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Drop-on-Demand Printing Apparatus and 

Method of Manufacture Thereof. 

.1'Ut.21'JP-3 ri"..S 
PCT/GB91/00720 

Improvement of printing resolution in drop~on-demand 

array printheads implies the provision of arrays of increasing density 

and therefore thinner channel walls. Where shear mode actuated arrays 

formed from piezo-electric material such as are described in co-pending 

European patent applications 88300144.8 and 88300146.3, are employed, the 

manufacturing processes for making the channels, for the formation oil the 

channel side walls of electrodes, .for passivation coating of the 

electrodes, for the electrical cor..n.e.ction of t.11e ...... ,,.v oi"'r ----.1. ----· .. 
manufacturing composite yiel~s which d~minish as the size of the array 

increases. It is accordingly one object of this invention to enable 

reliable manufacture of drop-on-demand printheads having high density 

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 kind 

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. printing liquid supply me.ans 

with which said channels each communicate 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. by forming said body from a plural:i,ty of like 

modules serially butted together at facing end surf aces disposed normal 

to said array direction, and ·providing nozzles respectively connected 

with said channels, 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 apparatus and said surface. 

The :manufacture, of the array in small modules results 
.. ~ .··· 

in higher manufacturing success rate. 

Advantageously, . a ·single nozzle plate is applied to 

span said modules and said no2:zles are formed in said plate. 

Suitably, the'method of the invention is characterised 

br forming said nozzles by p~vid.ing.masking means comprising two 

SUBSTITUTE SHEET 



.... 

WO 91/17051 PCT/GB91/00720 

- ·2 

._;. 

matching masks of which a first mask is a no-z:zle forming mask and a 

second mask is 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 alignment mark.~(,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 irr the same relationship as said 

modules were aligned to the 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 includes 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 nozzle forming mask :bearing said array of holes 

and said module alignment marks matching the-module a1ignment marks on 

said first part and dividing said sheet into ·said first and second parts 

to form said two matching masks. 

In one form the method of the invention is 

characteris·ed by forming said ·nozzles ~ith :the axes at least of alternate 

nozzles coplanar and so inclined so that in operation of the apparatus 

droplets 8re 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. 

In another form the method includes forming said 

modules each with a sheet of piezo-electric:material poled in a direction 

normal thereto, said channels defining·cha.ru1~1 dividing side walls 

therebetween, applying_:electrode means ·to dhElIU1el facing -surfaces of said 

side walls and connecting to said electrocif:(;~eans of each channel side 

wall electrical pul~e Qpplying means for ~r'r~cting deflection in shear 

mode of said channel side walls to enable d~plet ejection from said 
.. 

channels, characterised by forming each modUle in opposite end surfaces 
---------------------·--- .. ---- -···-··----··-······------- ... 
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thereof with respective channel parts so that, upon butting together of 

said modules to ·form said body, further.channels are formed between 

respective pairs of butted modules thereby to provide in said sheet an 

array of like channels uniformly spaced in scP.d array direction and 

forming said nozzles communicating respectively 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 ~tending 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 ~iquid in the associated channel to efrect 

droplet ejection therefrom, characterisea 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 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 ·directi-on and· said ' 

nozzles have the£r axes parallel and communicating respectively with the 

channels of said body. 
The invention further consists in masking means for 

fo~g nozzles in communication respectively with channels of a high 

density array of channels in an elongate body formed.by a plurality of 

modules butted together in series, comprisi~g a module alignment mask and 

a nozzle forming mask in each of which are ~:provided matching module 

alignment marks and, i.D.: the nozzle forming ~ask, an array of holes 

corresponding to the:' location of the. nozzl~:~ · to be formed, whereby said 

module alignment mask is employed to positid~ 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 alignment marks 
---·· --···· ·-------· ···--·--· ... ----·····-··-·-··---·-·····-···----- -
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of said nozzle forming mask in the same rel~tionship as said modules were 

aligned to said'aifgnment marks of said mod.tile alipent mask so that 
,., . ·~ 

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

Preferably, said module ali~ent mask and said nozzle 

forming mask are.made from a single sheet wlji¢h is severed into said 

masks after forming said matching alignment and said array of holes 

thereon. 

The invention also consists in the method of 

manufacturing a plurality of like modules each having formed therein a 

high density array of parallel channels. characterised by providing a 

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

arrays of parallel channels on opposite sides of a part of· said sheet: of 

width in the array direction.greater than the channel width and removing 

said part of said sheet between said arrays. to separate said modules. 

