness at the
junction of each pair of ﬁodules thus exceeds'that of the other channel
walls of the modules. Aceordingly. the nozzles 27 in the plate 25 are
formed as described in relation to Figures U4(a) and U(b) so that the
nozzles of the modules are fanned progressive outwards from the centre of

the modules.
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Date: - 6§ SEP 1996



*

Clains 1. The method of nanufacture of a drop-on demand droplet printing
apparat us conprising a body formed with a high density array” of parattel
printing liquid channels extending normal to the arﬂ‘aysﬂietfl%hééﬂ'?{e megzl es

‘respectively connected with said channelsy -printing.|f ans '
"wi th which said channel s each comuni cate and pressuri mu " ng nmeans
provided with each channel and adapted to apply pressu printing
“liquid in gllagmassoci ated channel to effect droplet electlon therefrom
~characterised by form ng said body froma plurality-of.|ike nodul es
"serially butted together at facing end surfaces disposed normal to said
~array direction, and wier eThe @gthrdpf seanifpotireess readropragpperdnde end
surfaces tcﬂ%ﬁ@@@ %@%@ﬁ? %ufal%%”}ﬁl tﬂérﬁﬁxdseontmgupf'-_ bddy Rerdeageidier of
rmsaid '

~said nodul es to further channel s _ are.
high density arrasy of parallel prlnting liquid channels extending normal

to the array direction, nozzles respectively connel’ed with said
channels, printing liquid supply means with which _aid channels each
communicate and pressure pulse applying means provxded Wlth each channel
and adaepted to apply preesure pulses to printing liguid in the associated
channel to effect droplet ejection therefrom, chenécterised by forming

i butted together at

said body from a plurality of like modules serial
facing end surfaces disposed normal -to said array -direction, the
arrangement enabling ejection of droplets from th gchannels so that said

droplets are deposited on a printing surface at & predetermined spacing

transversely to the direction of relative movement between the apparatus
and said surface.

| 2. The method claimed in Claim 1 characterised by
applying a single nozzle plate to said body to span said modules and
forming said nozzles in said plate.

3. The method claimed in Claim 2 characterised by
1prising two matching

forming said nozzles by providing masking meansa_
masks of which a first mask is a nozzle forming' _
a module alignment mask, said nozzle forming mask being formed with an
array of holes corresponding ‘to the locations of nozzles to be formed and
with module elignment marks and said module alignment mask being formed
with module alignment marks matching the modul
nozzle forming mask, employing said module alignment mask to position

' said modules in serially ‘butting end to end relationship at locations
predetermined by the alignment marks of said module -alignment nask,
assembling said modules together to form said bodY. bonding said nozzle
plate to said body, employing said nozzle forming mask'to align said

modules of said body to the module alzgnment marks on said nozzle forming
gned to the module

k and a second mask is

.alignment marks of the module alignment mask and employing seid nozzle
forming mask with said nodules [7e] aligned therewith to form nozzles

respectively opening intc the channels of said odules
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f ormed between respective parts of said butted nodul es so énabling ejection
of droplets fromthe channels so that said droplets are depmssneed-la@BeeaRFﬁIaced :

printing surface at a predeterm ned spacing transversely to

of relative novenent between the apparajfs- and said surface

- method according to Claim1l, further conprising the step of closin
channel s in said body with a cover. 3. The method clainmed in C al m 1 or

O aim2, characterisedi.byTheplathod <lasned)|cdahmxizie ¢ledt 8.t 0, sai d body to

~span sai dfmdul &S A% Polhiif 3344 DQEEAShekhs b PHrH& of sheel? -

material having a first part constituting said module alignment mask.

bearing module alignment marks and a second part constituting said nozzle
forming mask bearing said a&rey of holes and said module alignment marks

- matching the module alignmeht marks on said first part and dividing said
sheet into said first and second parts to form said two matching masks .

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

_ 6. The method claimed in Claim 5, characterieed by
forming said masking means from silicon and forming said_holes therein
and said alignment marks thereon by etching.

7. The method claimed in any preceding claim,
characterised by forming said nozzies with the axes of at least alternate
nozzles coplanar and so inclined so.that in_operation of the apparatus
droplets are deposited from'éhe nozzles on & printing surface at a
substantiélly uniform spaciné transversely in the direction of relative
movement between the apparatus and said surface.

8. The method claimed in Claim 7, characterised by
forming said nozzles with a slightly convergent, high energy bean
directed towards the nezzle plate and by way of a mask formed with
apertures corresponding to.the nozzles to be formed.

