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Eur opear—Pat ent No. 0, 278,590, there Is disclosed nulti-channel array
dropl et deposition apparatus, .. suitably, for use_as drop-on-demand i nk jet
P P PP gyﬁti-Channe Array Droplet Depositggh Apparatus, J

printheads and of the fo

This invention relates to multi-channel array droplet deposition
apparatus and to a method of manufacture thereof.

In European Patent No. 0,277,703 and European Patent No. 0,278,590,
there is disclosed multi-channel array droplet deposi;ion apparatus,
suitably, for use as drop-on-demand ink jet printheads and of the form
comprising an array of parallel channels mutually spaced transversely to
the channels in the array direction. These printheads employ piezoelectric'
actuators forming at least part of the‘éhannel separating side walls as the
means for effecting droplet expﬁlsion from:;ozzles communicating
respectively with the channels. One preferred method of making such a-
printhead comprises providing a base sheet having a layer of piezoelectric
material poled normal thereto, forming a multiplicity of parallel groovés
in the layer of piezoelectric material so that the material affords channel
separatihg walls between adjacent grooves, the ink channels thus being
provided by the grooves, forming electrodes on the channel facing surfaces
of the walls so that the actuating electric fields are applied normal to
the direction of poling in the array direction to produce deflection of the
walls in the direction of the applied fields, connecting electrical drive
circuits to the electrodes, bonding a ﬁop sheet to the walls to close the
ink channels, providing nozzles for the réspective channels and further
providing ink supply means communicating with the channels.

In one design, the channels separating walls comprise piezoelectric,
so-called, "chevron" actuators in which upper and loﬁér parts of the walls
are oppositely_pbled so aé to deflect into chevron form transversely to the
corresponding channels. One method of forming the base sheet from which

the channels and chan _are formed consists of
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corrprl sing an array of parallel channels nutually spaced transversely to "

t he channfwé dr%? ,H}gt array direction. These printheads enpl oy pb%&%ﬂzy@%
. S e

act uat.or s | east part of the channel separating side

‘means §0r effectl ng dropl et expul sion from T&zZl es communi cat i ng
respectively with the channels. One preferred nethod of nmaking such a
printhead conprises providing a base sheet havi ng a Iayer of piezoelectric
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walls in the h%'.rgﬁdggﬂof’é (%D&&%Qkaﬁ%f.' §! 4k, 156)\N€6h i9tg BARGL Agili cdEioFeNo.
PCT/GB91/00720 there is disclosed an array of parallel ink channels formed
from a number of like modules each having a multiplicity of parallel ink
channels, the modules being serially butted together. In a preferred form
pairs of the butted modules form an ink channel at the butting location.
It is a general object of the preéént invention to provide a
multi-channel array, droplet-deﬁosition ap;;ratus of improved construction
and an improved method of manufacturing said apparatus. Another object is
to enable the provision of a multi-channel array droplet deposition
apparatus which can operate at lower voltage for a given compliance of tﬁe
channel wall actuators.
It ié a further object of one form of the present invention to provide
a multi-channel array, droplet deposition apparatus and a method of
manufacture.thereof in which the integrity of the chip connections to the
tracks which connect with the channel electrodes is not threatened by
_ thermal cycling of the printhead.
The present invention consiéts in a method of manufacturing a
multi-channel array dropiet deposition apparatus which comprises providing
a base sheet having a layer of piezoelectric material poled normal to said
sheet, forming an array of parallel, open-topped droplet liquid channels in
said base sheet layer so that. the piezoelectric material provides
upstanding walls separating successive channels, forming electrddes on

channel facing surfaces of the walls, bonding a channel closure sheet to

the walls, providing nozzles respectively communicating with the channels
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cinoukté'io the el ectrodes, bonding a top sheet to the walls to close the

i nk chann
provi di ng

di ng nozzles for the respective channels anqpé+%¢#5§%8085

o .
m@’r&g‘ﬁ% means communi cating with the channels.

desi gn,*<+he channel s separating walls conpri-s8 pi ezoel ectric, so-called,
"chevron" actuators in which upper and |lower parts of the walls are
oppositely poled so as to deflect into chevron formtransversely to the
correspondi ng channel s, One nethod of formng the base sheet from which

t he channel s &Ré ROPHAREIS FEPRE ACF ePPREFFing aUBRWRCS of drpplefedigniditet shef

channels, characterised by forming said channel closure sheet with an array
of parallel conductive tracks spaced at intervals corresponding with the
channel spacing, locating the channels in position parallel with and
opposite said tracks, and sealing the closure sheet to the channel wells by
forming bonds which mechanically and electrically connect each track to the
electrodes on the channel facing sides of the walls of the channel opposite
thereto. Preferabiy. the method includes connecting drive current circuits

to the tracks prior to forming said bonds to comnect each of the tracks to
the electrodes on the channel facing sides of the walls of the channel
opposite thereto. Advantageously, the method includes forming said bonds
as solder bonds. Preferably, the method includes depositing solder on
either or both the tracks and the electrodes, locating the channels |
opposite the tracks and simultaneously forming the bonds to connect the
tracks each to the electrodes of the channel facing surfaces of the walls
of the channel opposite thergto. Also the method preferably includes
heating at least the solder thereby to cause the solder to wet the tracks
and the adjoining electrodes thereby to form a meniscus bridging the tracks
and adjoining electrodes and cooling the solder to form said bonds.

Advantageocusly, the method'also includes forming said tracks on said
channel closure sheet of width approaching that of the spacing of the
electrodes on the channel facing walls.

The invention further consists in a multi-channel array droplet
deposition apparatus comprising a base sheet having a layer of
piezoelectric material poled normal thereto, an array of parallel, open
topped, droplet liquid channels in said base sheet layer provided by

upstanding channel separating walls formed in said layer, electrodes
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-2- , using a five layer |lam nate as disclosed in PCT application No. ‘
PCT/ &B91/ 0 n alternative design, there are enpl oyed, z l.ed. .
"cantit eveﬁ'c')oqu/tzégpgrs whi ch are di sclosed in European Patent 283???3?&5985
No. 89809940.8 (Publication No. 0,364,136). I A PCT Patent Application No.

PCT/ GB91/ 00720 there is disclosed an array of parallel ink channels forned
froma nunber of |ike nodules each having a multiplicity of parallel ink

channel's, the nodul es being serially butted together. In a preferred form
pairs of the RPovédedroBchasnel fRCARE syl aeaeAE| thet vaHs hat Fangel FleFrth sheet

It is a general qgbject of the present invention to provide a | ti-channe
ﬁ% é% the channels

array, dropl ettoBEpdLE0t RS wahHSr SPEELSS TERRACHY BN SRETCR I “2

and means for supplying droplet liquid to the channels, characterised in
that said channel closure sheet has an array of parallel conductive tracks
thereon spaced at intervals corresponding with the channel spacing and
disposed parallel with and opposite the channels and bonds mechanically and
electrically connect each track to the electrodes on the channel facing
walls of the channel opposite thereto and seal the closure sheet to the

channels. Suitably, electric drive curreg; circuits are connected
respectively to the tracks,- A&vantageousl;. the tracks on the channel
closure sheet are of width approaching that of the spacing between the’
electrodes on the channel facing walls., Preferably, the bonds connecting
the tracks to the electrodes are solder bonds. Advantageously, the solidus
of the solder of the bonds is selected, having regard to the values of the
thermal expansion coefficients, to limit the relative thermal strains of
the channel closure sheet and said.piezoelectric material. The solder can
be an alloy of lead and/or tin and/or indium. One alloy which may be
employed comprises lead and tin. In a preferred form the solder is a
eutectic alloy including lead and tin. In a furthef form the solder alloy
includes silver. |

Suitably, the channel closure sheet comprises a glass or ceramic
having a relatively high elastic modulus compared with that of
piezoelectric ceramic and an expansion coefficient matched to that of <110
silicon. A preferred material for the channel closure sheet is
borosilicate glass. This type of closure sheet may have deposited thereon

a layer of crystalline silicon extending the width of the sheet in the

channel array direction said layer of silicon having formed therein a
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and_am irrbroved met hod of manufacturing said apparatus. Another object is

to enable Wgﬁh%iél on of a nmulti-channel array droplet depom%%%%y?ms

appar at us can operate at |ower voltage for a given conpli
channel wal | actuators. It is a further 5obj ect of one formof the

present invention to provide a nulti-channel array, droplet deposition
apparatus and a nethod of manufacture thereof in which the integrity of
the chip connections to the tracks which connect with the channel .

el ectrodes i s MOFRIFFESI EHEE By CUEhdlataPe ARPMENDPUERY SRFMERES LT which the
The present inventiogn consists in a rre%hod f manufacturing a

Tl L] - channel PPy CAFBHTAE S GeTReTRtarD Pe GPNRELYE CERMM SBstH5 ShrmSHy
a base sheet hilvi n | ayer of piezoelectric material poled normal to said
sheet, form n§ 3?1“‘% glé?/ea%f paral | el , open-topped droplet liquid channels in

The invention will now be described by.way of example by reference to
the accompanying diagrams of which:

FIGURE 1 shows a longitudinai section of a droplet deposition
apparatus in the form of a drop-on-demand ink jet printhead constructed in
accordance with the invention;

FIGURE 2 shows a section in the a;ray direction on the line X-X of
Figure 1 of one form of the-printhead; and.