Suitably, there is formed at ·each side of said part of 

said sheet between said arrays and adjoining.said part a further channel 

parallel with and of depth greater than the array channels and of half 

the 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 intersects each of the further 

channels. 

The invention will now be described, by way of example, 

wi·th reference to the accompanying drawings, in which: -

FIGURES 1_(a}, l{b} ,- 1{c) and 1(d) ·are respective 

sectional side.elevations of array, drop-on~demand printheads formed by 

the manufacturing methods of the present invention; 

FIGURE 2(a) is a sectional end elevation of a 

piezo-electric sheet of material illustrating a stage in the manufacture 

according to the invention of the printheaa.::::t,11ustrated in Figure l(c}; 

FIGURE 2{b} is a fragmentary'perspective view of a 

printhead module at a stae;e of manufacture fc~llowing that illustrated in 

Figure 2{a); 

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

modules and for the nozzle manufacture st~~'.~f the printhead; and, 

FIGURE 4(a) is a diagrammatic .. plan view illustrating 

the nozzle forming stage in the manufacture ·o.f the printhead; 
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FIGURE 4(b) is a view o~ the apparatus used in the 

nozzle manufacturing stage illustrated in Figure 4(a). 
The description which follows .relates to the 

manufacture of array, drop-on-demand printheads which comprise a sheet of 

piezo-electric material poled in a direction normal to the sheet and 

formed with an array of printing ink channels which extend normal to the 

array direction and define channel dividing side walls therebetween, 

nozzles respectively connected with sS.id channels, printing ink supply 

means with which said channels each communicate, electrode means applied 

to channel facing surf aces of said side walls and means for connecting 

said electrode means to electrical pulse applying means to effect 

deflection in shear mo<Je or said chBBllel side walls to cause droplet 

ejection from said channels, .said deflecj:ion of each side wall being in 

the direction of the field applied thereto when the electrode means 

thereof are subject to an electrical pulse from said pulse applying 
I 

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. 0 364 136), 
the contents of which are herein incorporated by reference. 

Notwithstanding that the following description of the 

embodiments of the invention is based on array 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 l(a} to 1(d), in which like 

parts are accorded the same reference numerals, 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 poled normal to said channels 

as indicated by arrows 9 and 11. As will be, appreciated from the 

description below of Figures 2 to 4, the array printheads of Figures 

l{a)-l{d) are formed from serially butted modules 2 of limited length in 

the array direction, that is to say the direction perpendicular to and in· 

the plane of the axes of channels 7. Many c~nsiderations influence the 

choice of module length to be employed, for example processing and 
-··-------- - --------------- - - ·-- --·--····----· ---·-· 
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assembly yields of the module sub-assembly, thermal expansion tolerances 

in the array direction, available PZT material sizes, available LSI drive 

chip number of terminations, etc. 

The channels 7 are cut in the sheet 3 by grinding using 

a dicing cutter of the kind described in co-pending 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. 0 364 136) 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 to which an electrical impulse .. can be applied to cause 

deflection of the corresponding side.wall in the direction of the field 

caused by the impulse. Such 4eflection i.!1 turn causes a pressure pulse 

to be applied to printing liquid in the charuiel. In operation of the 

arrangement of Figure l(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 from 

chemical attack. 

The channels 7 are provided with cover plates 21 in 

which are f"ormed printi.Iig ink supply ducts 23. which exten.d in the array 

direction and commilnicate with each channel 7. 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 conve~gent nozzles 

27 which communicate with the respective channels 7 of the modules. At 

the ends of the channels 7 remote from the nozzle plate are provided 

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 bridge 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 .'th~ connection rec~sses, the bridges and sides 
;;: 

and base of" the conn~ctd.on recesses are coated with metal to render them 

conducting in the re$pective stages that the facing surfaces of the 
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channel side wa.l_.i$ have the electrodes_ 19 ~pplied thereto. 

The connection recesses·29 a;~ connected by bonding to 

terminations 34 of an LSI multiplexer silicon chip. 

The rows of nozzles 27 are mu~ually staggered so that 

drops deposited therefrom on the printing sti't,strate 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 arrangement of Figµre l(a} has been 

described as having channel arrays in opposite faces of the sheet 3, the 

channel arrays coW..d instead be formed in separate sheets which, 

_subsequently, are· d.l:sPQsed back to back. 

