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- 1- MANUFACTURE OF I NK JET PRI NTHEADS The present invention relates to ink

jet printing and in particular relates to manufacture oF-r; ! '
pr.inthead cgnponents. In an |nportant exanpl e, the |nvef
parti cebar @ppllcatlon with printheads -of the type in vfii
formed in 5. pol ed pi ezo- elgctrlc ceramc to which a ¢ 1~;~;a ['SEEN i
appl i ed af o HANUFCPURENOFSINKIIEP PRINPAERITSt i ¢ val | act Uaress, ===/
Techni ques have been devel ope e manuf acture of such prlntheads
the fine scale and strlct tolerances necessary for a properly functioning

printer. Reference be di recE ed t anﬁ r& t el evanli
di sclosures in the r%reﬁéf‘ﬁ'inlvgﬂ '9@§8 %? t?Sr‘\n tAINEIRg ek I BRIt g
techni ques, NAWENRI fan0Rctd@ et theapk! ¥t prihfhedld @hpon8htshi gh

In an important example, the invention finds particular

application with printheads of the type in which grooves are formed in
5  poled piezo—electric ceramic to whiéh a cover plate is applied
affording ink channels between piezo-electric wall actuators.
Techniques have been developed for the manufacture of such
printheads to the fine scale and strict tolerances necessary for a
properly functioning printer. Reference WErbe_directed to a number of
10 relevant disclosures in the more detailed desc?r?ption which follows.
Existing techniques, however, do not admit easily — if at all — of high
volume production.
Serial printhead components (that is to say components for
printheads'that are to be scanned across the printed page) are small;
15 typically of the order of 5 to 10 mm and include features of dimension
50 to 100 um. Accordingly, extremely accurate positioning is re'quired
during the various process steps. The use of individual assembly jigs,
which is generally satisfactory for small scale production in which |
skilled engineers are required to perform individual fine adjustments
20 and to maintain quality control, is simply not practicable for
manufacture at high yield at the rate of thousands or mare per day.
For certain ink jet technologies, using photoresist etching of
silicon and similar techniques, it has been proposed by analogy with
integrated circuit manufacture, to conduct processing on a silicon
25 wafer which is subsequehtly diced to produce individual printhead
components.
Thus EP-A-0214733 describes a drop—-on-demand ink jet
printhead produced from components deposited and etched on silicon
at wafer-scale. During assembly, the printhead is constructed from

30 two identical parts, which are diced prior to face to face assembly.
T
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'vol_urre_ production. Serial pri nt head conponents (that is to say conmponents
fof printheads that are to be scanned across tffEprratee—pager=afe shal |,
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5 photoresist layer in which the nozzles are formed
photolithographically. The wafer is then diced to produce individual
printheads. _ _
These proposals are highly specific and are generally not of
assistance with printheads of the construction with which this
-10 invention in the most important example, is concern_ed. Moreover,”
there remain after dicing of the wafer into printhead components, a -
number of key process steps which still demand accurate positioning.
There is still, therefore, heavy reliance placed upon jigging.
It is an objective of the present invention to provide an
15 improved method of manufacturing ink jet printheads, particutarly —
but not exclusively — related to constructions having grooves in poled
piezo-electric ceramic to which a cover plate is appliéd. The
invention is particularly suited to end shooter printhead constructions
and to printheads actuated by piezo—electric shear mode wall
20 actuators. _
Accordingly, the present invention consists in one aspect in
a method of making pulsed droplet deposition heads each having a
predetermined number of droplet liquid channels comprising the steps
of surface area processing on a wafer scale to form a rectangular
. 25 array of bonded head components, sectioning said rectangular array
to form strips each comprising two or more bonded head components
each having the predetermined number of droplet liquid channels in a
linear array; and linear processing of a plurality of said linear arrays
including forming a nozzle for each channel.
30 Preferably, the step of surface processing comprises the steps
of locating a base wafer; forming grooves in the base wafer and

bonding a cover wafer to the base wafer so as to close a portion at
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25 wafer whi ch is subsequently diced to_produee~ TRV dJaI . printhead
conponents. Thus EP- A-0214733 describes a dicep-on-demand i nk Jet print head
prbduaced from conmponents deposited and etched on silicon at wafer-scale.
Duri ng—assenbly, the printhead is constguct ed from 30 two identical
parts, which are diced prior tp face to face assenbly. -2 - The nozzles

hows 5 dr opBR BLeRE PR T e B A el i o
resulting in a soSuitabig the etdp of locating a base wafer utilises edge
registration.
Advantageously, the step of surface area processing further
5 comprises the step of forming, with the same location of the base
wafer as used in the forming of said grooves, a datum formation
defining a datum line, wherein the step of sectioning said rectangular
array comprises forming strips perpendicular to the datum line with
each strip containing a segment of said data formation and wherein

10 the step of linear processing includes the step of registering with said
datum formation segment to assure alignn;ent with said droplet
deposition channels. . N

In one form of the invention, said datum formation comprises a
cut edge parallel to said grooves. '

15 In a further aspect, the present invention consists in a method
of making ihk jet printhead components, each having N parallel ink
channels of length L terminating in respective nozzles, comprising the
steps of providing a base wafer; processing the base wafer to define
n X N parallel groove formations of a length in excess of m x L,

20 where m and n are integers greater than one; providing a cover over
said base wafer in an integral wafer assembly, with the cover serving
to close portions of said groove formations to form channels;
sectioning said wafer assembly along parallel first section lines
perpendicular to said groove formations to form m strips each

25 sectionable along second section lines parallel to said groove
formations to form n printhead components; and applying to each of
the said strips, at the location of a first section line, a nozzle plate to
define said nozzles.

Advantageously, the step of processing the base wafer to

30 define groove formations includes the definition of a datum formation

parallel to said groove formations and positioned such that each of

the strips resulting from the sectioning of the wafer assembly along |
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shoot et " construction of printhead. The cover_is g lamnated 5
phot oresi st layer in which the nozzles are foff iggsRNEQLT LIDOT
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Thé wafer is then diced to produce individual : ® Ibroposal s
arg highy specific and are generally_ IlOL of &esist Val int heads of
the construction with which this 10 nvention in the nost |nportant

'gax,z_irrpl e, Is _concer.ned,. o)) . 8 i t et ol ed the wafer
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5 predetermined number of droplet liquid channels of predetermined
spacing and length comprising: |
(A) surface area processing on a wafer scale including
the steps of:-
(i) planarising the surface area of a rectangular
10 base wafer of piezo—electric material poled in the thickness direction;

(ii) providing a rec_tangalar m X n array of base
components separated by dimensibnally determined horizontal and
vertical wafer dividing lines and forming each component with a
number of closely spaced parallel grooves corresponding to the

15 | number and spacing of said channels in .the surface area of said
wafer in m locations aligned in the vertical direction in n strips
separated by said vertical dividing lines, the length of the grooves
from said horizontal dividing lines in the locations in each strip
corresponding with the length of said channels thereby to afford walls

20 of said material between said channels;

| (i) applying electrodes in relation to said walls by
depositing electrode metal over the surface area of said wafer and
removing metal from the tops of the walls between said grooves, so
that an electric field can be applied to effect shear mode displacement
25 transversely of said walls adjacent selected said channels;

(iv) planarising the surface area of a rectangular
cover wafer of material thermally matched to said material and
forming a rectangular m X n array of cover components separated by
horizontal and vertical cover dividing lines each cover component

30 having a window cut therein providing a droplet liquid supply manifold
to said channels and a corresponding location in regions of each

cover component between the window and said horizontal cover
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pi ezo-él ectric ceramc to which a cover plate is applied. The invention is
particularly suited to end shooter printhead construct ions_and to
print heads actuated by piezo-electric shear figER =R auators