FIGURE 3 shows a section in the array direction on the line X-X of
Figure 1 of another form of the printhead.

In the drawings like parts are referred to by the same reference
numerals.

| Figﬁres 1 to 3 illustrate forms of ink jet array printhead which are
assembled according to the principles of the invention. The printheads are
of the drop-on-demand type incorporating channel dividing wall actuators.
These actuators are formed in a sheet of piezoelectric ceramic poled in a
direction perpendicular to the sheet and operated in shear mode so that the
actuators deflect in the direction of the electric field applied thereto.

The drawings illustrate a printhead 10 in which an array of ink
channels 11(a)....11{(h), separated by channel separating wall actuators
13(a)...13(g) formed in a sheet of piezoelectric ceramic 12, are bonded to
a substrate or channel closure sheet 14. Tﬂe substrate has parallel
conductive tracks 16 formed thereon at the same pitch interval as the ink

channels. The tracks 16 are connected to drive chip 27 and conduct
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sai d pase sheet layer so that. the piezoelectric material provides

upst andi ng_wal | s separating successive channels, form ng el ectraod

on
channel fa pn?}/%%ﬂzpaces of the walls. bonding a channel cl osurBQZ€§?2/Pb°85

the waFls. providing nozzles respectively confimicating with the

REPLACEMENT SHEET _ - 3-
provi di ng neans for connecting a source of droplet liquid to the

channel s
and

electric drive signals directed from the chip to the actuators, generally

as described in European Patent No. 0,277,703 and European Patent

0,278,590, which introduced this class of drop-on-demand printhead and the

contents of which are herein incorporated by reference. Some aspects of

the construction are further disclosed in PCT Patent Application No.

PCT/GB91/00720 the contents of which are also incorporated herein by

reference. The drive chip 27 is also connected to tracks 18 at one end of

the closure sheet 1% on which are provided input clock, power waveform and

print data signals.

The ink channels of the printhead are terminated at corresponding ends

thereof by nozzles 22 formed in nozzle plate 20 which is attached to the

piezoelectric ceramic sheet 12 and the channel closure sheet 14 remote from

the chip 27.

A manifold 21 is attached at the end of the channels adjacent the

drive chip 27 to hold ink and deliver it into the printhead channels via

the transverse duct 26.

The construction and operation of typical forms of printhead in

accordance with the invention are disclosed in more detail with reference

to Figures 2 and 3, which show alternative designs in enlargements.on

section X-X of Figure 1. Figure'z illustrates a printhead which

incorporates a cantilever actuator as described in European Patent

Application No. 89309940.8 (Publication No. 0,364,136) the contents of

which are incorporated herein by reference and in which the piezocelectric

ceramic is polarised perpendicular to the piezoelectric sheet in a single

orientation and in which the electrodes 23 on the wall actuators extend

about half the extent of the wall height: and Figure 3 illustrates a

chevron actuator made from a piezoelectric laminate as disclosed in PCI
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channel s, characterised by form ng said channel closure sheet with an array

of paral | elys99@Ugdgd ve tracks spaced at intervals correspondi ngﬂﬁ}@;ﬂ}gmgs
channel spacing, locating the channels in po§L}Lpn parallel with an
opposi te—sai d tracks, and sealing the closure ‘sheet to the channel walls by
form ng bonds which nechanically and electrically connect each track to the
el ectrodes on the channel facing sides of the walls of the channel opposite

(herelo, Pl oW bbahadIchdes SOREADD oF Ll Sl FhE LS

to the tracks o formng o connect eacC

the el ectrodes,Qp;f A EQf‘éFéﬁl:eréﬁ B Sdh‘iéﬁoﬁrle te'.ﬂﬁ:ﬁ&%éla? Oélff ekb&n L Qg&&?&ésheignc

opposite thereto. Advantageously, e net I NC mng sa

as sol der bondg. ¢FX 6/a8H 3kl thatdPe JBENQG el RGIdEdCSs AGRO0S IdsB e lpg?t%d Yirts in the

either or both the tracks and the electrodes, |ocating the channels

opposite the tppekamndodrHhiAReaSine LoI1d NAsba DN SobRe£ QRNELS the
piezoelectric ceramiq sheets poled ?n the thickness direction therecof. The
‘direction of poling is given by arrow 17 in Figure 2 and by arrows 19 in
Figure 3.

An essential feature of the construction, which is illustrated in
Figures 2 and 3, is that the tracks 16 which each extend substantially the
distance between, as the case ﬁay be, the-;lectrodes 23 or 25 are coated
with a film of solder 24. The electrodes on the actuator walls may also be
coated with a thin layer of solder. This layer assists the solder when
heated sbove its liquidus to wet the electrodes. The channel array is |
mounted so that the ink channels are located parallel with and respectively
Opposité the soldered tracks and the actuator walls occupy the spaces which
separate the tracks. When the solder is heated it melts and flows forming
a meniscus 28 of solder, which connects electrically and mechanically the
electrodes on the walls on both sides of each channel to the tracks on the
substrate or closure sheet 14 at the same time sealing the ink channel
walls to the substrate 14 in ink tight manner.

The solidus of the solder of the bonds is selected having regard to
the values of the thermal expansion coefficients to limit the relative
thermal strains of the closure sheet and the piezoelectric material and can
be an alloy of lead and/or tin and/or indium. One suitable alloy comprises
lead and tin and is preferably a eutectic alloy thereof. A further

suitable form of solder alloy includes silver.



tracks each to the electrodes of the channel facing surfaces of the wal I's

of the cha
heating at

I ite thereto. Also the nethod preferably in
Q’P@éé&%ﬁ% sol der thereby to cause the solder to wet Cé(ﬁ%gﬁéwgss

and thé—adj oining el ectrodes thereby to form & meniscus bridging the tracks
and adj oi ning el ectrodes and cooling the solder to form said bonds.

Advant ageously, the nethod al so includes formng said tracks on said

channel cl osure sheet of w dth approaching that of the spacing of the

el ectrodés on the Bitaadeioteges iy Hhls sonstructiqmarpnthat ibrproyidee inprovenents
consists in a multi-chanpel array droplet degosi tion apparatus conprising

a base sheet PPN gapafpstupy angi eenforwanqs @
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thereto, an arrgg of parallel, open topped, droplet liquid channels in

sai d base sheét

S dPe RIHRRE 5§Stupst andi ng channel separating wal | s

formed in said |layer, electrod .
)Q% hanué%c%ure(%iis construction is conveniently simplified because it

combines an electronic substrate component and a printhead component that
can be fabricated and tested separately. When both work satisfactorily in
test, then the assembly of working components is made by a solder bond:
this is a rapid step capable of automation and high yield in manufacture.

Further the assembly can be tested. Since the chip can in one design be

part of the substrate component, a reducti;n of the component count may
then be obtained.

One fault that has been observed to occur on a printhead component is
that the continuity of the plating on & small number of electrode walls.is
sometimes interrupted by a crack or by local shading of the electrodes and
the traék during the plating process possibly by dust. Because, if Applied
to the electrodes, the solder, since it wets both the electrodes associated
with the track, will bridge this sort of defect, the present construction
is seen to be self repairing with respect to this fault condition. In
previous designs the chips were assembled to the completed printhead. As a
consequence a faulty connection or a faulty chip reduced the assembly
yield. The application of the channel closure sheet by glue bonding also
took time for the glue bond to cure and frequently proved to be variable in
quality. The yield of the cover bonding process thus was deleterious to
the overall assembly yield. Broken plating, which is difficult to find by
inspection, was also a cause of faulty production. Printhead assembly

employing a solder connection process as described avoids these defects and

—

has consequently improved yield. i
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- 4- . provided on channel facing surfaces of the walls, a channel closure

sheet e wal | s, nozzl es respectively conmuni cati ng
channel s wﬁ%ﬁ@“ns for suppl yi ng dropl et gl d to the channe‘a&i,r}(J“?BH}81085

characteplsed in that said channel closure €et has an array of parall el
conductive tracks thereon spaced at intervals corresponding wth the
channel spacing and

where the printhead comprises an array of like modules it will be
preferred that the substrate channel closure sheet will generally be made
in one piece the full width of the array. The piezoelectric components,
however, are formed of a width appropriate to the supply of piezoelectric
material (PZT) wafers and the yigld of the channel forming and plating
processes. It will be evident that the number of tracks operated by each
chip on the substrate closure sheet and the width of the piezoelecfric
components assembled to it can now be made independently without any width
correspondence between the chips and tﬂe active components at the butted
joins, as was a feature of PCT éatent Appl;cation No. PCT/GB91/00720. The
multiple chips in the array can conveniently be operated by one set of"
input signal tracks 18 instead of one set of tracks per chip.

A further advantageous property of the solder bond is that it hold§
the walls rigidly to the substrate channel closure sheet, preventing
movement.of the actuator walls both torsionally in flexure and laterally in
shear. Further, if the tracks are formed on a rigid substrate, rotation of
the tops of the walls is secured preventing tip flexure. In the case of
glue bonds sealing the walls to a channel closure sheet, however, it has
been observed that the tops of the actuator walls deform to such a degree
that a pin joint is effectively-formed at the tops of the walls. This
occurs due to the relatively low stiffness of a glue compared with that of
the solder and the actuator ceramic.