) 9. The method claimed in any preceding c}aim, which
includes forming said modules each with a sheet of'piezoielect:iq
material poled in a direction normasl thereto, said channels defining -
channel dividing-side wal}g therebetween, applying electrode means to
channel ‘facing surfaces ef'said side wells and'connecting to said
electrode means of each channel side wall electrical pulse applying means
for effecting deflectxon xn shear mode of said channel side walls to
enable droplet ejection .from said channels, characterised by forming each
module in opposite end surfaces thereof with respeetive channel parts sO
that, upon butting together of said modules to form said body, further
channels are formed between respectlve pairs of butted modules thereby to
provide in said sheet an array of like channels uniformly spaced in said
array direction and formxng sald nozzles communicating respectlvely with

the channels of the body ¥ 10. The method claimed in Claim 9,

Hllllll \Illll III!I llIlI \l Illl s e rplacement shee
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4. " The method claimed in Caim3, characterised by f yols d nozzles
by providing masking means conprising two matching masks 3
mask i.n a nozzle form ng mask and~a second mask is a m)d

|

said nozzle form ng mask being formed witiy an array of h

to the locations of nozzles to be fornmed and with nodul e ali gnrrent mar ks
and sai d nodul e alignment mask being fornmed with nmodul e alignnent nmarks
mat chi ng t heharedtémisetl i gn Mo ingaskis @hemrkeel p@ztzd sof drati bige- TEBKE 108N @yt

sai d nodul e, gl gﬁmkem%uws RRRLAds0 in ST ol d%gksé% Sgid ahhyy Bidd.0g, end

to end rel a?| ons | ocati ons redet er gnnment mar
'sai d nodul eans r:grhwemnm 1%&14@115%&% anﬁtﬁjfegth%gétt%ﬂtf@“%ﬁ m sai d

body, bondiggwedh 4382 e. g}-%tg@ woalfedody, enploying said nozzle formng
mask to align said np es of said body to the nodul e aljignnent marks on

said nozzle form ng ma -i nTheh@ethade clained & High o ofF ol es were
aligned to dHaeatbsiiked By gﬁﬁm&\gw&i&r% bhecimpdut esali goumes, rask and

enpl oyi ng Saleg:tggdzezlngartsortg] cr'}gannel facing surfaces of said side walls of each
module including the_31de wall surfaces of said channel parts each of
which faces the corresponding channel part of 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 elect;ode 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 fecesses with conductive material, and electrically
connecting the electrode means of the channels to said conductive
materiél 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 corresponding 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 corresﬁdnding connection recess. .

15. The method claimed in Claim 14, characterised by
'formingleaid abray“chahhéls'collinearly with the respective connection
recesses and bridges and wlth said channels of uniform depth, said
recesses of uniform depth less than the depth of said chennels and said
brldges of uniform depth less than the depth of said recesses and
applying said electrzcally conductive material sxmultaneously to form
said electrode means in the channels to a depth greater than the depth of
the connection recesses, said conductive materiael on the bridges and said
conductive material in the connectlon recesses.

16. The method claimed in Clalm 15, characterlsed by
forming. said body from said modules with at least a number of said
nozzles of each module ad;acent each of said butted surfaces thereofl

outwardly fanned in the plane of the channel axes to enable deposition of

TSN

HII\II\ \lll\\ III\\ \\I\l \\ \ll\
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mpsk with said nodul es so aligned therewith to formnozzles re I lced -
opening into the channels of said nodules. 5.  The nethod 'fi e n Keplace
Claim4, characterised by formi ng said nasking neans froma pi Ill
material having a first part constitut+ng said nodule align L

bearing modul e alignnent marks and a second part constituting said nozzle
‘form ng nmask bearing said array of holes and said nodul e alignnent marks

mat chi ng t¢rRePABEUITEORI thensbennedardorreapendisef tq §1al11)eqthemﬁ¥d fringf rmypzs hésl

sheet intorsakdadddsgted R $LGOBH:iMARESsdTaker 48 SAk forn \Agpet&hghl ng masks. 6.
The method clained in Claim4 or, Jaim5, characterise orm ng said

maski ng neans form mat¥ri afhh2eEhest &lﬁ’r"éﬁﬁl 1B GEiBn ¢ I‘f?“@é“r%?ﬁlsﬁﬁ‘d b&npl oyi ng
can abl ati oform@fgrsali dddules alithN@%¥ k@6faces each contained in a plane -

extending normal to the array direction of said channels, butting said
modules together to form said body, applying said singlé nozzle plate to
the assembled butted modules and so forming in said nozzle plate
respective nozzles for channel; of the array such that droplets ejectéd
from said nozzles at a distance equal to the drop flight path thereof to

a printing surface are substantially uniformly spaced in the direction

transverse to that of relative motion between said apparatus and said
surface.

18. The method clalmed in Claim 17. characterlsed by
forming said nozzles in said nozzle plate by laser ablation using &
convergent excimer laser beam thereby to form nozzles having axes
progressively increasingly inclined from the nozzles at the centre of
each module to ﬁhe nozzles at opposite.ends in the.array direction of
said module.
' ' 19. 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
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
therefron, characterised iﬁ that said body éomprises a.ilurality of like
modules éérially'butted together at facing end surfaces thereof disposed
normal to said array diréd%ion and said nozzles are disposed to enable
ejection of droplets to be dep051ted on a printing surface at a

. predetermined spacing transversely to the dlrectlon of relative movement
between the apparatus and sald surface.