Accordi-rgly, the present invention consigts iim %@(,5 HeldhS BEEN [t hod of

maki ng pul sed dropl et deposition heads each a‘\/l anE @E@term “d nunber

f d | et
onsa. vat or- o Sding R SHIEY heLReh B kAT, I SUERRE, B RF oS! 10

conponents, setéd ivertioad direction &ttreensurface areaof said owamafa@s each
conprising two or nore -bonded head conponents each havi ng the predetern ned

nunber of droplet Iiquid chari¥kpengdingathe ﬁ@&ﬂgme aeas|9friaid b3sBcessi ng
of a pluralitygh sahdadd B6ar Ry bPBIVIY BanEQUEINY Freigerd fo for each

channel .
5 bring the surface extremities of said respective surfaces substantially

into direct contact and holding the respective locations in each said
wafer in alignment thereby to form a rectangular array of m x n
bonded printhead components;
(B) sectioning the rectangular array of bonded
10 components along the said horizontal dxvrdlng lines to form a section
plane having open channel ends normal to sald grooves thereby
forming m strips each compnsmg a linear array of n bonded printhead
components; .
(C) linear processing of one or more linear arrays of
15 bonded printhead components butted end to end in sequence in steps |
including the steps of:- |
(i) bonding a nozzle plate to seal the open ends
of said grooves, the plate extending at least the number of channels
corresponding to one printhead component; and
20 (i) forming nozzles connected with said grooves
for liquid drop ejection at a spacing cor_responding with the spacing of
said channels; and
_ (D) sectioning each linear array of bonded components
along the said vertical dividing lines to form n separate bonded
25 printhead components.
In still a further aspect, the present invention consists in a
method of making ink jet printhead components, each having N
parallel ink channels of length L terminating in reepective nozzles,
comprising the steps of providing a base wafer; processing the base
30 wafer to define n x N parallel groove formations of a length in excess
of m x L, where n is an integer and m is an integer greater than 1,

the section of each groove formation varying along the length thereof
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30 ‘ Preferably, the step of surface prgsessing o rises the steps
of locating a base wafer; form ng grooves in '?h ‘\ A g
cover wafer to the base wafer so as to close a [j
each greove, thereby to formdroplet degpsition Cranas
step of locating a base wafer utilises edge regi stratlon“ Ao [

the step of syihap@ridtRfy RiPECASIchSed ErébRS ségment§0ﬂ$ﬂ@|wcﬁﬂgaib@vat ep of
formng, with the sanme [Tocation of thé base wafer as used In the form ng of
sai d gr ooves, overdseid haserwaler om an integral wafer assembly, with the cover

serving to close portions of said groove formations to form channels
separatéd by channel walls; sectioning said wafer assembly along

5 parallel first section lines perpendicular to said groove formations to
form m strips, the first section lines alternating odd and even with said
groove segments; applying to each of the said strips, at the location
of a first odd section line, a nozZle plate to define said nozzles; and,
where n is greater than 1, sectioning each strip along second section

10 lines parallel to said groove formations to form n printhead

~ components. ' -

Preferably, each groove ségment has a?:ljacent the even first
section lines a region of reduced wall height, accommodating
electrical terminations for the respective channels and/or serving

15 for the supply of ink to the respective channels from a common
source of ink.

Suitably, the region of reduced wall height is formed by
reducing locally the depth of the groove formation. '

Alternatively, the region of reduced wall height is formed by a

20 trench extending perpendicularly of the groove formations.

In still yet a further aspect, the present invention consists in
an ink jet printhead comprising a base including piezo-electric
material and having parallel grooves formed therein to define ink
channels separated by active walls; electrode means for the

25 application of electric fields to selected ones of the active walls; a
- cover secured to the base in a manner as to close the ink channels
over a working channel len'gth; a nozzle plate defining a nozzle for
each channel at corresponding respective ends of the channels; and
ink supply means for the supply of ink to'the channels; characterised
30 in that a trench is formed in the base extending perpendicularly of and
communicating with the channels, said trench defining an ink conduit

eeciibaiilinasibbnlt ook
within said ink supply means.
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definihg a datumline, wherein the step of sectioning said rectangul ar
array conprises formng strips perpendicul ar to=the=datum:l.ine.mith each
strip containing a segnent of said data f or mat i pi-ahdr whergiznzd0, || the
step of— inear processing includes thestep of tegl stRERIACED t h se};i d datum
fﬁrmat:on ]segrrent to assure alignnent w th sai adropret—gepostion

‘channel s n one t t onpri ses a
cué edge parall elfﬁ%r@g Jbg'?gg'\%fw YeDBesMell 87 \Mér? gpfgrafnkfg? bgsggct t he
present i nveeférencedoshstfslldwing diagrafds;oof whloh‘.lg ink jet printhead

conponents, each havin aral | el k,ch | f : :
respective nozzl eE'gUé%apy" WHGN FEP gaﬁﬁylﬁqﬁﬂsﬁ‘\&gﬁ? 5/ ﬂtg et %Pep?t' ng 1n

Processing tfig BRGNS ShpiiAng o SFgid skl PR 8t bRhtrERYecilamgeai ons of a

| ength in exces
5 printhead base into which parallel grooves are formed, a circuit board

with connection tracks, a cover component and a nozzle plate;

Figure 2 illustrates the printhead of Figure 1 after bonded
assembly of the cover, the nozzle plate and the circuit board
components to the printhead base, thereby forming a bonded

10 printhead component;

Figure 3 shows a rectangular base wafer comprising a
rectangular array of printhead base componenfs' into which parallel
grooves are formed to provide ink channels in each component,

Figure 4 shows a rectangular cover wafer camprising a

15 rectangular array of printhead cover components in which windows for
supply of ink and slots providing access for wire bonding to the
connection tracks are formed;

Figure 5 is a vertical section through a cover wafer;

Figure 6 is a vertical section through a base wafer; |

20 Figures 7 and 8 are vertical sections through a bonded wafer
assembly at different process stages;

Figures 9 to 12 are longitudinal sections through a linear array
'of printhead components;

Figure 13 is a vertical section, similar to Figure 5, through an

25 alternative cover wafer;

Figure 14 is a vertical section, similar to Figure 6, through an
alternative base wafer for use with the cover wafer of Figure 13; and

Figures 15 and 16 show the cover and base wafers of
Figures 13 and 14 bonded together at respective, different process

30 steps.

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

printhead 8 incorporating piezo—-electric wall actuators operating in
-
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20 where mand n are integers greater than one; providing a cover over
said base wafer in an integral wafer assenbly, wt -CQ)
cl ose’portions of said groove formations to formc [BTerS==seaiio 10
waf er assenbly along parallel first sectgan |lines pk ﬁ&@’riEwn‘aAstB@E' jd
groove formations to formmstrips each 25 sectd %ﬁé?ahoag secoid
section |inesshedaraioele. tib coriptispscm basé aompomert 1hof piedorefEdt-head
cor’rbonents and apply to each of the said strips, at the Iocat on of a
first secti onmatedal aplﬁaza tae Bnigkressdiestion %apuernmpegentqa 8eousl vy,

the step of PRESASSIAR 14° AeRs VALl 18 i9iso i ARLHARBIONES O Tl Tons

I ncl udes the on of or matt o sal d groove

formati ons angomesdtidronackss U8 Hoit Applicain @ffelbbﬁ‘tc&! 6ighaly fsrudrobng from the
sectioning of the wafer assenbly al ong
5 ejection from the printhéad.

The base component 10 is formed with a multiplicity of parallel
grooves 20 formed in the sheet of piezo-electric material, as
described in US-A-5016028 (EP-B-0364136). The base component

" has a forward part in which the grooves 20 are comparatively deep to
10 provide ink channels 22 separated by opposing actuator walls 24. -
The grooves rearwardly of the forward part are corhparatively shallow
to provide locations 26 for connection tracks 28. After forming the
grooves 20, metallised plating is deposited by vacuum deposition in
the forward part at angles so chosen as to cause the plating to extend
15 approximafely one half of the channel height from the tops of the
walls, so providing electrodes 30 on opposing faces of the ink
channels 22. At the same time the electrode metal is deposited in the
rearward part in the locations 26 providing connection tracks 28
connected to the electrodes 30 in each channel. The tops of the
20 walls separating the grooves are kept free of plating, either by lapping
or as in US-A-5185055 (EP-B-0397441) by initially applying a
polymer film to the base 10, and removing the metallised plating by .
causing removal of the film. After application of the metal
electrodes 30 the base component 10 is coated with a passivant layer
25 for electrical isolation of the electrodes from ink.

The cover component 12 illustrated in Figure 1 is formed of a
material thermally matched to the base component 10. One solution
to this is to employ piezo—electric ceramic similar to that employed for
the base so that when the cover is bonded to the base the stresses .

30 induced in the interfacial bond layer are minimised. The cover is cut
to a similar width to the base componént but shorter, so that after
bonding there remains a length of the tracks 28 in the rearward part

/
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-4- said first section Iine contains a segnent

i— i he_.dat-um.f_atma.t |

on
 furt her

providing registration with the channel s of t haf 2 55’";9 ibmﬂl:“
aspect, the present-invention consists in a met}] o %igh @%ﬁﬁ‘% }d dr opl et
deposi t+en apparatus having a 5 preglet er m ¥ dreai._"t

liquid

channel s of predeterm ned spacing and | ength conprising: (A) sSuUrTace area

processi ng ognéoverbérfosbahded miteudomyedtiomsstoete odnnedtion trackaiBsi ng t he
surff ace area of a rectangul ar

10

18

20

25

30

A window 32 is formed in the cover which provides a supply manifold
for the supply of liquid ink into the channels 22. The forward part of
the cover from the window to the forward edge 34 is of length L as
indicated in the diagram. This region when bonded to the tops of the
walls 24 determines the active channel length, which governs the
volume of the ejected ink drops.

The base component and cbver component are illustrated after
bonding in Figure 2. The method of bonding is discloéed in
co-pending international patent application PCT/GB94/01747.

Particular care is taken by attention to the Machining tolerances of the |

forward edge 34 of the cover component 12 and its alignment with the
corresponding edge of the base component 10 and by the design of
the assembly jig to ensure that the front faces of the bonded
printhead component 36 are held co—planar for attachment of the
nozzle plate 14.