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

alternative printhead laiout. This proyides·a tapered block member 41 on 

which the sheets 3 fo~ed with the respecti,y~ channel arrays are mounted. 
The membe~ 41 inst~ad 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' Figure l{a}_ two rows' of mutually staggered 

nozzles 27 are provided for the channels 7 of the respective arrays. 

'fhe design of the printhead ot Figure l(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 parallei~tween the sheets 3 and to which the sheets 3 are 

bonded so that the p~ts 28 define therebetween the printing ink supply 

duct 23. Again, the nozzle plate 25 spans the seriall~ butted modules 2' 

of' each array al"lCi :f,.s :fc:Jrmed with two rows Qf. mutually staggered nozzles 

21 which commun:icat~,'~;ith respective channels 7. 
'nle p~inthead illustrated in>Figure 1(d} comprises a 

single row of nozzles 27 in the nozzle plat.E;i'25 which communicate with 
the respective ink channels 7 of the sheet 3 of serially butted modules 2 

at the mid-point of .the length of the charuie.:J.s. The channels 7 are 

provided at each en.d:thereof with a connection recess 29 which connects 
with the channel~ ~'{:fu ·the arrangemen~s aifeady described, by way of a 

bridge 31. Theink<:feed to the channels 1'is provided by two ducts 33 
cut in a cover face, 3:5: of the sheet , 3 to a\~epth such that they 
communicate with OPB6s:i.te ends respectively·' of the channels 7 and a cover 
plate 37 is bonded to the face 35 of the mopules 2 to close the ducts 33. 
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Accordingly. ink\::t"s, delivered to each chann~i· 7 upon actuation thereof 

from opposite 4~~2tions and the arrangement :·in operation provides 

condensation fl_~:w from both ends of the charipel and permits operation at 

a lower voltag~·., 

:the manner of serially butting together the modules 2 
:·:;·· 

of the printhef:idis now ~escribed using the printhead section of Figure 

1(c) for illustr~tive.putpose~. The procedµre described involves the 

production and .:a:S~embly of modules which have .active channels formed on 

only one face ()f;:~ .a sheet 3 of piezo-electric .material. The principles of 

manufacture and~sembly:_of these butted modules can be applied to other 

printhead struftures·. for example, those dis.S-iosed in US-A-'~.584,490 and 

US-A-4, 296. 421J< 
~' .. 

'Figure· 2(~} illustrates 8: shefo?t 3 of piezo-electric 

material forme4·.~ith· two arrays of channels ?>of respective modules 2 and 

the channels of .~ach array being formed by side walls 13 having ~acing 
surfaces 17 and:bOttom surfaces 37. The channels are provided at 

corresponding'~cUs· thereof with respective connection recesses 29, there 

being a bridge\:31 '.·be"t~een each channel and ifs connection recess which on 
··. . . . 

bonding of the ~cover plate 21 forms a liquid seal. 

:\~E! m()duies 2 are.connected by a thick wall. 39 which 

is, as hereinat~.er described, later removed thus separating the modules. 

Outer surf'aces>41 :"or :the wall 39 are de.fined; by cuts "4 3 formed by a 

narrow dicing::btade · ~hiCh forms half-width channels 45 and 47. These are 

·cut deeper tharl',the ch~els 7 and have a uriiform depth. The narrow 

dicing· blade iii'·'cuttirtg ·the half width charuiels, dresses the. outer 

surfaces ~9 aria·.5i of :channels 45 and 47 and the oute; surfaces 41 of' the 

thick wall 39~ ::t#ie l~~te~ surfaces being iodated to enable plating down 
··.· '. 

the wall of t:he:t>tite'rtiio~~ channel of each module to the same extent as is 

desired for tii~\surr~h~~. 17 of channel wal.l~:-13. A similar wall 39 and a 

half width ch~~i is<iocated at the outer end of each module so that 

each module haS'.·''iike. end.s. 
·1 .. 