20. Apparatus as claimed in Claim 19 characterised in

that sald nozzles are formed in a single nozzle plate which spans the

channels of the serially ‘butted modules.
21. Apparatus as claxmed in Claim 19 or Claim 20 and in

which said modules each conszst of a sheet of plezo-electrlc material
poled 1n a direction normal thereto, said channels formed in said sheet

" defining channel dxvzding side walls therebetween having electrode me&ns

HIIlIII mlll IIIlI \\I\I ll |II|
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JI5 - 7. The nmethod claimed in . Gaimé6, characterisegl %f}ﬁggg ﬂe,ﬁa%éﬁ
rraskl ng neans fromsilicon and f or i ng said hol es there| m |
al i gnnent marks thereon by etching. 8. The net hod cl al l ll)
preceding claim characterised by fornindd said nozzles w at
| east alternate nozzles coplanar.and so inclined so that in operatlon of
the apparatus droplets are deposited fromthe ngzzles on a printing surface
at a subsP&nf?%ﬂnlgys‘EﬁF"FS? nvheggef mpdt PLERTErSe R LR APRLY TS 3‘5 SofTof
rel ative roussmsed b@tsaeeneléarawaieahyaafaedcrsaﬂhdnmu btide wall for difectmighod
clainmed i terlsed n g n i ly htIy
convergen{& &u °§n%nr 9333 = diRd |?’éct?¥d‘§ 5%% s°?hgheng§zif°e§8¥\%e|a fi’y% %@
of . a mask eﬂectmew ofh sa.pérqluneel cdde egddisdtmenable [Weopketz Béection tfe‘cwor med

said channels, characterlsed in that each module 1n_sa1d facing end

surfaces is formed wifh 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 axes parallel and
communicating respectively with the channels of said body.

22. Apparatus as claimed in Clalm 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 ;ide 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 proyided in each module is an array of connection
recesses corresponding witﬁ and fespectively connected o the channels of"
the module. said recesses being coated with conductxve material, and
being electrxcally connected to the electrode means of the channels.

26. Apparatus as claimed in Claim 25, characterised in

lthat each module is. provided with an array of brldges respectively
connecting said array channels with said correspondlng connection
recesses, said bridges being coated with conductzve material to effect
electrical connection between said electrode means ‘of each of said
channels and said conductive material of the conrespondlng connection
recess. ' -

27. ApparaCus as claimed in Claim 26 characterised in
;yxth the respective

that said array channels are disposed colllnearl

connection recesaes.aanpridges and said channels are of unifo;m depth.
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10~ . The nmet hod clained in any preceding claim whi ch |ncI udes fo

sai d nodul es each with a sheet of piezo-electric materf
direction normal thereto, said channels defining channe

wal I s therebetween, applying electrode nmggns to channel s of
sai d side walls and connecting to said el ectrode means of each channel si de

‘wal | electrical pulse applying nmeans for effecting deflection in shear m)de
of said chamiel rexiedees\alreSof AneNetkl GesrOpked telaecmeoaeﬁdhoar Ss’tld QhARLEl

(11, The in Claim characterls b forn1ng
' said channe &tdgbg%)ﬁﬁee%a?r? %8 ‘]‘m,{%’f’“o‘}?%g @iéhub‘ﬁﬁ Fh%deBHt (%das ﬁ%’dul es .
 ext ends inrace$%ne normal to said array direction and contalnlng t he

' longi tudi nal axis of thg f h |_.formmed n_sai of butted
modul es. This is the repl a%@k&f{tu@ gg'rcelamec{ "Th CIP Wff cﬁaractgglged
: that said butted modules each have end surfaces contalned in & plane

extending normal to the arrsy direction of sald channels and said nozzles
are so formed that droplets eJected therefrom at a distence’ equal to the
drop flight path thereof to a printing surface are uniformly spaced in
the direction transverse 'to that of relatlve motlon between said
apparatus and said surface.

_ 29. Apparatus as claimed in Claim %8} characterised in
that said nozzles are disposed in a.nozzle plate epanning said modules
and have axes progrééeively.increasinglg inclined from the nozzles at the
centre of each moduié 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 Clalm 30 characterised in
that the channels of said modules are provided with & cover plate
extending tﬁroughout 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 comprlslng a duct
element into which' ‘the channels of the module open, thefduct element of

_ the moduIes forming ‘8 continuous duct when the modules are butted to form
the body of the prznthead.