The nozzle plate 14 consists of a strip of polymer such as
polyimide, for example Ube Industries polyimide UPILEX R or S,

" coated with a non-wetting coating as provided in US-A-5010356

(EP-B-0367438). The nozzle plate is bonded by application of a thin
layer of glue, allowing the glue to form an adhesive bond in contact
with the front face of the bonded component 36 thereby forming a
bonded seal between the nozzle plate 14 and the walls surrounding
each channel 22 and then allowin§ the glue to cure. After application
of the nozzle plate, nozzles are formed in the nozzle plate connecting
into each channel 22 at the nozzle spacing appropriate to the
printhead, as disclosed in US-A-5189437 (EP-B-0308146). The
number of nozzles and ink channels in a serial printhead is
typically 50-64. The nozzles 38 are indicated in Figure 2. |

After assembly of the bonded printhead component 36, the
circuit board 16 is bonded to it to provide connection tracks 18, and

bonded wire connections are made joining the tracks 18 to
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10 base wafer of piezo-electric material poled in the thickness
direction; (ii) providing a rectangular mx n afff Il dso-conponent s
separ ated by di nensional |y deternined horizont ajf’ Ti*‘b“afﬁ.ﬁB_ G :
di vidinmglines and form ng each conpongigt-w th B HCHY osel .’fspaced
paral |l el grooves corresponding to the 15 nunber and spacing of said
channel s i n ddreesparidiog caneactidn sraicks \&8 &y tHenrearivacd paont tile bassl i n t he
vertical. direction in n strips separated by said vertical dividing |ines,
the | ength dOMRRNERLH-es from said horizontal dividing lines in the

| ocations in eaChTﬁérqu’ltlggécﬁ %Wémc?gﬁé?“é%Hbﬁg?& Q/if?\f inﬁ?‘é channel s

thereby to afford wal sal eri a ween sai d channel s;

(iii) applyideratet withdasitable veltay e aighalssaa dheatdckshys, deesidriety el ectrode
metal over the surface area of sald wafer and .
5 for use typically, when traversed either normally or at a suitable angle

to the direction of motion across a paper printing surface, to print a
single line of characters at a time of height about one sixth to one
-tenth of an inch.
Accordingly it will be realised that the components above are
10 generally very small, typically the size of a finger nail, and that the ©
details described are so small that they can only be inspected under a
microscope. At the same time the component is designed for mass
manufacture under clean conditions in quantities of thousands up to
tens of thousands per day where it will be seen that it is difficult to
15 handle single small precision components ih such large quantities
under clean conditions with a high rﬁanufacturing yield.

The piezo-electric ceramic material used in the construction of
the printhead is available in wafers of the order of 10 cm in size. It
has therefore been a desirable process objective to develop a method

20  of wafer scale manufacture, whereby appropriate sub—components of
the printhead are capable of manufacture and bonded assembly on a
wafer scale. In accordance with this invention the wafers are then
divided into linear arrays of printheads butted end to end and are
subjected to linear processing in processes such as bonded

25 attachment of the nozzle plates, nozzle -forming, wire bonding,
electrical performance testing, cleaning with flushing fluids, filling with
ink, before being separated for use.

On such a scale the production is reduced to manageable
proportioné so that for example the production of 10,000 serial

30 _ printheads in one day demands a total wafer area of up to 0.5m?
involving typically one hundred wafers during the wafer processing

stages and a few tens of metres of linear length of printhead array
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renoving netal fromthe tops of the walls between said grooves so that an
el eéctric field can be applied to effect shear nodfFe=SstEasesnal..
transversely of said walls adjacent selected said cﬁﬂﬁr%*%? PQAS‘/%EEN .
pl anaristng the surface area of a rectangular covgr vvafféEPloéﬁcmtem L.
thermally matched to said materi al andformnga"' & =gl ray Of
cover conponegusingeharliead pbtycémmgstapa;laaiaq vertical cover dividing |ines

each cover conmponent . 30 ving a wi ndow cut therein rowtg.‘C a dropl et
liquid supply mani f'blsd"eLCng%?ie IBHARRIESeBLAVENEQR { p‘ﬁﬂﬂﬂp H%q Fn in

regi ons of - eagh LAV LAANBAT 8B PUHeHRE LiliBBd Wt GWaraRds s Bohelzont al

cover

assemblies, enables the handling and processing of individual
5 printhead components to be kept to an absolute minimum.

- Returning to the drawings, a rectangular base wafer 110 of
thickness poled piezo-electric ceramic carrying 14 x 14 base
components 10 is illustrated in Figure 3. The base wafer 110 has
straight edges 102 and 104 used during wafer scale processing for

10 alignment by locating the wafer in each processing step in contact
with three dowel pins 111. One edge 102 is placed in contact with
two pins in the process jig and the section edde 104 is pressed
against the remaining pin. By this means the wafer is located in the
jigs used for wafer scale processes such as fofming

15 grooves 120 to provide ink channels, bonding the base wafer 110 and
the cover wafer 112 (shown in Figure 4) in alignment, and sectioning
the wafers after bonding to form linear arrays of bonded printﬁead
components 136.

The base wafer is illustrated in Figure 3 divided into regions

20 defining a 14 x 14 rectangular array of base éomponents 10 by an
overlay of horizontal and vertical chain dotted lines 106 and 108. The
horizontal chain dotted lines represent the dividing lines along which
the rectangular bonded wafer arrays are sectioned to form the linear
arrays of bonded components 136. The vertical chain dotted lines

25 represent the dividing lines along which the linear arrays of bonded
components may be sectioned subséquent to completing the linear
processing steps such as nozzle forming, electrical connection and
testing of the bonded component. The locations of the chain dotted
lines in the wafers 110 are dimensionally determined by locations in

30 the jigs (not shown) containing the three dowel pins. .

The base wafer component is subjected to a series of

processes performed on a wafer scale to form a rectangular array of
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-5 - dividing lines in n strips in alignment wjEE ; i ndows
insthe vertical direction in the surface area df Ty $HEET B SVBIEN |, (V)
bondi'ng the mating surface areas of said base er_ K& LGER covel]. waf er by
appl yi#g adhesive and pressure to 5 _ 12 bring tHe=SUfface extremties of
said respective surfaces substantially into direct contact and holding the
respective Ipgatésmponentsdch Topidalgfafter poling, ghetbaset wafeghby inialiyr m a
rectangul ar array of mx n bonded printhead conpo ths; B) sectioning the
rect angul ar lapped toplanenige @ngdomake %ﬁﬂ%‘n’@ﬁt@cﬁﬁd%é Ft’(éafgéia@dh%ri zont al

dividing || nehahe: hoh I BeBRel KO RPhaRs Sesidtanelh gapnl s nor el to

sai d grooyef ng mstrips each conprising a |li1near array of n
bonded printrpaB-0397441). Next a multiplicity of parallel grooves 120 are

5 formed in the wafer — for example by sawing or dicing with a

diamond/metal dicing blade - to provide grooves in the area of each
base component 10 corresponding to those described by reference to
Figure 1 which provides ink channels 22 separated by opposing
piezo—electric actuator walls 24.

10 " As best seen in the section of Figure 6, the base components
are arranged in pairs symmetrically on either side of the horizontal
dividing lines 1086, so that the grooves in‘the forward part — which are
comparatively deep to provide ink channels 22 - are continuous
between the pairs of components in horizontal linear arrays numbered

15 1&2, 3&4, 5&6, ...... 13&14. The grooves in the rearward part — which
are comparatively shallow to provide the locations 26 for connection
tracks 28 - are continuous between the pairs of components in’
horizontal linear arrays numbered 2&3, 4&S5, ....... 12&13. The vertical
section profile of the grooves is shown in the wafer section in

20 Figure 6. Thus the closely spaced parallel grooves are continuous in
the vertical direction in 14 strips divided by the vertical dividing
lines 108 and extend substantially the full vertical dimension of the
wafer. Each groove is formed in one pass varying the blade depth
during its passage along the groove. In the periphery of the wafer is

25 shown a kerf of wafer material which protects the inner working region
from becoming chipped during wafer handling and does not form part
of the array of base components 10. The wafer 110 is located by
dowel pins in the sawing jig against edges 102 and 104.

As will become evident, it is desirable in certain of the

30 subsequent processing steps — particularly those conducted on linear

arrays — to provide assured registration with the grooves that are cut

in the wafer scale processing. This can be achieved by the formation,
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corrpon‘ents; (© linear processing of one or nore 1'
bonded print head conponents butted end to end in § e

i ncluding the steps of:- (i) bonding a nozzle pl ate To Sear=the=op ends -
of . saieé-grooves, the plate extendi ng at13 east the nunber of channels
correspondi ng to one printhead conponent; and 20 ' (i)
“form ng nozzkigsultaneteshewitv the graodegr obresertioal datgm eéddepfhatjiedoi on at a
sphcing corresponding with the spacing of said channels; and (D) sectioning

each |inear 8aY&N eA0ENRNAIRDPESAAN(S HETgoVRe JRIBISVWAYICII di vi di ng
lines to formn senanal GHAAHRMWARr is sUbseYLRARY FABBANARY fnear

arrays, each array or strip retains a portion of the_datum edge. For

5  any one of the strips, therefore, registration with the datum edge will
assure registration with every channel in that strip. The importance of
this feature will become clearer as the linear processing steps are
explained.

| The datum edge may be formed as a cut through the entire

10 wafer, for exampie removing the kerf at an edge remote from the °
locating pins. Alternatively, the edge may be formed as a recess
serving as the weakening line for a subsequerit breaking operation or
as simply a datum formation. In a further alternative, a datum edge is
formed, not simuitaneously with the grooves, but in a subsequent

15 operation which preserves the same location of the base wafer that
was used for cutting the grooves. As will become apparent, this is the
alternative employed in the presently described embodiment.