}After 'i:>~~ting of the surf ac~~··.~ 17. of the channels to 

form the elect~es <i"9(~d the hal.f channel~i;:in the manner described in 

co-pending Eurq~~::·r~~~nt Application· No. b:,'a930994o.8 {Publication No. O 

364 136) and S.p~l:i:~ilf:i.6.n to the deposited eikctrodes 19 of a passivation 
.-. ·.·' ·:.': :.: . :.:- .,:. : :. ·•·. :·:< 

layer. the sh~et 3 iii '~hlch the modules 2 a.bf formed is transferred 

robotically t~,, ~ ~et;:,Clnd {"jig where it is mounted in inverted position in 
·-··-~-· ·-·---·------ -- - -~ --
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which cuts 53 a.re formed which extend into the sheet 3 beyond the bottom 

of the half-channels 45 and 47. Til.e body of the sheet material between 

the cuts 53 is removed by the action of making the cuts 53 at low 

tolera;nce so that the modules 2 are separated.· Figure 2(b) illustrates 

in peI"spective one of ·the modules 2 after separation thereof. 

In the arrangement of Figure l(c) the ink supply ducts 

33 are formed in the sheet 3 and the electrode plating is conveniently 

done following the cutting of the channels 7 or at any time prior to 
' 

separating the modules. 

After the modules are separated they are robotically 

t.ransferred to an assembly jig where they are optically aligned end to 

end. 

When a.Ssembling a·printhe~d from modular components, 

tolerancing is of great importance. In· particular, it is desirable to 

locate 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 especially. important for 4-colour printheads to avoid 

Moire interactions. 

It is therefore necessary, first 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 tol~rances, and, thirdly when the nozzle mask ~rough 

which, in the manner described in co-pending European Patent Application 

No. 88308513.6 (Publ'ication No. 0 309 146), the nozzles are ablated in ' 

the npzzle plate 27 which is applied to the full width of the pr:j.nthead, 

the nozzles across the entire printhead must respectively fall wholly or 

substantially within :t:he channels. 

The mUl.ti~disc cutter and the ~utter for making the 

half-width channels ~-,'able to achieve the ~anufactur:i-ng channel 

tolerances in the modules in the sheet 3 if necessary employing 

temperature control J'~~ ,modules up to a maxiJiium width. The second and 

third steps are achi~~~d-: by making the nozzle ablation mask and a module 
... '... . 

alignment mask eith~~.",~ep:arately with matchixig module _alignment marks or 

together from a sing~,ej_.sh'eet which is divideQ.· to separate the nozzle 

ablation mask portiorl ·r:ro~ the module alignni~nt mask portion and ensure 

by reason of matchi~~- 'mbdule alignment marks in the masks that a 
-------- -- -- --·-- ---- .. -·-- - - . -- -- - -
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printhead which: is· assembled with the alignment mask has nozzles formed 

in its nozzle OpJ,ate with the matching ~blation mask which communicate 

respecti~ely ~ith the printhead channels. 

Accordingly a mask 61, illustrated in Figure 3, is 

provided which<_is _made of silicon and from which the alignment and nozzle 

ablation masks:are produced. Silicon is a suitable material for making a 
. . . 

full width pr~thead nozzle ablation mask because it has a high ablation 

threshold, su:l,fable for an excimer laser contact ablation mask, a low 

thermal expansion coefficient and because precision silicon etching is 

widely practic.ed. 

::The area of the mask 61 is accordingly divided by 

separation .line· 63 etched thereon ~to two parts 65 and 67. In part: 65 
are etched two::p_airs ·69, 71 of rows 7~ _and 75 of coplanar, alternate 

holes. In each pair 69 and· 71 the -holes- ~n the rows 73 and 75 are offset 

by a spacing of half tlle print resolution and are of a size suitable for 

ablating nozzlf!S ·in the manner described i:n co-pending European Patent 

Application No1 · 88308513.6_ (Publication No. 0 309 146). Etched in the 

mask 61 adjac~t the nozzles holes at locations representing the centre 

lines of·the modul~s are pairs of marks 77 which straddle the separation 

line 63 so th8.t aft~r separation of the mask along the line 63, each part 

thereof is Pro.:Vided with module registration marks 77. Thus the part 67 

of the mask is>used' to align the modules during bondillg thereof whilst 

the part 65 i~:·usecito ablate the nozzles. 
···:· 

o:,·_To 8$.semble the printhead the alignment mask 61 is 

first .placed at sui·table ·station of a "pick and place" robot adjacent a ~ 

full width cover pliite25. The alignment of the.mask and cover plate is 
. '': . :·: 

not critical ~d_;C~:'be achieved to the requisite extent by pressing each 

longitudinall:y aga'.ihst an end stop. The modules are subject in the "pick 
....... ¥:' 

and place" machine .;t:()' ·a sequence of steps which includes: 

(a) picking· u~: -~ach: ~Odule 2 from the sheet 3 from which it has been 

separated; 

(b) connectfuk. an l~I cliip terminations to the connection recesses of the 

modules. 
. - .. 