The advantage of a rigid joint as opposed to a pin joint bond is
illustrated by the following table of performance calculations for a
chevron actuator such as is depicted in Figure 3.
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di sposed parallel with and opposite the channels and bonds nechani cal | y' and -

el ectrical \Wwpoepmged each track to the el ectrodes on the chann '
wal | s of the channel opposite thereto and se t he cl osure shegl{a:/ﬁgzg)mss

channel’s— Suitably, electric drive current circuits are connected
respectively to the tracks. Advantageously, the tracks on the channel

cl osure sheet are of w dth approaching that of the spacing between the

el ectrodes on the channel ' 14 er y, th nds c i ng
the tracks to the el ectrodfggfgérb% S i@é"g‘gﬁ%s.%@nt aé’g‘%ﬁ@ Y, Sﬁggl | dus
of the solder of the bondsypgtsel ected, having,gegard tg the valges of the
t hermal expansion coefficients, tolimt the relative thermal strains of
the channel clpggurgintheet andssai d gizggoel ectrips materiggl . The g@l der can
be an all oy oRifeddecand/ or 18ig and/@epndi um &xe al | ogywhi ch ngy be

enpl oyed conprises lead and tin. In a preferred formthe solder is a

Calculations show that the wall height, to obtain a specified’
compliance ratio, of the actuator is greater by about 13% when the bond

corresponds to a rigid joint as opposed to a pin joint. The actuation

voltage is also reduced by about 27%. _

A lower actuating voltage makes it possible to work at a lower

actuation energy and also to employ a chip made by a cheaper process. Less

heat is also generated in the array during actuation.

In order to take best advantage of these aspects of the printhead .
design it is preferred that the substrate channel closure sheet 14 should
be formed of a material which has a relatively rigid elastic modulus and
possegses a thermal expansion coefficient that is closely matched both tq
the piezoelectric ceramic component and to the silicon ship. While the
elastic modulus of PZT is about 50 GPa and the solder modulus is also |

comparable, that of the substrate is preferably greater. The expansion

coefficient of FZT tends to be variable depending on the supply source and

process history, but is preferably matched to that of the substrate to
about 1 part per 10-6per°C. These thermal expansion gbjectives are met
by the use of a borosilicate glass substrate such as Pyrex {Corning 7740}
or equivalent materials. Since the elastic modulus of this glass exceeds
200 GPa, the substrate is effectively rigid.

When the substrate channel closure sheet is & borosilicate glass,

Qhose expansion coefficient matches that of silicon in the <110> direction,
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euteciic'alloy including lead and tin. In a further formthe solder alloy

I ncl udes sg)v Sui tably, the channel closure sheet co |

gl ass or ct t%ﬁféz‘q?avi ng a relatively high el astic nodul us co%(?m{%oss
that of —pi ezoel ectric ceranic and an expandi®h~coefficient matched to that

of <110> silicon. A preferred material for the channel closure sheet is

borosilicate glass. This type of closure sheet may have deposited thereon
he

Channel arr ay T GEHT GSEE dOFSgRACeRy o8 FeCSYPATAD g ForTed CRLTLIS Gvstalline
silicon is deposited over the width of the glass substrate in the region of
the chip 27. The logic and power transistors of the multiplexer drive
circuits are then formed directly on the silicon layer. The tracks 16 and
18 are then deposited so that connections are made fespectively with the
input and output terminals of the drive circuit. This drive circuit is a
multiplexer circuit substantially as described in European Patent
Application No. 89304573.2 (Publication No. 0,341,929). In this way the
drive circuit is formed directly on tﬁé glass substrate instead of the
chips being made on a silicon ;afer, diceé.into separate chips and bonded
as components into the tracks on the substrate.

The deposition of chips on glass has been practised for other
applications such as display products and is advantageous provided the -
manufacturing yield for the chip on glass process is sufficiently great, so
that maﬁufacture and assembly of separate components by discrete chip
assembly processes is unjustified.

A further advantage in the manufacture of the piezoelectric ceramic
sheet described is that machining tolerances are found to be relaxed when
the tracks are formed on a separate substrate channel closure sheet. The

channel depth tolerance is greﬁter than that which is possible in the prior

art processes referred to where shallow connection grooves are formed in
alignment with the channels and separated therefrom by respective bridge
sections. Because the channels of the construction which is described
herein are of uniform depth throughout, control of the thickness tolerance
of the PZT layer can be relaxed. As a result only the top face of the

piezoelectric sheet needs to be ground to a flatness suitable for bonding.

The control of parallelness between opposite faces of the PZT layer can
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mul tiplexer drive circuit having input and output term nals of which the °
out put teruk?gbazgie connected to the conductive tracks on the channel

cl osure shee

by reference to

| ongi t udi nal

9 The invention wil'l now be described by waPC3¥GBI308s
t he acconpanyi ng di agranms ofl2whi ch: FI GURE 1 shows a
section of a droplet deposition -apparatus in the formof a

drop-on-demand ink jet printhead constructed in accordance with the

i nvention;
i ne X-X of

Fl GURE 2 sho,}/\,t/ls a section in the array direction on the
also be relaxed. e cost of grinding one face is less than that of

lapping both faces parallel. Another advantage during assembly is that
connecting the substrate and the piezoelectric sheet with a low temperature
solder is a rapid step involving melting and solidfying the solder, instead
of, as in the prior art, curing the bond material, which requires &
substantially longer cycle time: at the same time the solder as it wets,
holds the tracks and the electrodes of each part automatically in alignment
and draws them together with a pressure equal to a few atmospheres,
avoiding the need for assembly jigs. iﬁe §esign enables automated

assembly.

The construction also introduces features that provide improved yield
in manufacture and improved reliability during operation. One
consideration is that both the substrate part and the piezoelectric
actuator part are able to be pretested to establish that they are correctly
working Sub-components prior to assembly.

Further the adoption of sclder as a bond or connection material is
advantageous, firstly because it does not hydrolyse or dissolve in the inks
as most glue bonds are found to do: also it can be reheated and repaired,
if thg solder connection is not properly made.

It will be appreciated that.with the structure described, the unit
comprising the printhead channels and their closure sheet can be replaced
without replacement of the chip 27 being required. As the chip forms a
significant element in the cost of the structure and as it is less
vulnerable to wear and damage than the printhead channels, it is desirable
that it should not have to be changed together with the printhead

channels. . o o
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Figure 1 of one formof the printhead; and FI GURE 3 shows a section
in the arr béji |on on the line X-X of - Figure 1 of another }féﬁf @5/61'655
e

print head. the ajl;g referred to by t
ref er enee nurrerals ﬂm] || "m[z iTluwsirate forns of ink Jet array
L

pri nt head whi are ass aceording to the principles of the

i nvention. Th theads are of the drop-on-denmand type incorporating
channel dividing wall actuators. These actuators are formed in a sheet of
pi ezoel ectric ceramic poled in a direction perpendicular to the sheet and

operated in shear dfggg?’.ég“cfttnﬁ‘ﬁerﬁﬁmﬁ%%ﬁi dﬁui&%hé:ﬁeltlh&z@yr geddr of

the electric fiel draw ngs ustrate a

printhead 10 o0 GRnAlLALLAY: Ghilf feonb AU LRoHiR) o bald ({Heet SERARE £ aver

by channel separattng vva act uat ors
of piezoelectric material poled normal to said sheet, forming an array of

parallel, open-topped droplet liquid channels in said base sheet layer so
that the piezoelectric material provides upstanding walls separating
successive channels, forming electrodes on channel facing surfaces of the
walls, bonding a channel closure sheet to the walls, providing nozzles
respectively communicating with the channels and providing means for
connecting a source of droplet'liquid to éhe channels, characterised by
forming said channel closure sheet with an array of parallel conductive
tracks spaced at intervals corresponding with the channel spacing, locating
the channels in position parallel with and opposite said tracks, and |
sealing the closure sheet to the channel walls by forming bonds which
mechaniéally and electrically connect each track to the electrodes on the
channel facing sides of the walls of the channel opposite thereto.

2. The method claimed in Claim 1, characterised by connecting drive
current circuits to the tracks prior to forming said bonds to connect each
of the tracks to the electrodes on the channel facing sides of the walls of

the channel opposite thereto.

3. The method claimed in Claim 1 or Claim 2, characterised by forming
said bonds as solder bonds.

4. The method claimed in Claim 3, characterised by depositing solder
on either or both the tracks and the electrodes, locating the channels
opposite the tracks and simultaneously forming the bonds to connect the

tracks each to the electrodes of the channel facing surfaces of the walls

of the channel opposite thereto.
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conductive tracks 16
channels= The tracks 1
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.13(g) forned—in a sheet of-ptezoelectric ceramc 12, are bonded to °

oo SRR R v 5 e e

arce monmec o dri hip 27 and conduct

5. The methéd claimed in Claim 4, characterised by heating at least
the solder thereby to cause the solder to wet the tracks and the adjoining
electrodes thereby to form a meniscus bridging the tracks and adjoining
electrodes and cooling the solder to form said bonds.