After forming grooves as described above and cleaning,
electrode metal is deposited as described above by reference to

20 ~ Figure 1on a wafer scale, following which the polymer material on the
tops of the walls is removed, and an electrical passivating layer is
deposited over the wafer covering the tops of the walls and the sides
and the base of the grooves providing an insulating coating to isolate
the ink in the ink channels from the electrodes.

25 In the metal deposition step however a mask is placed along
the horizontal dividing lines 106 which divide the grooved ends of
component pairs (i.e. the horizontal lines between linear arrays 1&2,
384, ...... 13&14) so that the metal is deposited short of the ends of
the channels after dividing into horizontal arrays. After passivation

30 and cutting along the horizontal dividing lines the plating is then

concealed so that is not exposed at the cuts ends of the channel
\
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In.still a further aspect, the present invention cgagists.in.a nethod of
making ink jet printhead conponents, each having Ak Skl | WakYa)

lengt’h L terminating in respective nozzles, conprifi
provi drmg a base wafer; processing th.e-;b;ase 30 - ne.n
paral l el groove formatlons of a length in excess of mx L, where nis an

integer and mis athébagsivatosatel al maskls sirifarbe iddated Qforfgatﬁb groove
f of mati on var%@rg al ong the | ength thereof -6 - with alternating mrror

reversed groalernate ienzentahdividingriipes oG avhidv gividaithie raskedansls ¢h an
integral waf Sém%%?\%m’b&rsv& é hth hﬁor‘f?on%al lines between linear arrays 1,

28&3, 445, ...... 12&13, 14) so that the connection tracks are not
5 coated with passivation at their ends to enable a bonded wire

connection to be made after cutting into horizontal linear arrays.

A corresponding rectangular cover wafer 112 is shown in
Figure 4. This is similarly bounded round its periphery by straight line
edges 142 and 144 used for locating the cover wafer against

10 corresponding dowel pins in the dimensionally critical wafer process
steps. For example when the wafer edges are pressed against dowel
pins provided in a jig, notional horizontal and vertical dividing lines
which are dimensionally determined in the jigs form an overlay which
divides the wafer into a rectangular array of '

15 14 x 14 regions each containing a cover component 12. The
horizontal and vertical dividing lines are illustrated in Figure 4 by
horizontal and vertical chain dotted lines 146 and 148.

Typically the cover wafer 112 may be a PZT wafer of similar
but thinner material than the base wafer 110; or may be a wafer of

20 borosilicate glass, or a low thermal expansion glass—ceramic such as
cordierite or alumina, or any other material whose thermal expansion
coefficient closely matches that of the base component. Initially the
cover wafer is lapped or otherwise planarised. The caver wafer is
then cut using process equipment such as a laser cutter in which a

25 laser beam is steered to correspond with the dimensions specified.
This process is carried out in a jig by locating the wafer at its wafer
edges 142 an.d 144 against dowel pins. Machining by milling may
also be adopted, as may ultrasonic machining. This technique
involves ultrasonic vibration of a hardened toal piece in an abrasive

30 slurry of, for example, boron carbide. In the co-ordinates provided by
the jig, the wafers are cut so as to form the windows 132 aligned in a

vertical and horizontal array and the horizontal slots 128. The
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servi n@ to close portions of said groove fornatj _to_formchannel s
separated by channel walls; sectioning said vvafr}gﬂg _ g A< =

parallel first section Iines perpendicular to sgi ‘Zf&ﬁrﬁiEEN\‘ s to |
formmstrips, the first section |ines 1 ternatt Ellen_wilf h said
groove segnents; applying to each of the said strips, at f = on of a
first odd secpasing and functienzof epvindewso1 3R BNEtheFlats Wil Pes: and, where n

i s*greater than,l ctioni P, a ; | 40 | i nes
paral Lol 1o SapiAppd ST ik FEREal SEeRTLNIE SafRag Rettea )
Preferably, egaglirggboove segnent has adj acent the even first section lines a
regi on of reduced wall height, accombpdating electrical termngtjons for
the respective chatftel forming windaws imthelsover, thetopshef ipWaIS& Nk to the

respectjve channels froma co n . .
P § q)ase component aré cI o“a' [{ed with a bond material, and the cover

component is aligned and brought into contact for bonding with the
base component. The bonding process which is disclosed in
co-pending international application PCT/GB94/01747 is also suitable
for application at wafer scale.

10 . Glue can be applied using an offset roller, with the rate of
application being goverhed by the depth of dimples provided on the
roller. There can be advantage in applying different depths of glue or
different formulations of glue, in different locations across the wafer
structure. For example, a relatively thin layer of epoxy material can

15 be applied on the top of the actuator walls 20 and a relatively thick
layer — typically of silica—loaded epoxy, applied on the shallow
grooves 26 on which the tracks 28 are formed. It is convenient to
employ different rollers, each corrésponding to a particular glue
formulation or glue depth. Each roller has dimpled regions

20 corresponding with those areas on the wafers in which the roller is to
be effective and is recessed in other regions. Glue can be applied to
the base wafer alone, the cover wafer alone or to both the base and
the cover wafer.

The thicker layer of glue placed in the shallow grooves which

25 form the locations 26 for the tracks 28, serves to effect a,seal. The
silica-loaded enhances giue viscosity and thus reduces the tendency
for glue to flow outwardly in @ manner which would obstruct a
subsequent wire bonding. If difficulties are nonetheless encountered,
migration of glue along the track, beyond the confines of the caver

30 wafer can be prevented by the application to the outer regions of the
tracks, a blocking agent which has a low surface energy. Application

of the blocking agent can similarly be conducted using a roller and
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source of ink. Suitably, the region of reduced wall.height is formed by

reducing locally the depth of the groove fornati oj. cgat, ), {~yijhE
regi on of reduced wall height iis formed by a 20 0|' Tﬁ%ﬁj&éﬁ%g]
perpendicul arly of the groove formati-ong.—In stili=yet-a-fariher aspect,
the present invention consists in an ink jet printhead conprising a base
i n¢cl udi ng pirentovdl @f ta suitainie evatet—askdbldckihgageht ean dreoeffectetidryred
thérein.to define ink channel s separated by active walls; electrode neans
for the 25 IMMEESPN PudpoiONéFetWateric fields to sel ected ones of the

active walls; ac | cl ose the ink
channel s over a mgpﬁﬁﬁmrﬁgﬁﬁ Eaﬁr%tb%;gégN%%zr?ﬂe@g?gdﬁiﬁ%i ng a nozzle
for each chaametoatarmbtiiecspaardivater D89t édgends apid 144 arbadigeles; and

5 in the bonding jig against dowel pins. By this means the notional

dividing lines 106 and 108 which divide separate base components in
the base wafer are brought into alignment with the dividing lines 146
and 148 which divide separate cover components in the cover wafer.
The bonding process involves pressing the components together by

10 pressure, typically SMPa, to cause the bond material between the -
planarised faces of the wafers to flow and to allow the faces to be
brought substantially into contact. The press isthen heated allowing
the bond material to flow again and to be cured to form a rectangular

- array of 14 x 14 bonded printhead components 136. Ina

15 modification, the press plates are heated before being brought into
contact with the wafers. This aveids any risk of thermal expansion of
the press plates, whilst in contact with the wafers, causing cracks or
other damage. An alternative solution is to employ low thermal
expansion press plates, such as made from borosilicate glass sheets.

20 To ensure that a uniform bond thickness is achieved over the
entire wafer, it is desirable to provide one press plate which is rigid
and another which has a degree of resilience. This can be achieved
for example by the use of an elastomeric pad. The degree of resilient
deformation necessary to ensure uniform bond thickness is typically in

25 the region of 20 microns. It is found that an elastomeric pad having a

| dimpled structure is better than a flat pad, providing 20 micron
deformation at 5 MPa.
The above process in which printhead components are bonded

by applying a bond material, and pressing and heating the

30 components in a wafer scale has the advantage that, as a larger
number of parts are processed at one time, longer periods can be

afforded to complete the bonding cycle than is available when
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I nk supply nmeans for the supply of ink to the chg
in,that a trench is formed in the base extendi ngiTgTg
comuni cating with the channels, said trench defjjr
sai d ink supply neans. -7 - The inveption wi [Enaw

of exalrrp:jedby reference to the foll ow ﬁg “di agr ans, of “whi ch: Fi gure 1 shows
‘an expl oded ,vie GNP leS i ngl e

seni al ink j d\;%é ?}{‘ﬁ ﬁgﬂ%ﬁ(u%pééﬁﬁg5 %@k%&%@as@%ﬁ?&smgch

paral | el grqe¥escare Lfsﬂer loRdr bored cating tompietatures. This helps to both

limit the peak temperature selected to initiate and execute a cure

cycle and ensure that complete polymerisation of the glue has

5 occurred. A lower bond curing temperature also reduces the
problems of thermal expansion coefficient mismatch, thus increasing
the range of materials that can be used for the cover.