33. - Apparatus as clalmed in Claim 32 characterised in
that the channels and theé continuous duct are provxded with a cover
plate. a o g '

34, @gaskiog means for forming nozziés in communication
respectively with cﬁannéis of & high density arraf'of channels in an
elongate body formed by a plurality of ‘modules butted together in series,
comprising a module alignment mask and a nozzle formzng mask in each of
which are prov1ded 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 said module alxgnment mask is employed to

x € L MsS *
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- 416 - 12. The nethod clained in daim10 or Caim1ll characterlsed by
dpplying, prior to butti ng of said nodules, said el ectrg eoR ﬂhel
facing surfaces of said side walls of each nodul e i ncl udi ;H ﬁ

surfaces of said channel parts each of -wy ch faces the ¢

channel part of the respective adjacent nodule to which butting is

ef fected. 13. The nethod clained in Caim1l12, characterised by applyi ng a
| ayer of pasditiatithe sedullesabf tthe Sxidgt £ eactomhcee‘ans: thel modulléh @l fipinead

clai rod 1 uhal I 2a98 G300 ka8 0061 LEEHRN oRLRG LALFaREy oAUl € an

array of connection recesses corr resi)ect I vel- Yy connect ed
to the charrﬁieltsve;h‘y tthethmegdtele ebmmngt smras refc a@nogk forming mask in

the same relatlonshlp as sa1d modules were al1gned to sald slignment
marks of said module allgnment mask so that sald holes 1n said nozzle
forming mask can be used to form said nozzles. _

© 35. Hasking means as claimed in Clalm 34, characterised
in that sald module allgnment mask and said nozzle formlng mask are made
from a 31ngle sheet which is severed into said masks after forming said
matching alignment mdbﬁs aﬁd said array of holes'théreon

36. Hasklng means es claimed in Claim 34 or 35,
cnaracterised in that said module alignment mask is employed to create
marks on a substraterand said modules are allgned on the substrate in
relation to said marks. . i

37. The method of manufacturing a plurality of like
modules each having férmed therein a high density array of parallel
channels, characterisgd by:providing a sheet of material, cutting in a
surface of said shee;.at'least two like arrays of parallel channels on
opposite sides of a part'bf said sheet of width in the array direction
greater than the.chaﬁ%él width and removing said part of said sheet
between said arrays.ﬁq;ﬁeparaﬁe said modules.

38. The method claimed in Claim 37, characterised by
forming at each sideaéf séid 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 width of .the array channels in
the arrey direction ‘and separating said modules by removing from the side
of a sheet remote'ffﬁh?thé arrays & portion of width in the array
direction greater than the part of the sheet between the arrays and which

1ntersects each of the further channels.
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conductive material, and electrically connecting the el ectrode--eans--of--t-he
channel s t.o said conductive nmaterial of the respective nigct | 0 ec

ol BCESSES.
15. The nmethod clainmed in Claim14, characterised by f -l
nodul e an array of bridges respectlvelyﬁfonnectlng sai'd a { lmﬁth
sai d correspondi ng connection recessesS,““and coating said 15
-conductive material to effect electrlcal connection betmeen sai d el ectrode
~means of each said channels and said conductive material of the

" correspondi ng connection recess. 16. The nethod clained in-C aiml5,

. characterised by fomRORFrOMNiDEMANDS\PRINDING APPARATUOSaAND Wi th the
“respective connection MEBKDEORMANPFADTOREATHEREDE sai d channel s of

- uni form depth, said recesses of uniformdepth | ess than the depth of said

- channel's and said bridges of uniformdepth |ess than t he depth of sald
~recesses

Abstract

The invention describes a method of forming a
drop-on-démand printing apparatus having a body formed with a high
density array of parallel chsnnels (13) extending normal to the array
direction, nozzles (27) comnected respectively with the channels,
printing liquid supply means with which said chamnnels each commmicate
and pressure pulse applying wmesns provided wiéh each channel to apply
pressure pulses to the channel liquid to effect droplet ejection, in
which the body is formed by a plurality of like modules (2) serially
butted together at facing end surfaces (49,51) which are normal to.the
'array direction, the arrangement enabling ejection of droplets from the
channels so that said droplets are deposited on a printing surface at a
predetermined spacigg'trénsversely to the direction of relative movement
between the apparatus and said surface.

FIGURES la, 1lb,lc and 14
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-.17- and applying said electrically conductive material sinultaneously to
formsaid el ectrode neans in the channels to a depth greater than the depth
of the connection recesses, said conductive material on the bridges and
said conductive material in the connection recesses. 17. The met hod
clainmed in Caim3, characterised by forming said nodules with end surfaces
each contained in a plane extending norm#Sto the array direction of said
channel s, butting said nodul es together to f.orm sai-d body, applying said
single nozzle plate to the assenbled butted nodul es and so forming in said
nozzl e plate respective nozzles for cv5ngegéé¥f the array such that
droplets ejected fromsaid nozzles at "a &i‘stance ggual to the drop flight
path thereof to a printi 3L Ll Ly unifor-A-gpaced in
the direction trans /

/7
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bef ween sai d apparatus and said surface. 18. The nethod clained in daim
7, characterised by formng said nozzles in said nozzle plate by | aser

" abl ati on usi ng a convergent exciner |aser beamthereby to form nozzl es
~having axes progressively increasingly inclined fromthe nozzles at the

. centre of each nodule to the nozzles at opposite ends in the array
direction of said nodule. 19. A drop-on-denand droplet printing apparatus
- conprising a body formed with a high density array of parallel printing

i quid channel s extending normal to tgf array direction, nozzles
respectively connected with said chan é$s and pressure pul se appl yi ng neans
. 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 said body conprises a plurality of |ike nodul es