6. The method claimed in any prece@ing claim, characterised by
forming said tracks on said channel closure sheet of width approaching that
of the syacing of the electrodes on the channel facing walls.

7. The method claimed in any one of Claims 2 to 5, characterised by
providing said drive current circuits in a drive chip located on the

channel closure sheet. -

8. The method claimed in Claim 7, characterised by forming said drivé
chip by deposition thereof on said closure sheet to provide drive circuit
means connected with said tracks. |

9. A multi-channel array droplet deposition apparatus comprising a
base sheét having a layer of piezoelectric material poled normal thereto,
an array of.parallel, open topped, droplet liquid channels in said base
sheet layer provided by upstanding channel separating walls formed in said
layer, electrodes provided on channel facing surfaces of the walls, a
channel closure sheet bonded to the walls, nozzles respectively
communicating with the channels'and means for supplying droplet ligquid to
the channels, characterised in that said channel closure sheet has an array
of parallel conductive tracks thereon spaced at intervals corresponding
with the channel spacing and disposed parallel with and opposite the
channels and bonds mechanically and electrically connect each track to the
electrodes on the channel facing walls of the channel opposite thereto and

seal the closure sheet to the channels. o N o
s Sheet Has Been Replaced

T




el ectyic drive signals directed fromthe chip to the actuators, -generally.. .
as described in European Patent No. 0,277,703 and European

af.ent
0, 278,590 WQRREHFPht r mﬁmmﬁuﬂmm of drop- on-denmand pT'!?:: s Boop Replaged
cont ent s—of whi ch areT | oo ted bylyeference. Si Il
the construction are further“di'%cl®osed in PCT Patent Applic :

PCT/ GB91/ 00720 the contents of which are al so incorporated herein by
reference. The drive chip 27 is also connected to tracks 18 at_one end of
the closure sheet 194 AFPaFR%S 8% claised dodClairuld. HoeretyIReR {1V BRbrekestric
print data signals. The ink channels of the printhead are term nated
at cor r espondfFiyeeferent neircyitsane sommacted gespagldvedy nk 2he Hragks- 20

which is attached_to the %lﬁgzoel ectric ceranic _sheet 12 %nd t he channel .
closure sheet 14 tenof*@PET eheelepped dp Claim 9 of GLaiF JOy SHeqastgrissdniny

at the end of tl}art]:etgg atrrl:ge s'.s o%d{:ﬁec ecrilxtamtxee closure sheet are of width approaching that

of the spacing between the electrodes on the channel facing walls.

12. Apparatus as claimed in any one of Claims 9 to 11, characterised
in that thé bonds connecting the tracks to the electrodes are solder
bonds.

13. Apparatus as claimed in Claim 12, characterised in that the

solidus of the solder of said bonds is selected having regard to the values
of the thermal expansion coefficie;ts to limit the relative thermal strains
of the channel closure sheet and said piezoelectric material.

14. Apparatus as claimed in Claim 12 or Claim 13, characterised iﬁ
that the solder of said bonds is an alloy of lead and/or tin and/or
indium,.

15. Apparatus as claimed in Claim 12 or Claim 13, characterised in
that the solder of said bonds is an eutectic alloy including lead and tin.

16. Apparatus as claimed in Claim 12 or Claim 13, characterised in
that the solder of said bonds is an alloy which includes silver.

17. Apparatus as claimed in any one of Claims 9 to 16, characterised
in that the channel closure sheet comprises a glass or ceramic having &
relatively high elastic modulus compared with that of piezoelectric ceramic
and an expansion coefficient matched to that of <110> silicon.

18. Apparatus as claimed in Claim 17, characterised in that the

channel closure sheet is borosilicate glass.



drive chip 27 to hold ink and deliver it into the printhead channels via .
the trans t 26. The copnstruction and operation of typical

f or s “of %&#ﬁflﬁ%l mgm‘mﬁ the invention are di sclR{S&BIR/0108%
detail wth refer ence\‘mﬂm d 3, Which show al ternative designs
in enlargements on seeti®n %X- X of Fi gure 1. Figure 2 illustrates a
printhead which incorporates a cantilever actuator as described in

Eur opean Pat ent Cﬁopl ication No. 89309940.8 (PubJication No. 0,364, 136) the
contents of whi c}V-ar APRETEGHS AiSatLefned, i (Flgdm 1 o FhARaS tamipedninthhel $8id

pi ezoel ectric_ ceranjc | ol ari sed. perpendi cul ar tg9 the piezoel ectric
sheet in a siHgFere g}”?%‘ﬁ?’ﬁ'gi oghted ﬁﬁﬁg‘?‘lf’hat &gl @ t‘iré’a‘éguz@eo?ilt"ﬁ%nvvall

actuators extend ..about ha'é t?e extent of the |1 height: and Figure 3 .

'l tot rates. £eoentpBoreitnth oF KR romn Hhn SPBRTeriRt YiaRF Hapoti baving

di sclosed in f‘gged therein a multiplexer drive circuit having input and output
terminals of which the output terminals are connected to the conductive

tracks on the channel closure sheet.

‘This Sheet Hag Been

T

1
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-7{-”5 faéﬁ'lcatlon No. PCT/ GB91/ 02093 the contents of which are
|ncorporated herein by reference and for which the el ectrodes 25 extend

the full height of the wall actuators which are formed of two oppositely
and | ower halves of the walls respectively formed

poled parts in the upper

in tw piezoelectric ceramc sheets pol edgiyn the thickneggs eleti#es BanRe laced

B 1711
ABSTRACT

A Multi-Channel Array Droplet Deposition Apparatus.

A multi-channel array droplet deposition spparatus has a base sheet
{10) comprising.a layer (12} of plezo-electric material poled normal
thereto, an array of parallel, open-topped droplet liquid channels
{11(a)=11(h)) provided by upstanding channel sepsrating walls (13(a)-13(h))
formed in the layer, electrodes:(é3) on channel facing surfaces of the
walls, a channel cloéure-sheet (14) bonded to the walls, nozzles ({22)
respectively communicating with the channels and a droplet liguid supply
"{21) connecting with the channelg, the closure sheet having an array of
parallel conductive tracks (16) thereon spaced at intervals corresponding
with the channel spacing and located parallel to and opposite the channels
and bonds (24,28), which preferebly are solder bonds, mechanically and
g%ectrically connect each track to the electrodes of the channel facing

walls of the channels opposite thereto and seal the closure sheet to the

. channels.

keceived Tine 16, Feb, 22:21 . Print Time 16. Feb, 22:24



direction of poling is given by arrow 17 in Figure 2 and by arrows 19 in
Figure 3. wo92/22n9essential feature of the construction, whi cRCraGB92/01085
illustrated in Figures 2 and 3, is that the tracks 16 which each extend
substamtH ally the distance between, as the case nay be, the el ectrodes 23
or 25 are coated wth a filmof sol der 22( The el ectrodes on the actuator

walls may also be coated with a thin |ay Jof solder. Thi &hi
t he sol der when heated above its |iquidusajo wetf he electrj

channel array is nmounted so that the ink annel®’ are | ocat
with and respectively opposite t )d the actuator walls
occupy the spaces which separat el ragk \When the solder is heated it

melts and flows formng a neniscus 28fof solder,rmhich connects
electrically and nechanically thej ele¢trodes on fhe walls on both sides of
each channel to the tracks on the
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substrate or closure sheet 14 at the sane tine sealing the ink channel

wal I's to t(g gybskisaate 14 in ink tight manner. The sol i dupcal/GBbe/01085
sol der of the bonds is selected having regard to the values of the thernal
expansi-on coefficients to linit the relative thermal strains of the ,
cl osure sheet and the piezoelectric materi aljand can be Y | | N of | ead
and/or tin and/or indium One suitable al IB/ conprises | egy 1 P Cgdg
preferably a eutectic alloy thereof. A further suitable f; '
all oy includes silver.
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-8-- The advantages of this construction are that it provides

i npriovenmentaso 9patlizd n manuf act ure and performance of the print heagGBbRARAGSS
conbing to reduce the printhead cost. I n manufacture this
construetion is conveniently sinplified because it conbl nes an el ectronic
substrate conponent and a printhead conponent that can Sheabiids Badnad, 12
tested separately. Wien both work satisfa&/c?rily I n testﬁ

assenbly of .working conponents is nade by a sol der bond ’ i d
step capabl e of automati on and high yield in manufacture. Furt

assenbly can be tested. Since the chip can in one design be part of the
Substrate conponent, a reduction of the conponent count nay
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Hegs4l-1 1fes

then be obtalned One fault t hat has been observed to occur on a

pri ntrheeadt i Tat ne cantl nuity of the plating on a snall

nunber : F&E@i@f}# q%%ﬁﬁg} é imes interr I
shadiln& Besqrpbog: 8&5 de track durin é‘%‘?IaW% HIBBES s

possi {o Clgimitist : PRRsSafis 0 Pf"ﬁe I ed to the -he@?%cﬂm : paged sol. delbag(ﬁl nce.
it vva Bsawingfse : SREs:-Po b #2888k §§ hted with tHé €, Wi pagedBialge phdaids.-.. ..
sort dbbleat, tPegyst-dsEnPag¥hitrliction is sHBrDtwingés)sataked epaits biaw.th
respect to this fault condition. Ih previous {dshgoect he: BPS.. W6 Baged ..........

assenpl pATE OF RECBIRT et¥pri.nt hepd.- As-a corﬁgggegquzgcﬁw“t“ym_connect I on
or a [ftzzmT‘ry‘CTrr‘p’TE'd‘UTé'd"‘T“ﬁe”“a'ssefﬁol y yield The apptictatromrot—tHe—— '

channel cl osure sheet by ue Bondi ng al sQ took tinme for the glue bond to
cure and frequent!y "Bt @%“Pﬁl EFqyaProRbe F?f’“ﬁ’cﬁi’l t“‘?%?““’l‘ﬁe yield of the

cover bondi ng process thus was deleterious to

This invention relates to multi-channel array droplet deposition
apparatus and to a method of manufacture thereof.