,· .. 
· .. -.:,·· 

(c) testing the 'i.rit~grity of the electrical· connections and the activity 

of the chann~f sid~.\~li.J.1s, 
{d} applying b9n<fi~~.-~~lue 'to the ~nd walls of the modules and the faces 

thereof to 'be;:se~u~d to the cover plate. 
::;;;._. .... ----------------- ---

. ·: .>-·· 
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{e) placing the modules in alignment on the ptinthead . 
. -.··. :··.:·· 

Alignment is carried out.emp~?iing a vision camera 

which images both the module and the aligru11.erit marks on part 67 of the 

mask 61 in optically superimposed images. ~~·· centre of the module is 

ascertained by computer and the module is then moved to the cover plate 

so that the centre of the module as seen by the camera is in alignment 

with the requisite alignm·ent 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 ·wit:A glue bond material. · The glue bonds between the 

modules and between the modules and the cover plate are cured by an 

UltraViolet (UV} curing or heat curing_energ:i pulses. 

Another camera.may be employed· to inspect the bond 

lines for 100 per cen~ integrity thereof. 

Although the method described of module alignment calls 

for the employment of a module alignment ma5k to effect correspondence 

between alignment marks on centres of the modules and the mask, an 

alternative indirect procedure can be adopted in which the alignm<'!nt mask 

is used to create marks on a substrate, 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 through use of-the alignment ~ask. 

It will be noted that in the case of the embodiments of 

Figures l(a) and (c} the conwon ink supply means for:- .the channels of the 

assembled printhead are located in the cover: plate of the channels - ·· 

whereas in the embodi.iiient or Figure l(d) th¢·.common ink supply means are 

formed by first butting together of the moq#les and then mounting the 

butted modules on the',:cover plate. In Figtlre, l(b), however, the common 

ink supply is provide4 in the mounting block .. dn which the modules and 
···::;." 

their cover plate 21 are:carried. ·.: .... 

In the :nozzle ablation procel; ... s(the printhead is 

conveyed into an ablation station where it';i,~:placed adjacent the nozzle 

ablation mask which wEi.S formed in the ali~#t mask part 65, part 67 of 

which was used for a,s'ijembly of the modules'.~,{-:;;Alignment of the mask part 

65 with the printheacf;is :. again checked wi tl'f/~, :vision camera. The silicon 

mask part 65, the nozzle plate 25 and PZT ~h~et 3 are partly transmissive 

to infra-red light So: an image of the channels on the nozzle mask part 
.. -:.:· 
. , . ..,_· .. 
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can be obtained and nozzle placement in the channels verified. The 

nozzles are then '~~gressively ablated ~-imtit~fuieously along the full 

length of the printhead. Consequently the precaution of making and 

assembling parts by the above jigging procedure indicates that tolerances 

of :t 3µ in nozzle placement can be met even though 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 separ.ated 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 Diirror. 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 a;-e 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 array direction 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 ch~el walls of the module. The wall thickness at the 

junction of e.ach pair of modules thus exceeds that of the other channel 

walls of the modules. Accordingly, the nozzles 27 in the plate 25 are 

formed as described in relation to Figures 4(:a) and 4{b) so that the 

nozzles of the modules are fanned progressive outwards from the centre of 

the modules. 
- - --- --- - ------ -------- --- ---
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Claims 
· .. :.: 

1. The method of manufactur~' 6r a drop-on-demand 

droplet printin~ apparatus of the kind comp~:ising a body formed with a 

high density array of parallel printing liqJ~d channels extending normal 

to the array qirection, nozzles respectively;<connected with said 

channels, prfi?.ting liquid supply means with which said channels each 

communicate an~.,,: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 therefrc:i~~:,characterised by forming 

.said body from ·a plurality of like modules s·erially butted together at 
' . . 

facing end surfa¢~s disposed normal-:to said' ~ray direction, the . , .... 

arrangement en@ling ejection of droplets rrrim 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 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 cia.:µa 2, characterised by 

forming said nozzles by providing masking means comprising two matching 

masks of which a first mask is a nozzle foruµng mask and a second mask is 

a module ali~~Ilt ia~k. said nozzle forming:·lilask being formed with an 

array of hole~ cO"rrespon~g to the locatio~~ ~f n~zzles to be formed and 

with module 9..li~ent marks and said module_alignment· mask being formed- J 

with module ali~ent marks matching the modii,le alignment marks of the 

nozzle forming "mask., employing said module aiignment mask to position 
·. .·' ... , .. 