With the wafer assembly remaining in contact with the dowel
pins, the kerf from both the base and cover wafers is removed along

10 the vertical edge remote from the dowel pins. This creates the
previously mentioned datum edge or formation which extends parallel
to - and in precisé registration with — the grooves cut in the base
wafer. If desired, the kerf can at this stage be removed from the
horizontal edge remote from the dowel pins, forming a subsidiary,

15 horizontal datum.

As shbwn in Figure 7 the windows 132 now provide apertures
for an ink supply manifold to supply ink to the channels 22 of each
printhead component. There may, if necessary, be more than one
window per printhead component. Also, the half depth windows

20 defined by siots 128 in the cover, bridge the locations 26 for the
connection tracks 28, where the electrodes 30 of the channels 22 in
each printhead component are connected by wire bonding. These
half depth windows are at a later stage sectioned as in Figure 8 to
expose the connection tracks prior to wire bonding. Between the

25 windows 132 and the adjacent horizontal dividing lines, there is a
length L. of the cover component bonded to the walls which controls |
the active length of channels in the wafer component. The covers on
the other side of the horizontal dividing line are located symmetrically,
so that the distance separating pairs 1&2, 3&4, ...... 1'3&14-.of the

30 windows in the vertical direction is 2L.. The windows are dimensioned
similarly to the manifold windows explained by reference to Figure 2.

The array of bonded printhead components 136 is also
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Wi th connection tracks, a cover conponent and a nozzl e pI ate; Fi gure 2
Il fustrates the prlnthead of Figure 1 after bondedsasss af: '

the nozzle plate and the circuit board conponents _-q?l—n@ngme
thereby form ng a bonded 10 print hegd conponent; F| g;g.*:e_A@;pf;jﬂws :
rectangul ar base wafer conprising a re ga‘ngul ar arvroyFr—ot-pr-pthesd-le

‘conponents | ch r nk channel s

I nveach cor‘rﬂ@‘r‘éf:ﬁv¥g Pdpgé%gg%%g t;rﬁge E%%o%g?ﬂmﬁgfﬁgonprl sing a 15
rectangul ar g Rntaf lifkidrdrhapef e@n‘? n@ﬁf@cpaerﬁrsseanomptdmesnMpm for supply
of ink and slots providing access for wire bonding to the connectlon tracks
are fornmed; ¥Yg@ndkSS Hlslsta’amm tlgure &t Figurerd 80 gte@iofodéis dapestion

through the windows 132. Figure 10 on Section TT illustrates the

5 channel section. Figure 11 on Section YY shows the view of t_he
printhead components as seen on the nozzle plate bonded to the cut
ends of the ink channels. Figure 12 on Section SS is a section on |
the connection tracks 28 showing the base wafer 110 and the half
depth window 128 in the cover.

10 : After bonding, the rectangular array of bonded printhead
components is sectioned along the horizontal dividing lines to form 14
linear arrays each comprising 14 bonded printr{éad components joined
laterally at the vertical dividing lines, typically by means of a diamond
impregnated dicing saw. One set of alternate section lines is cut

15 through the slots 128, giving access on either side thereof to the
connection tracks 28 for electrical connections. The other set of
alternate section lines forms a section plane 34 through the open
‘ends of the channels in the printhead components on either side
thereof, the length of the channels being the distance L from the

20 section plane to the windows 32. Advantageously the quality of the
section plane at this end is suitably planarised for the applicati‘on of a
nozzle by bonding as indicated in co-pending international patent
application PCT/GB94/01747. To reduce the effects on the planarity
of this section plane of edge wear in the diamond impregnated dicing

25 saw, it is preferably arranged that the saw projects a substantial
distance through the bonded wafer.

The bohded wafer is located in the dicing jig during the wafer
sectioning process by three doweis similarly located against the wafer
- edges to locate the horizontal dividing lines along which the bonded

30 wafers are sectioned. In this way, registration is assured between the

channels and the horizontal dividing lines. Alternatively, if preferred,

registration can be achieved using the horizontal and vertical datum
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Figure 6 is a vertical section through a base waf.er; 20 Figures 7
and 8 are vertical sections through a bonded wafer assenbly at different

process stages; Figures 9 to 12 are |ongitudinal seg oSS CHEOT a1 ar
array of_printhead conponents; Figure 13 is a vertic‘;’j”’Eec E—T 4585 ‘to
Figure 5, through an 25 al t er nat rvE9 cover wafer;?j j AALED, '

vertical section, simlar to Figure 6, through an al'ternative base warer
for« use witHe49RS.cover wafer of Fi gure 13; and Figures 15 and 16 show t he

e b b s B S e P
per spect i ve wéllsioniyn&fterethe bonding of the cover wafer, means that the
likelihood of chipping or other damage to the wall surfaces, is much
5 reduced.

Although the description provided above with particular
reference to Figures 3 to 12 relates to a rectangular array of wafer,
cover and bonded printhead components comprising a 14 X 14 array
of parts, it will be realised that these numbers are for illustration only

10 and a smaller or larger wafer may be employed. It will usually be '
preferable however for the vertical wafer dimension to be chosen so
that an even number of linear arrays of compon-énts are adopted, so
that opposed pairs of components are. made in the vertical direction.
There is also freedom to vary the companent dimensions in the

15 vertical direction according to product design. The dimensions are
made greater in the vertical direction, in order to generate larger
drops, or smaller, if the drops are smaller when operation occurs at a
higher resonant frequency. When such changes are implemented
there is greater or less number of components in line in the vertical

20 direction in the wafer. '

Also the components have been described as printheads of
width typically one sixth to one tenth of an inch (4-2.5mm) but
printheads may be wider, if for example they are mounted at an
angle, to increase the print density, or to print over a wider width. In

25 the limit the component width is limited to one printhead component in
the linear array, by the wafer width. However several components
may be butted together and bonded to a common cover component to
form an array of butted components wider than one wafer as
disclosed in co-pending patent application W0O/91/17051.

30 The step of sectioning the rectangular array of bonded -
printhead components is the final process step carried out on a

rectangular array of bonded components. After forming linear arrays
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printhead 8 incorporating piezo-electric wall actuators operating in -8- .
shear node. It conprises a base conponent 10 of -jgzg_glecLLlc materi al
pol ed-in the thickness direction, a cover conp; '

iz s2and—a—nezzl'e plate
14. A circuit board 16 is also illustrated whi flh MASHBATeES Bpant ] acks 18
for application of electrical signals™fof ~drop/ib=-.- f"%_'[mﬁflmn frgmthe

printhead. T base,.c 0 or ned =t paral | el
graeoves 20 f&s%Bf'PWe%ﬁpc"gﬁgé?&%P %%%eacé%g‘he%&. al,. C¥ibed in

US- A- 5016028 JrrirelBOfined eadh SinBas arey WNGdbably require mounting in

a suitable jig for these linear processing steps, there is of c_:our_se an

n-fold reduction in the number of jig loading and unloadimg -

5 operations. Imporfantly, the retention of a datuh edge on each array
which derives from the wafer—scale groove cutting operation,
considerably simplifies registration. Thus each Iine'a'lr processing step
which requires registration with the grooves and thus the ink channel
locations, can simply be orientated with the datum edge at an end of |

10 the linear array. . '

One of the most critical process steps for the maintenance of
print quality is nozzle formation. Nozzle formation is preferably
performed by laser ablation as described for example in
US-A-5189437 (EP-B-0309146) after bonding of a nozzle plate to '_

15 the printhead.

In aécordance with a preferred feature of the present invention,
an extended nozzle plate is bonded along the entire length of the
linear array. The fact that the nozzle plate abuts a cut surface of the
bonded base/cover wafer assembly, m.eans that the necessary plane

20 surface is achieved with minimal additional processing. With the
nozzle plate bonded in position, preferably using the techniques
disclosed in co-pending international patent application
PCT/GB94/02341, nozzles are formed by laser ablation. Reference is
directed in this regard to EP-A-0 309 146 and PCT/GB93/00250.

25 Correct registration between the newly formed nozzles and the
channels (which are not easily visible at this stage) is ensured by
locating the strip of components in the laser ablation equipment,-. by
reference to the datum edge at one end of the strip.