In European Patent No. 0,277,703 and European Patent No. 0,278,590,
there is disclosed multi-channel arrﬁy droplet deposi;ion apparatus,
suitably, for use as drop-on-demand ink jet priniheads and of Fhe form
comprising an array of-parallel channels mutually spaced transversely to
the channels in the array direction. These printheads employ piezpelectric
actuators forming at least part of the Ehannel separating side walls as the
means for effecting droplet expélsion from:;ozzles communicating
respectively with the channels. One preferred method of making such a-
printhead comprises providing a base sheet having & layer of piezoelectric
material poled normal thereto, forming a multiplicity of parallel groovés
in the layer of piezoelectric material so that the material affords channel
separating walls between adjacent grooves, thé ink channels thus being
provided by the grooves, forming electrodes on the channel facing surfacgs
of the walls so that the actuating electric fields are applied normal to
the direction of polingﬁin the array direction to produce deflection of the
walls in the direction of the applied fields, connecting electrical drive
circuits to the electrodes, bonding a top sheet to the walls to close the
ink channels, providing nozzles for the respective channels and further
providing ink supply means communicating with the channels.

In one defign, the channels separating walls comprise piezoelectric,
so-called, "chevron" actuators in which upper and lower parts of the walls
are oppositely poled so as to deflect into chevron form transversely to the
corresponding channels. One method of forming the base sheet from which

the channels and channel separating wall actuators are formed consists of



the overall assenbly yield. Broken plating, which is difficult to find by
I nspection, was also a cause of faulty production. Printhead assenbly
enpl oyi ng a sol der connection process as descri bed avoi ds these defects and

?g? consequently inproved vyi el d. REPLACEMENT SEFET
17 SEP 1996

using a five layer laminate as disclosed in PCT application No.
PCT/GB91/02093. In an alternative design, there are employed. so-called,
"cantilever” actuators which are disclosed in European Patent Application
No. 89309940.8 (Publication No. 0,364,136). In PCT Patent Application No.
PCT/GB91/00720 there is disclosed an array of parallel ink channels formed
from a number of like modules each having a multiplicity of parallel ink
channels, the modules being serially butted together. In a preferred form
pairs of the butted modules form an ink channel at the butting location.

It is a general object of the pres;nt invention t¢ provide a
multi-channel array, droplet-deéosition ap;;ratus of improved construction
and an improved method of manufacturing said apparatus. Another object is
to enable the provision of a multi-channel array droplet deposition
apparatus which can operate at lower voltage for a given compliance of tﬁe
channel wall actuators.

It ié a further object of one form of the present invention to provide
a multi-channel array, droplet deposition apparatus and a method of
manufacture‘thereof in which the integrity of the chip connections to the
tracks which connect with the channel electrodes is not threatened by

.thermal cycling of the printhead.

The present invention consists in a method of manufacturing a
multi-channel array droplet deposition apparatus which comprises providing
8 base sheet having a layer of piezoelectric material poled normal to said
sheet, forming an array of parallel, open-topped droplet liquid channels in
said base sheet layer so that. the piezoelectric material provides
upstanding walls separating successive channels, forming electrddes on
channel facing surfaces of the walls, bonding a channel closure sheet to

the walls, providing nozzles respectively communicating with the channels



\\here the printhead conprises an array of like nodules it will be
preferred that the substrate channel closure sheet

~ll—generally he
in one piece the full width of the array. The piez REEEACE@&ﬁﬁHQHE

however ,
naterlal
processes. It will be evident that the nunber of tpgagk
chip on the substrate closure sheet and the wi dth o¢f ithe. piezoelecir
conponents assenbled to it can now be made i ndepengently w thout any
correspondence between the chips and the active co
as was a feature of PCT Patent Fpplicati on No. PCT/GBQl/OO?ZO The

j oi ns,

are formed of a wwdth appropriate to the guppty-of—prezoe
(PZT) wafers and the yield of the channel {f ¢rmn Imi
A TRE

made
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mul tiple chips in the array can conveniently be operated by one set of
i nput signal tracks 18 instead of one set of tracks per chip.

A

furt her advant ageous opert t he sol der ol ds the
vvzl;I s ri g‘i"él%f'°i”?5hf‘%é“eg‘ﬂfogf"r‘ é%g"ecfﬁ%ﬂﬁwéls"@f% c{}s? ﬁiéetsatt hqﬁ‘%’%v%’npfeng

channels, characterised by forming said channel closure sheet with an array
of parallel conductive tracks spaced at intervals corresponding with the
channel spacing, locating the channels in position parallel with and
opposite said tracks, and sealing the closure sheet to the channel walls by
forming bonds which mechanically and electrically connect each track to the
electrodes on the channel facing sides of the .walls of the channel opposite
thereto. Preferably, the method includes connecting drive current circuits

to the tracks prior to forming said bonds yo connect each of the tracks to
the electrodes on the channel facing sides of the walls of the channel
opposite thereto. Advantageously, the method includes forming said bonds
as solder bonds. Preferably, the method includes depositing solder on
either or both the tracks and the electrodes, locating the channels
opposite the tracks and simultaneously forming the bonds to connect the
tracks each to the electrodes of the channel facing surfaces of the walls
of the channel opposite therg;o. Also the method preferably includes
heating at least the solder thereby to cause the solder to wet the tracks
and the adjoining electrodes thereby to form a meniscus bridging the tracks
and adjoining electrodes and cooling the solder to form said bonds.

Advantageously, the nethod-also includes forming said tracks on said
channel closure sheet of width approaching that of tﬁe spacing of the
electrodes on the channel facing walls.

The invention further consists in a multi-channel array droplet
deposition apparatus comprising a base sheet having a layer of
piezoelectric material poled normal thereto, an array of parallel, open

topped, droplet liquid channels in said base sheet layer provided by

upstanding channel separating walls formed in said layer, electrodes



novenent of the actuator walls both torsionally in flexure and laterally in
shear. Further, if the tracks are forned on a rigid substrate, rotation of
the tops of the walls is secured preventing tip flexure. ln the case of
gl ue bonds sealing the walls to a channel closure s , QENﬁﬂW r}ﬂﬂg has
been observed that the tops of the actuator walls d f-FA—H6 su?ésa ree

that a pin joint is effectively forned at the tops th I Thi
coﬁ'&aggh @n%h t Hat of
¢ L

—

occurs due to the relatively low stiffness of a glu

t he solder and the actuator ceramc. The advajt] jjoi nt
as- opposed to-a pin joint bond is illustrated by the foll ow ng -tabl g of
per f ormance cal cul ations for a chevro# actuator su ' ' I n

Figure 3.

provided on channel facing surfaces of the walls, a channel closure sheet
bonded to the walls, nozzles respectively communicaeting with the channels
and means for supplying droplet liquid to the channels, characterised in
that said channel closure sheet has an array of parallel conductive tracks
thereon spaced at intervals corregpopding with the channel spacing and
disposed pargllel with and opposite the channels and bonds mechanically and
electrically connect each track to the eleqtrodesxon the channel facing
walls of the channel opposite thereto and seal the closure sheet to the
channels. Suitably, electric drive cu;reqp circuits are connected
respectively to.the tracks. - AAvantageousl;. the tracks on the channel
closure sheet are of width approaching that of the spacing between the’
electrodes on the channel facing walls. Preferably, the bonds connecting
the tracks to the electrodes are solder bonds. Advantageously, the solidus
of the solder of the bonds is selected, having regard to the values of the
thermal expansion coefficients, to limit the relative thermal strains of
the channel closure sheet and said’piezoelectric‘;aterial. The solder can
be an alloy of lead andfor tin and/or indium. One alloy which-may be
employed comprises lead and tin. In a preferred form the sclder is &
eutectic alloy including lead and tin. In a further form the solder alloy
includes silver. - _

Suitably, the channel closure sheet comprises a glass or ceramic
having a relatively high elastic modulus compared with that of
piezoelectric ceramic and an expansion coefficient matched to that of <110> .
silicon. A preferred materipl for the channel closure sheet is
borosilicate glass. This type of closure sheet may have deposited thereon
a layer of crystalline silicon extending the width of the sheet in the

channel array direction said layer of silicon having formed therein a
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80 Cal cul ati ons show that the wall height, fojobtain a specffjed
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conpliance ratio, of the actuator is greater by abow
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multiplexer drive circuit having input and output terminals of which the
output terminals are connected to the conductive tracks on the channel
closure sheet.