- serially butted together at facing end surfaces thereof disposed nornmal to
- said array direction, wherein :
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eaCh modul e is forned in said facing end surfaces with respective channel
parts so that - 18 - further channels are forned between respective
parts of said butted nodul es thereby affording in said body an array of

| i ke channels uniformy spaced in said array direction and said nozzles
~have respectively parallel axes to enable ejection-of droplets to be
‘deposited on a printing surface at a predeternined spacing transversely to
“the direction of relative novenent betweeﬁ he apparatus and said surface.
- 20. Apparatus as clainmed in O aim 19, ch racterised in that said nozzles
are formed in a single nozzle plate whi ch spans the channels of the
serially butted nodul es.
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21' Apparatus according to Claim19 or Oaim 20, wherein the channels
have side walls in the body separated by channel base walls in the body.
22. °~ Apparatus according to Claim 21, wherein the pressure pul se applying
means operates through displacenent of said side walls. 23. Appar at us
according to Caim?21 or 22, wherein said channel parts in the respective
end surfaces of each nodule conprise a channel side wall and part of a
channel base wall. 24.  Apparatus as clainmed in any.-one of Claims 19 to 23
and in which said nodul es each consist of a sheet of piezo-electric
‘material poled in a direction normal thereto, said channels fornmed in said
.sheet defining channel dividing side walls therebetween having el ectrode
‘means on facing surfaces thereof and el ectrical pul se applying nmeans are
.connected to said el ectrode neans of eaz%gchannel side wall for

F/g 3
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-.19 - effecting deflection in shear node - in the direction of the field
applied by said el ectrodes of said channel side walls to enable droplet
ejection fromsaid channels. 25.  Apparatus as clainmed in any one of
Cains 19 to 24, characterised in that the junction of each pair of butted
nodul es extends in a place-normal to said array direction and contai ni ng
the longitudinal axis of the further channel forned: between said pair of
butted nodul es. 26.  Apparatus as clain%g-in Claim24 or daim 25,
characterised in that prior to buffing of said nodules, said el ectrode
means are applied to channel facing surfaces f/said side walls of each
nmodul e i.ncluding the side mallfgzr aggs f ) annel wpartf3 facing the
correspondi ng changfl pan&; of 1t é?( pett i ‘adfacent /gyl es
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to which butting is affected. 27. - ‘Appat dtius-as claimed in O ai m 26,
characteri-sed in that a | ayer of passivation material overlies said

recesses corresponding with and respectively cdnietf¥IPP “t’ﬂ%geg‘hanﬁ’ep%geéf -----

el ectrode neans. 28. Appar.atus as cl ai ned in j€atm:26 Chatt
{EM&F‘J@
n
the modul e, said recesses being coated with cord éﬁ\'f‘@( t ePagsd -2 ooy paserd Y-
f
"

characterised in that provided in each nodul e isg- y HAELY | orbC

electrically connected to the el ectrode neans df Revangghepaged ... to paged .....
29. Apparatus as claimed in Oaim28; dRaractg

 DATE OF RECEIPT...ul........

Claims

1. The method of manufacture of a drop-on demand droplet printing
apparatus comprising a body formed with a-high density array of parallel printing liquid
channels extending normal ;tb the array direction, nozzles respectively connected with
said channels, printing qu@:id supply means with which said channels each communicate
and pressure pulse applying means provided with each channel and adapted to apply
pressure pulses to printing Iiduid in the associated channel to effect droplet ejection
therefrom, characterised by forming said body from a plurality of like modules serially
butted together at facing end surfaces disposed normal to said array direction, and
wherein each of said modules has in opposite end surfaces thereof respective channel
parts so that on butting together of said modules to form said body, further channels are
formed between respective parts of said butted modules so enabling ejection of droplets
from the channels so that said.droplets are deposited on a printing surface ata
predetermined spacing transversely to the direction of relative movement between the
apparatus and said surface.

2. The method according to Claim 1, further comprising the step of
closing the channels in said body with a cover.

3. The method claimed in Claim 1 or Claim 2, characterised by
applying a single nozzle plate to said body to span said modules and forming said
nozzles in said plate. . |
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nodul e is provided with an array of bridges respectively connecting said

array channels with said correspondi ng connection recesses, said bridges

bei ng coated with conductive naterial to effect electrical connection

bet ween said el ectrode neans of each of said channels and said conductive
material of the correspondi ng connection recess. 30. Appar atus as cl ai ned
in Caim?29, characterised in that said array channels are di sposed -
collinearly with the respective connectildn-recesses and bridges and said

- channel s are of uniformdepth, said recesses are of uniformdepth | ess than
. the depth of said channels and said bridges are of uniformdepth | ess than

' the depth of said recesses. 31. Apparatus as clained in daim19

Tn e Bl ane. oxt endi nghor mil et SBMEIT AR, DRdEBRCY bRARG "
. sai d nozzl eszzesbyprovidingenaskingtmennssiompsisingdwe swtehing wasksmofahich aifisst ance
- equal to t Be iR nbiAORImbRMadk Yd&PLecoRd fhddk id% MAduR Hi§Ahentdhssk, said
nozzle forming mask being formed with an array of holes corresponding to the locations

of nozzles to be formed and with module alignment marks and said module alignment
mask being formed with module alignment marks 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 predetermined 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 said modules of said body to the module alignment marks on said nozzle
forming mask in the same relationship as said modules were aligned to the module
alignment marks of the module alignment mask and employing said nozzie forming

mask with said modules so aligned therewith to form nozzles respectively opening into

the channels of said modules.