The size of the typical nozzle apertu're is such that greaf__care

30 is necessary to exclude particulate matter from the ink channels.’ In

the working printhead, this condition js maintained by a filter

positioned over the ink manifold. It is also necessary, however, .td-i-.
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has a forward part in which the grooves 20 are conpgeatively
provi de i nk channels 22 separated by opposing act uaf

’.’ommeé,b BT et
grooves rearwardly of the forward part are conparatijvely ﬁh’%k@@\gﬁg’fﬁr pvi de

| ocatiaons 26 for connection tracks 28. ter formn
met al | i sed plating |s deposited by vactu dep05|t|on in the forwar p rt at
-angl es so chosen as at n xtend mately one
half of the cRBAH& ! |r8hFPa'%FHPﬂ%?ﬁgs'fi8S ﬁemﬁaF%%Ct”%g%E@é‘f i ng

el ectrodes 30ré?ﬂaﬁﬁpiﬂsth89nk%‘?ﬁﬁn%f aﬁB?tﬁé‘ho&E@”ﬁl@iéaﬁa filkdr Have beew tinme
the el ectrode netal 1s deposited in the rearward part in the |ocations 26

provi di ng conaéded.orintaraaksngemammaeacedrda:nqmmtbltbetpreaeet Byentionait h

channel. The to of the ooves pt free
of pl'ating, - cPSRIMeE,PIIP A Bruray 108 ek sibob el raBhST ety
initialgy apptyhLAd fiiters over the ink manifolds provided by the windows 132.

Then, it is possible to flush all the channels forwardly through the

filters and to secure the nozzle plate in position with the assurance
- that no particulate residue is trapped between the filter and the nozzle
plate. ~ _

10 . Following nozzle formation, electrical connections are made
with the tracks 28 on the rearward section of the grooves in each
component. Linear processing is again applié—d- either as wire bonding
or soldering, or by applying a chip to the tracks 18 in the form of a
solder bump process. In an operation such as wire-bonding, there is

15 a considerable efficiency arising from the assured accurate
registratioﬁ of all channels in the linear array, extending over many
eventual printhead components. Once registration with the datum
edge has been achieved, wire bonding over the entire array can
proceed rapidly.

20 Following electrical connection, voltage signals may be applied
to the printhead to test the integrity of the printhead. 8

There are a substantial number of tests that may be applied to
test the integrity of the printhead either without or with ink (or an
alternative test liquid) in the printhead. Included in the electrical tests

25 without ink fiuid are tests of the capacitance of the wall actuators, and
the impedance or phase at the mechanical resonant fréduencies of
each wall actuator. As regards electric_:al tests with ink, the tests

- include conductance of the ink electrodes and passivation and:
acoustic resonances of the ink in the ink channels. Experience has

30 shown that each test is capable of Eevealing the presence of 6ne or
more specific form of fault arising in production. Electrical tests

therefore provide valuable control of process parameters. Electrical
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poI ymer' filmto the base 10, and renoving the nmetallised pI ating by causi ng

renoval of the film After application of the net base

conponent 10 is coated with a passivant |ayer 25 THF@&HEEETMR BEEN

i sol ation of the el ectrodes fromink. n‘é&e cover cfmponeREPHACED| ust riat ed in
Figure 1 is formed of a material t herm&fly matched T0 the base conpohent

10. One solutian t.o this o-electric ceramic simlar to

t hat enpl oyefFSFBQ ?ﬁg"%%(é 34®%§§ﬁ5§%se§35 @ cover is bonded to the base the
stresses 30 | Td4ERglin the h@earﬂéﬁ %@ﬁé@'tali@@ﬂll byrfophe, Mgy sed. The
cover is cut to a simTar width to the base conponent but shorter, so that

af ter bondi ngmeneeleotmailtamaatlengmdwestqq:@ner:'a@fkio zediive cheuit.ear war d part
testing can involve the actual ejection of ink or test liquid from the

5 nozzles in "real" or simulated printing.
After completion of the linear processing steps, the
‘linear arrays are sectioned with each array then providing n printhead
components. The sectioning step is preferably in register with the
datum edge so that parallelism between the channels and the

10 relevant edges of the final component is assured. If an appropriately
formed jig is employed for the linear array, it may be possible to
section the array as an earlier step, with the jig'—maintaining the
precise registration required for the subsequent linear processing
steps. With the linear array being sectioned at locations in register

15 with the datum formation — and thus in register with the channels - it
is conveniently assured that each component has an external datum
in register with the nozzles. This enables simple location of printhead
components with respect to each other or with respect to a carrier or
other component of the printer.

20 it will be recognised that whilst this description has
concentrated on a specific construction and therefore on specific
processing steps, the invention is broadly applicable to methods of
making ink jet printhead componénts with a variety of different wafer
processing steps and different linear array processing steps. Whilst

25 the example has been taken of a single cover wafer being bonded to
a single base wafer of substantially the same area, it may be
convenient in certain applications to bond a number of base wafers to
a single cover wafer. Also, but less likely to be useful, multiple cover

wafers can be bonded to a single base wafer.

30 There will now be described an alternative printhead
construction to which the teachings of the present invention are also
. - .
applicable.
<t Has Been Replaced |
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2 9 AUG 1996 uncovered for bonded wire connections to the connectlon tracks
18, Awindow 32 is forned in the cover which profsaes Temiiii:

the supply of liquid ink into the channels 22.
cover fromthe window to the forward eaﬁe 34 is |H
indijcat ed in the diagram This regi on ®ien bondetto the 1t

24 determ nes the ¢ of the

ej ected ink dropsF@kéwgaw%oér%@%ﬁéan%@rﬁgf%gérsrpvga:fgm&%are Il [ustrated
after bondi ng th Eb@isre angTa&emidal alividingomesli10g insthdidiagrased in 10

co- pendi ng i nternational Fat ent application PCT/GB94/01747., Particul ar care
i s taken by carrespansting & Figsradshithihig feoncatincpaling apddapping, the

base wafer component 210 undergoes a number of process steps,

5 the first being to cut trenches 211 horizontally across the width of the
wafer in the regions correspondi.ng to the rearward parts of the base
components 10. Since the components are arranged on either side of
horizontal dividing lines 106, the trenches are cut with a width to
accommodate the supply manifold for the supply of liquid ink into two

10 ink channels and the connection tracks of the back—to-back
components. Between the trenches 211 there remains sufficient
wafer material so that the grooves 220 in the forward parts can be
formed to provide ink channels continuously between pairs of
components placed front-to~front on either side of horizontal dividing

15 lines 106 between the alternate component pairs.

After forming the trenches 211 in the base wafer
component 210, a polymer film (as in US-A~5185085 or
EP-B-0397441) is applied to the base component and made to
adhere in both the forward parts and the trenches 211 in the rearward

20 parts. Grooves 220 are then formed in.the wafer providing ink
channels 22 in the forward part of each base component 10
separated by opposing piezo-electric actuator walls 24. The grooves
also penetrate the film in the trenches 211 in the rearward part
forming comparatively shallow grooves in the rearward part to provide

25 connection tracks 28 aligned with the ink channels 22.

As with the previous embodiment, the grooves are continuous
along the length of the wafer 210 in the vertical direction and are
formed each in one pass of the cutter. It will be noted that thié
component design is reduced in length compared with the design

30 illustrated in Figure 6 because there is no run—out formed as a
consequence of the cutter radius.

After forming the grooves as discussed above, and cleaning,
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cotrespondi ng edge of the base conponent 10 and by
assenbly jig to ensure that the front faces of the
conponent. 36 are held co-planar for att ment of t e
nozzle plate 14 consists of a strip of "ol yner such as p0|y| de, for—

exanpl e Ube | lLyi de.. UPI a non-wetting
coating as pr(%\eel'l:glld’éJ 'i‘@é’%%gg@ éfo%e&r?éeégpﬁé\g%gégf&%he nozzl e plate
i s bonded by emﬂtmﬁslmrrﬁé sidlelshifrthbaatiatdr whike 24adndvbAdetticn gl ue to form
an adhesive bond in contact with _the front face of the bonded conponent 36

t her eby f or ni HGCks ESdébe folymeefilie ds ther remoyed, M%rﬁbymtmm@letqﬁ@dﬁm I's
surrounding egel CRABANHe fpsAIdnk R dnd! Y 8§s§:U§tu% e drs g After

application
5 deposited over the wafer covering the tops of the walls and the sides

t ead
A The

and the base of the grooves, thereby coating the electrodes to isolate
the ink in the ink channels from the active electrode components. In
these steps local masks are located in the regions of the horizontal
dividing lines as previously indicated.

10 : The corresponding cover wafer 212 is shown in Figure 13 in
section along a vertical dividing line 146. The cover wafer is selected
from the materials previously indicated by refefence to cover 112 and
is machined by milling, to provide rear walls 233 of the ink manifolds
in the form of a pair of walls in areas corresponding to each trench.

15 These walls extend from the inner face of the cover by the same
distance as the height of the actuator walls in the base wafer and
extend the full length of the cover in the horizontal direction.

After forming the base wafer 210 and the cover wafer 212,
there components are covered with a glue bond layer on the top of

20 the actuator walls 24 and on the tops of the manifold rear
walls 233 and then aligned, broUght into contact and pressed
together in a bonding jig, as pre_viously described to form after curing
an array of bonded printhead components 236. The bonded

. component is illustrated in Figure 15.