The invention will now be described by.way of example by feference to
the accompanying diagrams of which:.

FIGURE 1 shows & longitudinal section of a droplet deposition
apparatus in the form of a drop-on-demand ink jet printhead constructed in
accordance with the invention;

FIGURE 2 shows a section in the a;ray direction on the line X-X of
Figure 1 of one form of the-printhead; and—

FIGURE 3 shows a section in the array direction on the line X-X of
Figure 1 of another form of the printhead.

In the drawings like parts are referred to by the same reference
numerals.

Figures 1 to 3 illustrate forms of ink jet array printhead which are
assembled according to the principles of the invention. The printheads are
of the drop-on-demand type incorporating channel dividing wall actuators.
These actuators are formed in a sheet of piezoelectric ceramic poled in a
direction perpendicular to the sheet and operated in shear mode so that the
actuators deflect in the ditectién of the electric field applied thereto.

The drawings illustrate a printhead 10 in which an array of ink
channels 11(a)....11(h), separated by channel separating wall actuators
13(a)...13(g) formed in & sheet of piezoelectric ceramié 12, are bonded to
a substrate or channel closure sheet 1. Tﬂe substrate has parallel
conductive tracks 16 formed thereon at the same pitch interval as the ink

channels. The tracks 16 are connected to drive chip 27 and conduct



corresponds to a rigid joint as opposed to a pin joint. The actuation
voltage is al so reduced by about 27% A | ower actuating vol tage nakes
it possible to work at a lower actuation energy and also to enploy a chip
made by a cheaper process. Less heat is al so genefated—tm—t 3 duri ng
hﬂﬂ QE t he

nodul us

actuati on. In order to take best advant age of

printhead design it is preferred that the substralefchannel closufe] sheet

14 should be formed of a material which has a rel ht ve{ SEPOi99sel st i ¢
and possesses a thernmal expansion coefficjent Zat is close]y

mat ched both to the piezoelectric ceram c conponeft ™ igon

ship. Wiile the elastic nodulus of RZ§ is about 50 GPa and the sol der

nodul ‘us

is also conparable, that of the substrate TS prefrerably greater

The expansion coefficient of PZT tends to be variabl e depending on the
supply source and

electric drive signals directed from the chip to the actuators, generally
as described in European Patent No. 0.277.703 and European Patent
0,278,590, which introduced this class of drop-on-demand printhead and the
contents of which are herein incorporated by reference. Some aspects of
the construction are further disclosed in PCT Patent Application No.
PCT/GB91/00720 the contents of which are also incorporated herein by
reference. The drive chip 27 is also connected to tracks 18 at one end of
the closure sheet il on which are provided input clock, power waveform and

print data signals.

The ink channels of the printhead are-terminated at corresponding ends
thereof by nozzles 22 formed in nozzle plate 20 which is attached to the
piezoelectric ceramic sheet 12 and the channel closure sheet 14 remote from
the chip 27.

A manifold 21 is attached at the end of the channels adjacent the
drive chip 27 to ﬂold ink and deliver it into the printhead channels via
the transverse duct 26.

The cqn;truction and operation of typical forms of printhead in
accordance with the invention are disclosed in more detail with reference
to Figures 2 and 3, which show alternative designs in enlargements.on
section X-X of Figure 1. Figure.Z illustrates a printhead which
incorporates a cantilever actuator as described in European Patent
Application No. 89309940.8 (Publication No. 0,364,136) the contents of
which are incorporated herein by reference And in which the piezoelectric
ceramic is polarised perpendicular to the piezoelectric sheet in a single
orientation and in which the electrodes 23 on the wall actuators extend .
about half the extent of the wall height: and Figure 3 illustrates a

chevron actuator made from a piezoelectric laminate as disclosed in PCT



process history, but is preferably matched to that of the substrate to

about 1 part per 10[err] per[err] C These thermal expansion objectives are
nmet by the use of a borosilicate glass substrate sughpias, rR Ng
7740) or equivalent materials. Since the elastic (0 1,%@%’& Sﬁ LSS
exceeds 200 GPa, the substrate is effectively rigig@.j . Wien th

substrate channel closure sheet is a borosilicate g a;;s.17\§lg§s§9éxpansi on
coefficient matches that of silicon in the <110> difeg¢tion,
REPLACEMENT SHEET
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application No. PCT/GB91/02093 the contents of which are incorporated
herein by reference and for which the electrodes 25 extend the full height
of the wall actuators which are formed of two oppositely poled parts in the
upper and lower halves of the walls respectively formed in two
piezoelectric ceramiq sheets poled in the thickness direction thereof. The
‘direction of poling is given by arrow 17 in Figure 2 and by arrows 19 in
Figure 3.

An essential feature of the construction, which is illustrated in
Figures 2 and 3, is that the tracks 16 which each extend substantially the
distance between, as the case Qay be, the.glectrpdes 23 or 25 are coated
with a film of solder 24, The electrodes on the actuator walls may also be
coated with a thin layer of solder. This layer assists the solder when
heated above its liquidus to wet the electrodes. The channel array is .
mounted so that the ink channels are located parallel with and respectively
opposite the soldered tracks and the actuator walls occupy the spaces which
separate the tracks. When the solder is heated it melts and flows forming
a meniscus 28 of solder, which connects electrically and mechanically the
electrodes on the walls on both sides of each channel to the tracks on the
substrate or closure sheet 14 at the same time sealing the ink channel
walls to the substrate 14 in ink tight wmanner.

The solidus of the solder of the bonds is selected hgving regard to
the values of the thermal expansion coefficients to limit the relative
thermal strains of the closure sheet and the piezoelectric material and can
be an alloy of lead and/or tin and/or indium. One suitable alloy comprises
lead and tin and is preferably a eutectic alloy thereof. A further

suitable form of solder alloy includes silver.
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- 11 - the chip can be integrated on the substrate. First a |ayer of
crystalllne silicon is deposited over the w dth of the glass substrate I n
the region of the chip 27. The | ogic and power transy S tre

mul tiplexer drive circuits are then forned directly dﬂﬂﬂﬂ&

I ons are nadg

el 9472 SEPCB9S Ul

as descri

The tracks 16 and 18 are then deposited so that conne
respectively with the input and output term nals of

This drive circuit is a multiplexer circuit substantj
Eur opean Patent Application No. 89304573.2 (Publicatji .
this way the drive circuit is forned directly on thg gl ass substrate
I nstead of the chips being made on a-9 ki con wafer,
chi ps and bonded as conponents into the tracks on the substrate.

The advantages of this construction are that it provides improvements
both in manufacture and performance of the printhead. These combine to
reduce the printhead cost.

In manufacture this construction is conveniently simplified because it
combines an electronic substrate component and a printhead component that
can be fabricated and tested separately. When both work satisfactorily in
test, then the assembly of working components.is made by a solder bond:
this is a rapid step capable of automation and high yield in manufacture.
Further the assembly can be tested. S;nce the chip can in one design be
part of the substrate componene. a reducti;n of the component count may
then be obtained.

One fault that has been observed to occur on & printhead component is
that the continuity of the plating on a small number of electrode walls.is
sometimes interrupted by a crack or by local shading of the electrodes and
the traek during the plating process possibly'by dust. Because, if epplied
to the electrodes, the solder, since it wets both the electrodes associated
with the track, will bridge this sort of defect, the present construction
is seen to be self repairing with respect to Fhis fault condition. In
previous designs the chips were assembled to the completed printhead. As a
consequence a faulty connection or a faulty chip reduced the assembly
yield. The application of the channel closure sheet by glue bonding also
took time for the glue bond to cure and frequently proved to be variable in
quality. The yield of the cover bonding process thus was deleterious to
the overall assembly yield. Broken plating, which is difficult to find by
inspection, was also a cause of faulty production. Printhead assembly

employing a solder connection process as described avoids these defects and

has consequently improved yield.




The deposition of chips on glass has been practised for other applications
such as display products and i s advant ageous provided_the manufacturing
yield for the chip on glass process is sufficiently d e
manuf act ure and assenbly of separate conponents by diisS Agiﬁﬁﬂ{r%&ﬁﬂ bl y
processes is unjustified. A further advantage i{n the nanufacture of
the piezoelectric ceramc sheet described is that nEcklni%ﬁ ¥Hanges are
found-to be rel axed when the tracks are fornmed on ajseparate substere
channel closure sheet. The channel depth tol erance ifs greater than that
which is possible in the prior art processes referréd-to.where shallo
connection grooves are formed in aligrfrent with the channels and separat ed
therefrom by respective bridge sections. Because the channels of the
construction which is described herein are of unifornldepth t hr oughout ,
control of tNenbll ehigemehOlL EaREEseCln Wifay6r 11RY Ghoafid ACLLA! o0 AS 2
result only the top face of

preferred that the substrate channel closure sheet will generally be made

in one piece the full width of the array. The piezoelectric components,
however, are formed of a width appropriate to the supply of piezoelectric
material (PZT) wafers and the yigld of the channel forming and plating
processes. It will be evident that the number of tracks operated by each
chip on the substrate closure sheet and the width of the piezoelectric
components assembled to it can now be made independently without any width
correspondence between the chips and tﬁe active components at the butted
joins, as was a feature of PCT éatent Applgcation No. PCT/GB91/00720. The
multiple chips in the array can conveniently be operated by one set of:
input signal tracks 18 instead of one set of tracks per chip.