said modules in: serially butting end to end f~lationship at locations 

predetermined b~. th~ alignment marks of said'."illodule alignment mask, 

assembling said-modtiJ:es together to form saj,¥body, bonding said nozzle 

plate to said bOdy. ·employing said nozzle rbi;IJling mask to align said 

modules of said "body to the module alignment ':;arks on said nozzle forming 

mask in the s~·rel~tionship as said modul~s were aligned to the module 

alignment marks of. the module alignment ma5k(!~d employing said nozzle 

forming mask wi~said modules so aligned tli;i-ewith to form nozzles 

respectively o~ni.ng into the channels of' said modules . 
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'4 '~ The method claimed claimed in Claim 3 , 

characterised by:\foriuing said masking m~an~<ffum a piece of sheet 

material having,~ first part constituting stti:ci module alignment mask 
. ., .. ' 

bearing module, alignment marks and a second Part constituting said nozzle 
;.-.·· 

forming mask. bearing said array of holes and, 'Said module. alignment marks 

matching the mOC}ule alignment 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 Clci.:i.n;i 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 Cl~m·5. characterised by 

f'orming said masking means t•rom silicon and f"or.ming said holes therein 

and said alignment marks the~n by etchi_p.g. 

7. 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. 

8. The method claimed in Claim: 7, characterised by 

forming said nozzles with a slightly convergent, high energy beam 

directed towards the nozzle plate and by way ()f a mask formed with 

apertures corresponding to the nozzles to be form~d • 
. ·' 

9. 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 dividin~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 de.flection in shear mode of said. channel side walls to 

enable droplet· ejection from said channels, · .. ·d,ia.racterised by forming each 
·:··:.-: 

module in opposite end surfac::es thereof with,-!"Fespective channel parts so 

that. upon butting together •Of' said modul~~·\*~' form said body, further 

channels are. ·rormed.:between •'fespective p~~~:·'6t butted modules thereby to 

provide in said sheet an arr~ of like cJiarlh~i..S uniformly spaced in said 

array direction and forming'said nozzles c611U11ilnicating respectively with 

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

- -· - ·---- ----- --- - - --~-------
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characterised tj~ _forming said chann~l part-~ so that the jW'l.ction of each 

pair of butted Gfi:i:ddules extends in a planJ->ri~rmal to said array direction 

and containing the longitudinal axis of t~i{rurther channel formed 

between said pair of butted modules. 

11. The method claimed in Claim 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 w·all surf aces 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 Cl~m 11, characterised by 

applying a layer or passivation material to said electrode means. 

13. The method claimed i_p 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 correspond1ng connection recess. 

15. The method claimed in Claim 14, characterised by 

forming s·aid arr~ channels collinearly with the respective connection 

recesses and bridg_es and with said channels of uniform depth, said 

recesses of uniform depth less than the dep-th of said channels and said 

bridges of uniform depth less than the depth 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 material on the bridges and said 

conductive material in the connection recesses. 

16. The method claimed in C18.im 15, characterised by 

forming said body from said modules with a'.t;least 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 
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droplets from the channels corresponding to· said outwardly fanned nozzles 

to be depositecf~:&fi. said printing surfa~e !t·..-tiniform spacing. 
:;; 

17. The method claimed in Cl~x~ 2. characterised by 

forming said modules with: end surfaces each, contained in a plane 

extending normal to the array direction of s~d channels, butting said 

modules together to form said body, applying said single nozzle plate to 

the assembled butted modules and so forming in said nozzle plate 

respective nozzles for channels of the array such that droplets ejected 

from said nozzles at a distance equal to th~·· drop flight path thereof to 

a printing surface are substantially uniform~Y spaced in the direction 

.transverse to that of relative motion betweer,i said apparatus and said 

surface. 

18. The methoq. claimed in Claim 17, characterised by 

forming said nozzles in said nozzle plate by :1aser ablation using a 

convergent excimer laser beam thereby to form nozzles having axes 

progressively increasingly inclined from the nozzles at the centre o-f' 

each module to the 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 amf 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 coJlprises a plurality of like ~ 

modules serially butted together at facing end surfaces thereof disposed 

normal to said array direction and said nozzi~s are disposed to enable 

ejection of· droplets to be Q.eposited on a P~:inting surface at a 

predetermined spacing transversely to the di~ection of relative movement 

betwe~n the apparatus and said surface. 
: "'·:. 