25 After bonding, the array 236 is sectioned along the horizontal
dividing line 206, 246 to form linear arrays of printhead components.
During sectioning the cover is also cut in the region of slots 228
between the rear walls 233 of the ménifold for access to the
connection tracks. In this design, access for ink may be provided not

30 as in the array of linear components 136 through windows 132
formed in the cover, but by supplying ink from the ends of each

manifold between the actuator walls and the rear walls of the

_ This Sheet Has Been R
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25 “'of the nozzle plate, nozzles are formed in the nozzle plate
connecting into each channel 22 at the nozzle s | '
pri nthead, as disclosed in US-A-5189437 (EP-B-
nozzl es—and ink channels in a serial prpgthead |is tymmaldys50-64.;; The
nozzies 38 are indicated in Figure 2. 30 =—Aft-erassebl-y-"of the
bonded pri nt hpadifeianmidowetedtt wilhpe cippeiseit therwindéws maprterbeautt to
previ de connection tracks 18, and bonded w re connections are nade joining
the tracks 1dnithe covel@artior PEESASFIRPELSOIRRADK When reaui®8 in the rearward

part to the base Whilst the structure described with reference to Figures 13 to

to the
09id eHesThe.omrdier), of

16 can with advantage be manufactured using a method as previously
5 described, it can also be made in other ways. Indeed, the

advantages which this structure offers, principally in reducing the
length dimension in the piezoelectric material, are not depéndent upon
the manner in which the process steps are arranged. The saving in
piezoelectric material can be expected {o become more important in

10 relative terms as the active length of the channels decreases. Thus,
the use of a trench, perpendicular to the chiannels, to provide an ink
conduit will be of considerable benefit in printhead designs operating
at high frequencies with short channels. .

it should be understood that this invention haé been described

15 by way of examples only and a wide variety of modifications can be

made without departing from the scope of the invention.
The benefits of a datum formation created in the same

operation as the grooves (or in a separate operation preserving the
same location of the base wafer) have already been explained. A

20 single datum formation can, after sectioning into linear arrays provide
‘one segment of the datum formation in each array. This segment will
provide for accurate registering during the linear processing such as
nozzle formation. If desired,' a plurality of datum formations can be
provided; in one example, a sufficient number are provided to give

25 each printhead component a precise datum. In this way, a positive
chain of registration can be achiéved from the base wafer to the
individual printhead component.

cet Has Been Replaced \| '
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co@onent 10. The print head”m m m WIU”en supplied with ink and

operated with suitable voltage si he tracks 18, is designed 5

for use typically, when traversed elther normal |y or -at-a_suitable angle to
the direction of notion across a paperpgrinting surf c19,,,,gt591 FeYRINGY N a,,s“ﬁ'g_l e
line of characters at a time of height about one sixjh to Qae,_};@nl’.ﬁ of" 'an
fnch. Accordhpaipsit W Il be realised that the conporents-abeve-ate 10 :

general ly very small, typically the size of a finger nail, and that t he
details ‘described are so small ‘that they can only be |nspected under a

Al h h d d f f
Under ol ean bondi AirbatocoakiG. pUSEaoRist 8enashilR HeadiefBlr (housands
per day wherg,jifiq W hledeferififed nlfbdriof drofiidtiiigtild Ehditnels comprising

the steps of surface area processing on a wafer scale to form a

5 rectangular array of bonded head compohents,_sectioning said
rectangular array to form strips each comprising two or more bonded
head components each having the predetermined number of droplet
liquid channels in a linear array; and linear processing of a plurality of
said linear arrays including forming a nozzle for each channel.

10 2. A method according to Claim 1, wherein the step of linear
processing further includes con;'lecting electrical terminations with the

channels.

3. A method according to Claim 1, wherein the step of linear

processing further includes one or more test operations.

15 4, A method according to any one of the preceding claims,
wherein the step of surface processing comprises the steps of
locating a base wafer; forming grooves in the base wafer and bonding
a cover wafer to the base wafer so as to close a portion at least of

each groove, thereby to form droplet deposition channels.

20 5. A method according to Claim 4, wherein a common cover

wafer is bonded to a plurality of like base wafers.

6. A method.according to Claim 4, wherein the step of locating a
base wafer utilises edge registratiL’//
nReplaced
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15 ‘handl e single small precision conponents g ge—gmmnities -
under clean conditions with a high manufacturi ng g SHEETHeARBEES B ectri c
ceramic material used in the construction of th¢ pri nBEBEACEB. avai bl e in
waf ers—af the order of 10 cmin size. dz -has thé&ret } Feesabl e
process objective to devel op a nethod 20 of wafer scal e manufacture,
wher eby appropri & methbd Geopatingte aply drie op Glainte ddtoad,ewheapeibltbe of

manuf act ure and bonded assenbly on a wafer scale. In accord?nce with this

i nventi on t Btepwal svdace arem BFPCRSHNGLMTHRrCITRER?S H1¢ &1AP 6f I¥FIABheads
butted end Lo alifledbeatPbPHHall WatBPal &P FPHI brhlingldcesses such

as bonded 2 chme he nozzle plrates, nozz ng, wire

bondi ng, el eaid gﬁﬁve@,eaf Rrazeone datehi fematictadefigingid datumsimeng fl ui ds,
filling with ink, before being separated for use. _
5 wherein the step of seclioning said rectangular array comprises

forming strips perpendicular to the datum line with each strip

containing a segment of said data formation and wherein the step of

linear processing includes the step of registering with said datum

formation segment to assure alignment with said droplet deposition
10 channels.

8. A method according to Claim 7, wherein there is provided a

single datum formation providiné a common datum line on a wafer

scale.

9. A method according to Claim 7, wherein there is provided a
15 plurality of datum formations providing respective parallel datum lines

each extending across said strips.

10. A method according to Claim 7, wherein said datum formation

comprises a cut edge parallel to said grooves.

20 11. A method according to Claim 7, wherein said datum formation
comprises a slot parallel to said grooves forming a weakening line for

a subsequent breaking dperation.

12. A method according to any one of Claims 7 to 11, wherein said

25 nozzles are formed at locations in register with said datum formation.

13. A method according to any one of Claims 7 to 12, wherein said
electrical terminations are connected to each linear array at locations

in register with said datum formation.
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On such a scale the production is reduced to manageabl e proportlons so t hat
for* exanpl e the production of 10,000 seri al -AF-reads—Fr~one,. day
demands a total wafer area of up to 0.5n] err] |nv0 Myeﬁn’ﬁe
hundr ed—waf ers during the wafer processpgg stages, and tres
of linear length of printhead array =~ during the TTne T"pT‘UtfessTng-steps a

day. It is reengniAerethod SecqrdBRert ahy veet 600Idimnat7 w1 Bi Mhetkinh | i near
arrays of print head conponent s, divided from wafer-scal e bonded assenbli es,

enabl es the I8¢ m&;afaﬁfaaw%éa&edwg’ﬂefcqmmwﬂaaat lgcationspini registat
conponent s t%lﬁ?sgﬁpaaﬁﬁn?&nﬁ’m.“te m ni num

15. A method according to any one of Claims 1 to 14, wherein the
5 step of forming applying nozzles comprises bonding to each strip a
nozzle plate for defining a nozzle for each channel of the strip.

16. A method according to Claim 15, wherein nozzles are formed
subsequent to the bonding of the associated nozzle piate.
17. A method according to Claim 15 or Claim 16, wherein the

10 channels of each strip are flushed prior to bonding of the nozzle plate.

18. A method according to any one of the preceding claims,

wherein said base wafer comprises piezoelectric material.

18. A method according to Claim 18, wherein the step of
processing the base wafer comprises providing electrodes for
15 ‘application of fields to walls defined between adjacent groove

formations.

20. A method according to Claim 19, wherein said electrodes are

pravided in a deposition process.

21. A method according to Claim 19 or Claim 20, wherein

20 said walls are movable in shear mode.

22. A method of making ink jet printhead components, each having
N parallel ink channels of length L terminating in respective nozzles,
comprising the steps of providing a base wafer; processing the base

wafer to define n x N parallel groove formations of a length in excess
T
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Returni'ng to_the drawi ngs, a rectangul ar base waf gF—+H
pi ezo-el ectric ceramc carrying 14 x 14 base corrpnBﬂSSSh.’E@Ti ;

in Figure 3. The base wafer 110 has strai ght ed el 102 RER} '
waf er scal e processing for 10 - al ig@lgegt by Igo" er _
processing step in contact with three dowel pins 111. One edge 102"
pl aced in cogtagix W Whetaven pindsn iafe tiftegprogesstef trmmone providingion edge 104
i's pressed against the remaining pin. By this neans the wafer is located in
the jigs usegover over saidhasecwprasdearisitegiah waler 8538MBlYLwith they, ooves 120

b’ 5%, BorS SRR 1o BRRELATOEE oY LRI B W Torer Yl 112
to form lineahapheRY Sebfiolngdeit Wafér BeasmBRMEBAE PRalléibirst section
5 lines perpendicular to said groove formations to form m strips each
sectionable along second section lines parallel to said groove
formations to form n printhead components; and applying to each of
the said strips, at the location of a first section line, a nozzle plate to

define said nozzles.