A further advantageous property of the solder bond is that it holdé
the walls rigidly to the substrate channel closure sheet, preventing
movement of the actuator walls both torsionally in flexure and laterally in
shear. Further, if the tracks are formed on a rigid substrate, rotation of
the tops of the walls is secured preventing tip flexure. In the case of
glue bonds sealing the walls to a channel closure sheet, however, it has
been observed that the tops of the actuator walls deform to such a degree
that a pin joint is effectively formed at the tops of the ;alls. This
occurs due to the relatively low stiffness of a glue compared with that of
the solder and the actuator ceramic.

The advantage of & rigid joint as opposed to & pin joint bond is
illustrated by the following table of performance calculations for a

chevron actuator such as is depicted in Figure 3.
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Voltage Compliance Wall Wall Channel
Ratio Height Width Width
Volts - Hm pum um
Pin Joint 27.5 0.353 375 87 80
Rigid Joint 18.9 0.360 420 87 80

Calculations show that the wall height, to obtain a'specified
compliance ratio, of the actuataor és greater by about 13X when the bond
corresponds to a rigid joint as opposed to a pin joint. The actuation
voitage is also reduced by about 27%.

A lower actuating voltage .makes it possible to work at a lower
actuation energy and also t; employ a chip made by a cheaper process. Less
heat is also generated in the array during actuation.

In order to take best advantage of these aspects of the printhead .
design it is preferred that the substrate channel closure sheet 14 should
be forﬁed of a material which has a relatively rigid elastic modulus and
possesses a thermal expansion coefficient that is closely matched both to
the piezoelectric ceramic component and to the silicon ship. While fhe'
elastic modulus of PZT is about 50 GPa and the solder modulus is also
comparable, that of the substrate is preferably greater. The expan51on
coefficient of PZT tends to be variable depending on the supply source and
process history, but is preferably matched to that of the substrate to
about 1 part per 10-6per°C. These thermal expansion objectives are met
by the use of a borosilicate glass substrate such as Pyrex (Corning 7740)
or equivalent materials. Since the elastic modulus of this glass exceeds
200 GPa, the substrate is effectively rigid.

When the substrate channel closure sheet is a borosilicate glass,

Ghose expansion coefficient matches that of silicon in the <(110> direction,



connecting the substrate and the piezoelectric sheet with a | ow tenperature
sol der is a rapid step involving nelting and solidfying the solder, instead

of, as in the prior art, curing the bond material, wdch-trequires a

substantlally | onger cycle time: at the sanme time thi EﬂﬂAﬁﬁﬁ@@NT SHBER S,
hol ds the tracks and the el ectrodes of each part aut 1 gnment
and draws themtogether with a pressure equal to a f at ﬁg ,

avoi ding the need for assenbly Jigs. The design enabj éﬁp e@gg

assenbl y. The construction al so introduces feat ures.that prayiide

i nproved yield in manufacture and inproved reliabiljity during operatijon.

One consideration is that both the substrate part

actuator part are able to be pretested to establish that they are correctly

wor ki ng sub-conponents prior to assenbly.
the chip can be integrated on the substrate. First a layer of crystalline

silicon is deposited over the width of the glass substrate in the region of
-the chip 27. The logic and power transistors of the multiplexer drive
circuits are then formed directly on thg silicop layer. The tracks 16 and
18 are then deposited so that connections are made respectively with the
input and output terminals of the drive circuit. This drive circuit is a
multiplexer circuit substantially as described in European Patent
Application No. 89304573.2 (Publication No. 0,341,929). In this way the
drive circuit is formed directly on tﬂé glass substrate instead of the
chips being made on a silicon Qafer. diceé-into separate chips and bonded
as components into the tracks on the substrate.

The deposition of chips on glass has been practised for other
applications such as display products and is advantageous provided the
manufacturing yield for the chip on glass process is sufficiently gregt, so
that maﬂufacture and assembly of separate components by discrete chip
assembly processes is unjustified. .

A further advantage in the manufacture of the piezoelectric ceramic
sheet described is that 'machining tolerances are found to be relaxed when
the tracks are formed on a separate substrate channel closure sheet. The
channel depth tolerance is greﬁter than that which is possible in the prior
art processes referred to where shallow connection grooves are formed in
alignment with the channels and separated therefrom by respective bridge
sections. Because the channels of the construction which is described
herein are of uniform depth throughout, control of the thickness tolerance
of the PZT layer can be relaxed. As a result only the top face of the
piezoelectric sheet needs to be ground to a flatness suitable for bonding.

The control of parallelnéss between opposite faces of the PZT layer can



Further the adoption of solder as a bond or connection material is
advant ageous, firstly because it does not hydrolyse or dissolve in the inks

as nost glue bonds are found to do: also it can be re]j egsandepa+ed.
i f the sol der connection is not properly made. | hﬂﬂd N;dﬁﬂ@g?gted

‘that with the structure described, the unit conprisiphg|the printhe
channel s and their closure sheet can be replaced w thout q72gEpcRYENt] df

“the chip 27 being required. As the chip fornms a signjfjcant elenent |ig the
cost of the structure and as it is |less vulnerable tjo je It han

the printhead channels, it is desirable that it sho

| d not have to b
changed together with the printhead - gbannel s. —

also be relaxed. The cost of grinding one face is less than that of
lapping both faces parallel. Another advantage during assembly is that
connecting the substrate and the piezoelectric sheet with a low temperature
solder is a rapid step involving melting and solidfying the solder, instead
of, as in the prior art, curing the bond material, which requires a
substantially longer cycle time: at the same time the solder as it wets,
holds the tracks and the electrodes of each part automatically in alignment
and draws them together with a pressure equal to a few atmospheres,
avoiding the need for assembly jigs. fhe ?esign enables automated
agssembly. - - )

The construction also introduces features that provide improved yield
in manufacture and improved reliasbility during operation. One
consideration is that both the substrate part and the piezoelectric
‘actuator part are able to be pretested to establish that they are correctly
working éub-componenté prior to assembly.

Further the adoption of solder as a bond or connection material is
advantageous, firstly because it does not hydrolyse or dissolve in the inks
as most glue bonds are found to do: also it can be reheated and repaired,
if thg solder connection is not properly made.

It will be appreciated that‘with the structure described, the unit
comprising the printhead channels and their closure sheet can be replaced
without replacement of the chip 27 being required. As the chip forms a
significant element in the cost of the structure and as it is less
vulnerable to wear and damage than the printhead channels, it is desirable
that it should not have to be changed together with the printhead

channels.
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Claims

1. The method of manufacturing a multi-channel array droplet
deposition apparatus which comprises providing a base sheet having a layer
of piezoelectric material poled normal to said sheet, forming an array of
par;llel. Openftopped droplet liquid channels in said base sheet layer so
that the piezoelectric material prévides upstanding walls separating
successive channels, forming electrodes on channel facing surfaces of the
walls, bonding a channel closure sheet to the walls, providing nozzles
respectively communicating with the channels and providing means for
connecting a source of dropletnliquid to €£e channels, characterised by
forming said channei closure sheet with an array of parallel conductive
tracks spaced at intervals corresponding with the channel spacing, locating
the channels in position parallel with and opposite said tracks, and '
sealing the closure sheet to the channel walls by forming bonds which
mechaniéally and electrically connect each track to the electrodes on the
channel facing sides of the walls of the channel opposite thereto.

' 2. The method claimed in Claim 1, characterised by connecting drive
current circuits to the ‘tracks prior to forming said bonds to connect each
of the tracks to the electrodes on the channel facing sides of the walls of
the channel opposite thereto.

3. The method claimed in Claim 1 or Claim 2, characterised by forming
said bonds as solder bonds.

§. The method claimed in Claim 3, characterised by depositing solder
on either or both the tracks and the electrodes, locating the channels
opposite the tracks and simultaneocusly forming the bonds to connect the
tracks each to the electrodes of the channel facing surfaces of the walls

of the channel opposite thereto.
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the solder thereby to cause the solder to wet the tracks and the adjoining

channel opposite thereto. 3 The met hod cl ai ned

electraodes thereby to form a meniscus bridging the tracks and adjoining

electrodes .and cooling the solder to form said bonds.

6. The method claimed in any preceding claim, characterised by

forming said tracks on said channel closure sheet of width approaching. that

of the spacing of the electrodes on the channel facing walls.

7. The method claimed in any one of Claims 2 to 5, characterised by

providing said drive current circuits in a drive chip located on the

channel closure sheet. .

8. The method claimed in Claim 7, characterised by forming said drive

chip by deposition thereof on said closure sheet to provide drive circuit

means connected with said tracks.