5. The method claimed in Claim 4, characterised by forming said
masking means from a piece of sheet material having a first part constituting said
module alignment mask bearing module alignment marks and a second part constituting

' "said’r-lozzlje forming mask bearing said array of holes and said module alignment marks
maftching the module alignment marks on said first part and dividing said sheet info said
first and second parts to form said two matching masks.

6. The method claimed in Claim 4 or Claim 5, characterised by
forming said masking means form material having a high ablation threshold and
" employing an ablation laser to form said nozzles.
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uniformy spaced in the direction transverse to that of relative notion

bet ween sai d apparatus and said surface. 32. Apparatus as claimed in any
one of Clainms 19 to 31, characterised in that ink supply duct neans

communi cate with each of the channels of the array. - 21 - 33.

Apparatus as clained in daim32, characterised in that the channels of
said nodul es are provided with a cover plate extending throughout the array
of channels and in which are formed sai d% nk supply duct neans. 34.
Apparatus as clained in daim32, characterised in that each nodule is
formed wth ink supply means conprising a duct elenent into which the

_ 7. The method claimed in Claim 6, characterised by forming said
masking means from silicon and forming said holes therein and said alignment marks
thereon by etching.

8. The method claimed in any preceding claim, characterised by
forming said nozzles with the 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
printing surface at a substantially uniform spacing transversely in the direction of relative
movement between the apparatus and said surface.

9. The method claimed in Claim 8, 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 corresponding to the nozzles to be formed.

10.  The method claimed in any preceding claim, which includes
forming said modules each with a sheet of piezo-electric material poled in a direction
normal thereto, said channels defining channel dividing side walls therebetween,
applying electrode means to channel facing surfaces of said side walls and connecting
to said electrode means of each channel side wall electrical pulse applying means for
effecting deflection in shear mode of said channel side walls to enable droplet ejection
from said channels.

11.  The method claimed in Claim 1 or Claim 10, characterised by
forming said channel parts so 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.
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channel s of the nodul e open, the duct elenent of the nodules formng a
conti nuous duct when the nodules are butted to formthe body of the
printhead. 35. Apparatus as clained in Caim34, characterised in that the
channel s and the continuous duct are provided with a cover plate. 36. The
method clainmed in claim1, characterised by form ng said body froma
plurality of |ike nodul es having channels, each channel conmunicating at
opposite ends thereof with ducts for suf®ly of printing liquid and at the

m dpoint of the length thereof with a respective nozzle. 37. The nethod
clainmed in claim36, characterised by formng said nozzle of each of said
channels in said cover. 38. Apparatus as clainmed in claim19, characterised

in that said body isq3 Or”ﬁ%&b@ﬁb%la%é’éﬁ\'(tlhwn%o}CiéﬁanéHa‘?éct&%\ébw
channel s, each channel conmuni cathj at opposite ends thereof with ducts
e

for suppl yarmlying.ipier Wdi)uﬁlﬂgmféa'ériﬂo S ﬁ%‘d egiiede megns toehannel facing
surfaces of said side walls of each module includmg the side wall surfaces of said
channel parts each of which faces the corresponding channel part of the respective
adjacent module to which butting is effected.

13.  The method claimed in Claim 12, characterised by applying a
layer of passivation material to said electrode means.

14.  The method claimed in Claim 12 or Claim 13, 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
conducﬁve material, and electrically connecting the electrode means of the channels to
said conductive material of the respective connection recesses.

15.  The method claimed in Claim 14, characterised by forming in each
module an array of bridges respectively connecting said array channels with said
corresponding 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.

16.  The method claimed in Claim 15, 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 -'_:depth of said recesses
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length thereof with a respective.nozzle. - 22 - 39. Appar at us as
claimed in claim38, characterised in that said nozzle of each of said
channels is formed in said cover. 40. A dr op-on-denand droplet printing
apparatus conprising a body formed with a high density array of parallel
printing liquid channels extending normal to an array direction; said
channel s defining channel -dividing side walls therebetween; said side walls
being transversely displaceable thereby to effect droplet ejection froma
nozzl e disposed internmediate the ends_ofzeach channel; each channel

communi cating with ducts for supply of printing

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 material on the bridges and said conductive material in the connection
recesses.