20. Apparatus as claimed in Cltim 19, characterised in 
.'·:,···:. 

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

channels of the serially butted modules. 

21. Apparatus as claimed . in c:J:EU.m · 19 or Claim 20 and in 

which said modules each consist o-f' a she~t ~F·:piezo-electric material 

poled in a direction normal thereto, said ch~~ls formed in said sheet 

defining channel dividing side walls therebet~een having electrode means 
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on racing surf aces thereof and electrical pulS,e applying means are 

connected to sai_~ff~±ectrode means of each dh~el side wall for effecting 

deflection in shear mode in the direction o.£".the field applied by said 

electrodes of said channel side walls to enable droplet ejection from 

said channels, ·characterised in that each mbdule in said facing end 

surfaces is formed with respective channel parts so that further channels 

are formed between respective pairs of said butted modules thereby 

affording in said body an array of like channels 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 Claim 21, characterised in 

that the junction of each pair of but.tad 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 surf aces 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 module is an array of connection 

rec~sses corresponding with and respectivel~ connected to the channels o~ 

the module, said recesses being coated with conductive material, and 

being electrically 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 corresponding connection 

recesses, said bridges being coated with comiuctive material to effect 

electrical connection between said electrode means of each of said 

channels and said conductive material of the· corresponding connection 

recess. 

27. Apparatus as claimed in ClS.im 26, characterised in 

that said array channels are disposed collinearly with the respective 

connection recesses and bridges and said channels are of uniform depth. 
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said recesses are of uniform depth less than the depth of said channels 
and said bridg~ij'. ere of uniform dep~h ie~§ •·'~an the depth of said 
recesses. 

28. 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 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 progres~ive+y .~ncreasingl~ inelined from the nozzles·at the 
cent~e-of.each m£?<iule to·the nozzles at opposite ends 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 communica.te 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 1 

the modules foI'll!ing a continuous duct when the modules are butted to form 
the body of the printhead. 

33. Apparatus as claimed in Claim 32, characterised in 
that the channels and the continuous duct are pro~ided 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 plur~ity of modules butted together in.series, 
comprising a module alignment ~ask and a nozzle forming mask in each of 
which are provided 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 s.aid module alignment mask is employed to 
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position the mod'liles of the body in accordance with the module alignment 

marks and said_-~6~.zle forming mask is ~mpl~Y~d to locate said body 

relatively to· t"iie module alignment marks of '.'~8.id nozzle forming mask in 

the same relat·:lJ~ship as said modules were ~.£'igned to said alignment 

marks of said .:~~ule alignment mask so that ~aid. holes in said nozzle 

forming mask can' .be Used to form said nozzle~'. 

· 35. Masking means as claimed .. in Ciaim 34, characterised 

in that said module alignment mask and said.rib~~le forming mask are made 

from a single sheet which is severed into said masks after forming said 

matching ali~ent marks and said array of holes thereon. 

36~· Masking means as claimed in Claim 34 or 35, 

characterised in ':that said module a.J,~grunent mt:LSk is employed to create 

marks on a substrate and said·modules are aligned on the substrate in --
relation to said·iitarks. 

····.·:. 

37. The method of manufacturing a plurality of like 

modules each having formed therein a high density array of parallel 
....... 

channels, char~~_terised by providing a sheet .of material, cutting in a 

s:urface of said:J:;,heet ·at least two like arrays of parallel channels on 

opposite sides'of'a part of said sheet of wid!::h in the array direction 

greater than the.'channel width and removing said part of said sheet 

between said !µ'rays to separate said modules. 

a~i ·The method claimed in ClB;im 37, characterised· by 

forming at ea.ch_~ide of said part of said sheet between said arrays and 

adjoining said-·p;µ.t a further channel parallel with and of depth greater 

than the arr~ channels and of half the width of the array channels in 
. . 

the array direct.iqn -~cl separating said modtµes by removing from the side 

of a sheet remd:t:~: f~~-:the ~rays a portion of width in the array 
. . 

direction great~i;:,. than. the part of the sheet 'between the arrays and which 

intersects eacb:\?f. ,tJ;lf:!. further channels. 

··----··--···--- -··------- ·-·-···-·-----------···---. 
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