9. A multi-channel array droplet deposition apparatus comprising a

base sheét having a layer of piezoelectric material poled normal thereto,

an array of parallel, open topped, droplet liquid channels in said base

sheet layer provided by upstanding channel separating walls formed in said

layer, electrodes provided on channel facing surfaces of the walls, a

channel closure sheet bonded to the walls, nozzles respectively

communicating with the channels and means for supplying droplet liquid to

the channels, characterised in that said channel closure sheet has an array

of parallel conductive tracks therecn spaced at intervals corresponding

with the channel spacing and disposed parallel with and

opposite the

channels and bonds mechanically and electrically connect each track to the

electrodes on the channel facing walls of the channel opposite thereto and

seal the closure sheet to the channels.
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aim
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10. Apparatus as claimed in Claim 9, characterised in that electric
drive current circuits are connected respectively to the tracks.

11. Apparatus as claimed in Claim 9 or Claim 10, characterised in
that the tracks on the channel closure sheet are of width approaching that
of the spacing betweéﬁ the electrodes on the channel facing walls.

12. Apparatus as ‘claimed in any one of Claims 9 to 11, characterised
in that the bonds connecting the tracks to the electrodes are solder
bonds.

13. Apparatus as claimed in Claim 1%, characterised in that the
solidus of the solder of said bonds is sel;cted having regard to the values
of the thermasl expansion coefficie;ts to limit the relative thermal strains
of the chamnnel closure sheet and said piezoelectric material.

1. Apparatus as claimed in Claim 12 or Claim 13, characterised iﬁ
that the solder of said bonds is an alloy of lead and/or tin and/or
indium.

15. Apparatus as claimed in Claim 12 or Claim 13, characterised in
that the solder of said bonds is an eutectic alloy including lead and tin.

16. Apparatus as claimed in Claim 12 or Claim 13, characterised in
that the solder 6f said bonds is an alloy which includes silver.

17. Apparatus as claimed in any one of Claims 9 to 16, characterised
in that the channel closure sheet comprises a glass or ceramic having a
relatively high elastic modulus compared with that of piezoelectric ceramic
and an expansion coefficient matched to that of <110> silicon.

18. Apparatus as claimed in Claim 17, characterised in that the

channel closure sheet is borosilicate glass.
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means connected with said tracks. 9. A nulti-channel array dropl et
deposition apparatus conprising a base sheet having a | ayer of
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closure sheet has deposited thereon a layer of crystalline

silicon

extending the width of the sheet in the channel array direction and having

formed therein a multiplexer drive circuit having input and output

terminals of which the output terminals are connected to the conductive

tracks on the channel closure sheet.



sheet | ayer provided by upstandi ng channel separating walls foorned in said
I"ayer, el ectrodes provided on channel facing surfaces of the walls, a
channel cl osure sheet bonded to the walls, nozzles respefitye _
comuni cating with the channel s and neans for supplying J[EELAQEWHQHE$HEEI
t he channels characterised in that said;ghannel closurefsheet has an arjrgy
of parallel conductive tracks thereon spaCed at intervalls corfrRSEBG6s0
with the channel spacing and di sposed parallel wth and{opposite the
channel s and bonds nechanically and electrically connect{ eaCh Tractk—to—thg
el ectrodes on the channel facing walls of the channel &ppnsite t her et o.
and seal the closure sheet to the channels.

ABSTRACT

Multi-Channel Array Droplet Deposition Apparatus.

A multi-channel array droplet deposition epparatus has a base sheet
(10) comprising a layer (12) of plezo-electric material poled normal
thereto, an array of parallel, open-topped droplet liquid cheannels
{11(a)-11(h)) provided by upstanding channel separating walls (13(a)~13(h})
formed in the layer, electrodes (23) on chennel facing surfaces of the
walls, a.channel closure sheet (14) bonded to the walls, nozzles (22)
respectively communicating with the channels and a droplet liquid supply
{21) connecting with fﬁe channéls. the closure sheet having an array of
parallel conductive tracks (16) thereon spaced at intervals corresponding
with the channel spacing and located parallel to and opposite the channels
and bonds (24,28), which preferebly ere solder bonds, mechanically and
_e;gct:mxﬂly'counect'eaﬁh track to the electrodes of the channel facing
;alls‘of-the-chaﬁnels opposite thereto and seel the closure sheet to the

channels. - ' ,

Figure 1
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‘bonds.

13. Apparatus as clained in Caim12, characterised in that
t'he solidus of the solder of said bonds is selected hawi-ng._regard to the
val.ues of the thernmal expansion coefficients to limt I i
strains of the channel closure sheet and said piezoeleggggégggggg ﬂEﬁ
14. Apparatus as clained in Caim112 or Caim13, characterjipgcén t hat
the sol der of - said bonds is an alloy of |ead and/or tin dndAdro&d A8aum
15. Apparatus as claimed in Claim12 or Caim 13, chargctierised in that
t he solder of said bonds is an eutectic alloy including lead and tin.
16. Apparatus as clainmed in Caim112 or Z¥Yaim 13, charactet+sed~in...rLhatj
the solder of said bonds is an alloy which includes silver. 17.
Apparatus as clained in any one of Cains 9 to 16, characterised in that
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parallel, openftopped droplet liquid channels in said base sheet layer so
that the piezoelectric material provides upstanding walls separating
successive channels, forming electrodes on channel facing surfaces of the
walls, bonding a channel closure sheet to the walls, providing nozzles
respectively communicating with the channels and providing means for
connecting a source of droplet liquid to the channels, characterised by
forming said channel closure sheet with an array of parallel conductive
tracks spaced at intervals corresponding with the channel séacing. locating
the channels in position parallel with and opposite said tracks, and .
sealing the closure sheet to the channel walls by forming bonds which
mechaniéally end electrically connect each track to the electrodes on the
channel facing sides of the walls of the channel opposite thereto.

2. The method claimed in Claim 1, characterised by connecting drive
current circuits to the tracks prior to forming said bonds to connect each
of the tracks to the electrodes on the channel facing sides of the walls of
the channel opposite thereto.

3. The method claimed in Claim 1 or Claim 2, characterised by forming
said bonds as solder bonds.

4, 3, characterised by depositing solder

The method claimed in Claim

on either or both the tracks and the electrodes, locating the channels

opposite the tracks and
tracks each to the electrodes of the

of the channel opposite thereto.

forming the bonds to connect the

channel facing surfaces of the wﬁlls



23. _Apparatus as clained in claim22, wherein said glass_or ceramc is

borosilicate glass. 24. °  Apparatus as clained in cl MPL%CEM'E@I%HEET
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S. The method claimed in Claim 4, characterised in that the step of forming the bonds to
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connect the tracks each to the electrodes of the channel facing surfaces of the walls entails heating at least
the solder thereby to cause the solder to wet the tracks and the adjoining .electrodes Thereby to form a
meniscus bridging the tracks and adjoining electrodes and cooling the solder to form said bonds.

6. The method claimed in any prece_ding claim, characterised by
forming said tracks on said channel closure sheet of width approaching. that
of the spacing of the electrodes on the channel facing walls.

7. The method claimed in any one of Claims 2 to 5. characterised by
providing said drive current circuits in a drive chip located on the

o channel closure sheet.

8. The method claimed in Claim 7, characterised by forming said drive
chip by deposition thereof on said closure sheet to provide drive circuit
means connected with said tracks.

9. A multi-channel array droplet deposition apparatus couwprising a
base sheét having a layer of piezoelectric material poled normal thereto,
an arrey of parallel, open topped, droplet liquid channels in said base
sheet layer provided by upstanding channel separating walls formed in said
layer, electrodes provided on channel facing surfaces of the walls, a
channel closure sheet bonded to the walls, nozzles rgspectively

s communicating with the channels and means for supplying droplet liquid to
the channels, characterised in that said channel closure sheet has an array
of parallel conductive tracks thereon spaced at intervels corresponding
with the channel spacing and disposed parallel with and opposite the
channels and bonds mechanically and electrically éonnect each track to the
electrodes on the channel facing walls of the channel opposite thereto. and

seal the closure sheet to the channels.
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19. Apparatus &s claimed in Claim 18, characterised in that said
closure sheet has deposited thereon a layer of crystalline silicon
extending the width of the sheet in the channel array direction and having
formed therein a multiplexer drive circuit having input and output
terminals of which the output terminals are connected to the conductive

tracks on the channel closure sheet.

20. A multi-channel array droplet deposition apparatus comprising a base sheet
having a layer of piezoelectric material; an array of parallel, open-topped droplet liquid
channels in said base sheet layer provided by upstanding walls formed in said layer;
electrodes provided on surfaces of the walls; a channel closure sheet bonded to the
walls; nozzles respectively communicating with the channels and a transverse duct for
supplying droplet fluid to the channels; a defining surface of said transverse duct
having an array of parallel conductive tracks thereon spaced at intervals corresponding
with the channel spacing, each track being electrically connected to said electrodes;
said defining surface comprising a glass or ceramic other than said piezoelectric

ceramic.

21.  Apparatus as claimed in claim 20, wherein said glass or ceramic has a

relatively high elastic modulus compared with that of the piezoelectric material.

22.  Apparatus as claimed in claim 21, wherein said glass or ceramic has an,

expansion coefficient matched to that of <110> silicon.

23.  Apparatus as claimed in claim 22, wherein said glass or ceramic is borosilicate

glass.

24.  Apparatus as claimed in claim 20, wherein said layer of piezoelectric material

is poled normal thereto. i

25.  Apparatus as claimed in claim 20, wherein said electrodes are formed on

channel facing surfaces of the walls.