'47. The method claimed in Claim 3, characterised by forming said
modules with end surfaces each contained in a plane extending normal to the array
direction of said channels, butting said modules together to form said body, applying
said single nozzle plate to the assembled butted modules and so forming in said nozzie
plate respective nozzles for channels of the array such that droplets ejected from said
nozzles at a distance equal to the drop flight path thereof to a printing surface are
substantially uniformly spaced in the direction transverse to that of relative motion
between said apparatus and said surface. '

18.  The method claimed in Claim 17, characterised by forming said
nozzles in said nozzle plate by laser 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.  Adrop-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 respectively connected with said channels and pressure
pulse applying means provided with each chahnel_' and adapted to apply pressure pulses
to printing liquid in the associated channel to é_fféct droplet ejection therefrom,
characterised in that said body comprises a pIﬂ_lij\'éI__ity of like modules serially butted
together at facing end surfaces thereof disposed normal to said array direction, wherein
each module is formed in said facing end surfaces with respective channel parts so that
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liquid to portions of the channel on opposite sides of the nozzle. 41.
Appar at us -according to claim40, wherein said side walls are displaceable
in response to electrical actuation pulses. 42. Appar atus according to
claimd4l, wherein said walls conprise piezoelectric material. 43.

Appar atus according to claim42, wherein said piezo-electric materi al
deforns in shear node under the effect of said electrical actuation pul ses.
44, Appar atus according to claim43, wherein said piezo-electric materi al
is polarised in a direction normal to_bggh the length of said channels and
to said array direction. e*/X?2 C L M S

further channels are formed between respective parts of said butted modules thereby
affording in said body an array of like channels uniformly spaced in said array direction
and said nozzles have respectively paraliel axes 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.

20.  Apparatus as claimed in Claim 19, characterised in that said
nozzles are formed in a single nozzle plate which spans the channels of the serially
butted modules.

21.  Apparatus according to Claim 19 or Claim 20, wherein the
channels have side walls in the body separated by channel base walls in the body.

22.  Apparatus according to Claim 21, wherein the pressure pulse
applying means operates through displacement of said side walls.

23.  Apparatus according to Claim 21 or 22, wherein said channel
parts in the respective end surfaces of each module comprise a channel side walland
part of a channel base wall. '

24.  Apparatus as claimed in any one of Claims 19 to 23 and in which
said modules each consist of a sheet of piezo-electric material poled in a direction
normal thereto, said channels formed in said sheet defining channel dividing side walls
therebetween having electrode means on facing surfaces thereof and electrical pﬂlse
applying means are connected to said electrode means of each channel side wall for
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- 23 - 45, Appar atus according to claim40, wherein said body is forned
with an array of open topped channels closed by a cover, said nozzle of
each channel being formed in said cover. 46. Appar atus according to claim
40, wherein said array of channels and said ducts are fornmed in a sheet.

47. Apparatus according to claim46, wherein said ducts communicate with

- the base of each channel. 48. Appar atus according to claim40, wherein

; said nozzle is disposed at the mdpoint of the |length of said channel. 49.

. Apparatus according to claim40, whereingeach channel conmunicates at

- opposite ends thereof with said ducts.

effecting defiection in shear mode in the direction of the field a_pplied by said electrodes
of said channel side walls to enable droplet ejection from said channels.

25.  Apparatus as claimed in any one of Claims 19 to 24, characterised
in that the junction of each pair of butted modules extends in a place normal to said
array direction and containing the longitudinal axis of the further channel formed
between said pair of butted modules.

26.  Apparatus as claimed in Claim 24 or Claim 25, 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 affected.

27.  Apparatus as claimed in Claim 26, characterised in that a layer of
passivation material overlies said electrode means.

28.  Apparatus as claimed in Claim 26 or Claim 27, characterised in
that provided in each module is an array of connection mce?ges corresponding with and
respectively connected to the channels of the module, said Eé‘t:esses being coated with
conductive material, and being electrically connected to the electrode means of the
channels.
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50. A nmet hod of drop-on-denmand printing using a printhead having an array
of channels filled with printing liquid, conprising displacing a wall of a
sai d channel, thereby devel oping pressure in the I ength of- the channel

~which generates flows of printing, liquid in opposite directions towards a
- nozzl e disposed internedi ate the 1ength of the channel, thereby to eject a
_droplet of printing liquid through said nozzle. -.24 - 51. A net hod of

* drop-on-demand printing using a printhead having an array of channels
~filled with printing Iiquid, conprisingdgisplacing a-wall of a said channel
~to eject a droplet of printing liquid through a nozzle disposed
~internediate the |l ength of the channel, and repl enishing the channel by

. introducing printing liquid into the channel :

29. App.a_r_a_tus as claimed in Claim 28, characterised in that each
module is provided with an 'arréy of bridges respectively conhé_’cting said array channels
with said corresponding ¢pnnection recesses, said bridges béing coated with conductive
material to effect electrical connection between said eleétrode_'é'means of each of said
channels and said conductive material of the corresponding connection recess.

30.  Apparatus as claimed in Claim 29, chair‘__écterised in that said array
channels are disposed collinearly with the respective connection recesses and bridges
and said channels are of uniform depth, said recesses are of Qniform depth less than the
depth of said channels and said bridges are of uniform depth less than the depth of said
recesses. '

31.  Apparatus as claimed in Claim 19, characterised in that said
butted modules each have end surfaces contained in a plane ‘extending normal to the
array direction of said channels and said nozzles are so forrhéd that droplets ejected
therefrom at a distance équal 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. )

32.  Apparatus as claimed in any one of Clalms 19 to 31, characterised
in that ink supply duct means communicate with each of the E;'hannels of the array.
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from supply ducts respective portions of the channel on opposite sides of
the nozzle:

33.  Apparatus as claimed in Claim 32, chqtagterised in that the
channels of said modules are provided with a cover plate extending throughout the array
of channels and in which ;é_re formed said ink supply duct meghs.

34.  Apparatus as claimed in Claim 32, 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 pri_n'_ihead.

35.  Apparatus as claimed in Claim 34, characterised in that the
channels and the continuous duct are provided with a cover plate.

36. The method claimed in claim 1, characterised by forming said
body from a plurality of like modules having channels, each dhannel communicating at
opposite ends thereof with ducts for supply of printing quuid'_a_nd at the midpoint of the
length thereof with a respective nozzle. |

37. Th"e method claimed in claim 36, cha'rg_(f;jerised by forming said
nozzle of each of said channels in said cover.

38. Apparatus as claimed in claim 19, characterised in that said body is
formed from a plurality of' like modules having channels, ea&ﬁf"c’:hannel communicating at
opposite ends thereof with ducts for supply of printing llqund and at the midpoint of the
length thereof with a respectlve nozzie. :
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39.  Apparatus as claimed in claim 38, charécterised in that said
nozzle of each of said channels is formed in said cover.

40.  Adrop-on-demand droplet printing appf‘a_ratus comprising a body
formed with a high density array of parallel printing liquid charihels extending normal to
an array direction; said channels defining channel-dividing Slde walls therebetween;

said :Side walls being transversely disp_lgceable thereby to effect
droplet ejection from a nozzle disposed intermediate the ends of each channel;

each channel communicating with ducts for supply of printing
liquid to portions of the channel on opposite sides of the nozzie.

41.  Apparatus according to claim 40, wherein said side walls are
displaceable in response to electrical actuation pulses.

42.  Apparatus according to claim 41, wherein said walls comprise
piezo-electric material.

43. Appératus according to claim 42, whelf_éin said piezo-electric
material deforms in shear modé under the effect of said elec;ﬁr}cal actuation puises.

44.  Apparatus according to claim 43, wht_a__;ljein said piezo-electric
material is polarised in a direction normal to both the length of said channels and to said
array direction.
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45. A@p@ratu__s according to claim 40, wherein said body is formed with
an array of open topped igt:ﬁannels closed by a cover, said nozzle of each channel being
formed in said cover. -

46. Aﬁharatus according to claim 40, wherein said array of channels
and said ducts are fonnéd_-ih asheet.

47. App_a_ratus according to claim 46, wherein said ducts communicate
with the base of each channel.

48. Abp"aratus according to claim 40, wherein said nozzle is disposed
at the midpoint of the length of said channel.

49.  Apparatus according to claim 40, wherein each channel
communicates at oppos’__ite_énd_‘s thereof with said ducts.

50. A m‘_etho__d of drop-on-demand printing using a printhead having an
array of channels filled wuth printing liquid, comprising displacing a wall of a said
channel, thereby dev'e_!ép__i_ng p_f__?essure in the length of the channel which generates flows
of printing liquid in opﬁoéité directions towards a nozzle disposed intermediate the length
of the channel, thereby to eject a droplet of printing fiquid through said nozzle.
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51. A method of drop-on-demand printing using a printhead having an
array of channels filled with printing qudid, comprising displaéing a wall of a said channel
to eject a droplet of printing liquid through a nozzle disposed in_fennediate the length of
the channel, and replenishing the channel by introducing prihti'ng liquid into the channel
from supply ducts respective porﬁons of the channel on opposite sides of the nozzle.
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DROP-ON DEMAND PRINTING APPARATUS AND
METHOD OF MANUFACTURE THEREOF

Abstract

The invention describes a méthod of forming a
drop-on-demand printing apparatus having a body formed with a high
density array of parallel channels (13) extending.normal to the array
direction, nozzles (27) connected respectively with the channels,
printing liquid supply means with which sai& channels each communicate
and pressufe pulse applying'means provided with each channel to apply

pressure pulses to the channel liquid to effect droplet ejection, in
" which the body is formed by a plurality of like modules (2) serially
butted togethér st facing end surfaces (49,51) which are normal to the
array direction, the arrangement enabling ejection of droplets from the
channels so that said droplets are deposited on a printing surface at a
predetermined spacing transversely to the direction of relative movement
between the gpparatus and said surface. |

FIGURES la, 1b,lc and ‘1d
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