10 23. A method according to Claim 22, wherein a plurality of like
base wafers are formed with a common cover in an integral wafer

assembly.

24. A method according to Claim 22, wherein the step of
processing the base wafer to define groove formations includes the
15 definition of a datum formation paraliel to said groove formations and
positioned such that each of the strips resulting from the sectioning of
the wafer assembly along said first section line contains a segment of
the datum formation providing registration with thé channels of that

strip.

20 25. A method according to any one of Claims 22 to 24, wherein

said groove formations are formed by the removal of material.

26. A method according to Claim 25, wherein said groove

formations are formed by sawing.

27. A method according to any one of Claims 24 to 27, wherein the
25 groove formations and the datum formation are formed in a single

operaton. //
T L



The base wafer is illustrated in Figure 3 divided_into regions 20

defining a 14 x 14 rectangul ar array of base conj q@%gu pm?:aér:pverl ay of
hori zontal and vertical chain dotted |lines 106 a e ,e'ﬁdrﬂ"%\ﬁti‘gl

"chain detted |ines represent the dividigg-ines it AR rectlangul ar
bonded wafer arrays are sectioned to formthe linear arrays of bonded
gorrpgnentls 1348, ;l'h,& mev\t;]\bbamcr?c@i?'gnocm‘ty edeldfrtb? fécgdiggrceiairm.ent t he

i viding |lines along ich the linear arrays of bonded, conmponents may be
sectioned subNeefieimeach FeayR @QW@'Q%@'I'?%&&F'OS‘%@&@H?@?@@g?ﬁg S8ch as
nozzle form gg ﬁs{.ectri cal connection and testing of the bonded conponent.
The | ocation Bg he chain dotted lines in the wafers 110 are di nensionally
determ ned by | ocations in 30 the jigs (not shown) containing the three

dowel pins. The base wafer conponent is subjected to a serj efs af
29. A method according to Claim 28, wherein the period of said

5 depth variation is period is 2/m.

30. A method according to Claim 22, wherein_ the step of
processing the base wafer to define groove formations comprises
forming grooves in the wafer symmetrically on either side of horizontal
_dividing lines to form opposed pairs of base components.
10 31. A method according to any one of the preceding claims,

wherein said base wafer comprises piezoelectric material.

32. A method according to Claim 31, wherein the step -of

processing the base wafer comprises providing electrodes for

application of fields to walls defined between adjacent groove
15 formations.

33. A method according to Claim 32, wherein said electrodes are

provided in a deposition process.

34. A method according to Claim 32 or Claim 33, wherein

said walls are movable in shear mode.

20 35. A method according to any one of Claims 32 to 34, wherein the
step of processing the base wafer comprises the application of a

passivation coating to said electrodes.

36. A method according to any one of the preceding claims,

wherein the step of prbcessing the base wafer comprises planarising

25 . by lapping. . _ -
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processes perforned on a wafer scale to forma ret‘"ﬁiﬁg"-‘_ ” -12-
base conponents 10. Typically, after poling, the ;as:éf-' } :}!; - 1y
| apped to planarise and nake parallel the faces 0._ | yner
filmis_applied to the wafer as disclaspd_in US- A 5185055 (EP-] 4141) .

Next a nultiplicity of parallel grooves 120 are 5 formed in the wafer -

for exanpl e By saw HbtR6d dcebriindits Tiairei S8TONEE M Bhe durfaog bl ade - to
previ de grooves in the area of each base conponent 10 corresponding to

t hose descri hmtghnesscdfctherpanadsed pase walgiiishess vadsM-nk channel s 22
separated by opposi ng '

38. A method according to any one of the precedihg claims,

wherein the cover is adhesively bonded to the base wafer to form

5 said integral wafer assembly.

38. A method according to Claim 38, wherein adhesive is applied
to either or both opposing surfaces of the cover and base wafer in a
manner which varies across the wafer assembly.

40. A method according to Qlaim 38 or Claim 39, wherein the

10 depth of the applied adhesive varies across the wafer assembly.

41. A method according to Claim 38 or Claim 39, wherein the

formulation of the adhesive varies across the wafer assembly.

42. A method according to any one of Claims 38 to 41, wherein

adhesive is applied using one or a sequence of rollers.

15 43. A method according to any one of Claims 38 to 42, wherein a
blocking material is applied to the base wafer to limit spread of the
adhesive.

44, A method according to any one of the preceding claims
compris'ing the step of bonding base and cover wafers using heat and

20 pressure.

45. A method according to Claim 44 utilising heated press plates to

T

supply heat and pressure.

This Sheet Has Been Replaced -




pi ezo-electric actuator walls 24. 10 As best seen in_the section
of -Figure 6, the base conponents are arranged in pai =Sy __g:j?féjg}‘[:rd/zggp
ei ther side of the horizontal dividing lines 106, so!fhat"¢ £ QF-QOyEsS 11
the forward part - which are conparativepy-deep to pripvide’

1Hk” Chapnel-s- 22
- are continuous between the pairs of conmponents in hGrizontal |inear
arrays nunber gg, 15A metid@ acd8ind &b Claim 45, whafdiA. salth@resplates iane t he
rearward part - which are conparatively shallow to provide the |ocations 26
f or connect i oheatescpion® theaapplicgionmfduesséi®aeen the pairs of conponents
in horizontal |inear arrays nunbered 2&3, 4&5,........ 12&13. The vertical
section profile of the grooves is shown in the wafer section in 20
Figure 6. Thugyt heA_ChfémMa%earcﬁgb @@@éihehs?irpm asigl mreebiplatessaren t he
vertical direction in 14 strips divided by the vertical dividing

formed with a low thermal expansion material. _

5 48. A method according to any one of Claims 44 to 47, wherein a

resiliently deformable press plate is used.

49. A method according to according to any one of the preceding
claims, wherein surface formations are foffined in the cover prior to

assembly of the wafer assembly.’

10 50. A method according to Claim 49, wherein said surface

formations are produced through laser machining.

51. A method according to Claim 49, wherein said surface

formations are produced through ultrasonic machining.

52. A method according to any one of Claims 49 to 51, wherein

15 said surface-formations comprise for each printhead component at
least one window serving as an ink supply manifold for the channels
of that component. '

53. A method according to any one of Claims 49 to 51, wherein
said surface formations comprise undercut regions facing said base

20 wafer.

54. A method according to Claim 53, wherein said undercut regions

are removed after assembly of the cover with said base wafer to

provide access to the base wafer.

e —— A
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lines 108 and extend substantially the full verti ca.'.t—_ ==

waf-er . Each groove is formed in one pass varying t
passage along the groove. In the periphery of the \ViEEeEsis e
kerf of—wafer material which protects g8fe i nner wor Kit ng TEo O

becom ng chi pped during wafer handling and does not form part of the array

of base conpssent a ria@tho'Eh&c@Wﬁﬁfg thlény snbomfaﬂhecbdey:edmgatlamna,s in the sawing
ji g against edges 102 and 104. will becone evid |% is desirable in

certain of tybessn the coyBE @q’ﬁh’@ﬁft“aﬂY seeisSrAgvin dhe b-asﬁa‘?’?

i®ul arly t hose

conducted on linear arrays - to provide assured registration with the

grooves that are cut

in the wafer scale processing. This can be achi eved by

the formati ogg, A method according to Claim 55, wherein the cover is formed

of piezoelectric material or low thermal expansion glass or glass—

5 ceramic.

57. A method according to Claim 55, wherein the cover is formed

 from PZT, borosilicate glass, cordierite or alumina.

58. A method according to any one of the preceding claims,

wherein the step of sectioning said wafer assembly along parallel first

10 section lines provides a flat plane for nozzle plate bonding.

59. A method according to any one of the preceding claims,

wherein nozzles are formed in the nozzle plate after bonding of the

nozzle plate to the integral wafer assembly.

60. A method according to Claim 24 and also according to Claim

15 59, wherein nozzles are formed at locations in the nozzle plate in

register with said datum formation.

61. A method according to Claim 59 or Claim 60, wherein the

nozzles are formed through laser ablation.

62. A method according to Claim 61, wherein the laser ablation

20 process utilises a mask substantially in contact with the nozzle plate.

63. A method according to Claim 61, wherein the laser ablation

proces s prfecten sk T WA
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- 13 - simultaneously with the grooves, of a vertical datumedge, that is
to say an edge extending parallel to the grooves - = iﬂ.

arranged that when the wafer is subsequently di VIdE{GﬁéEHEETHA@,_L\, A flays,
each ar+ay or strip retains a portion_gfq Lhe dat dmi edg.@._EEEGJCESI oo one
of the strips, therefore, registration wth the decamredge—wTT assure

Tegi S”ati0“63434thAeh‘@tI’.:’o@h@B@lQiin%ltlofdmto@é rolfmhe'blnecedmgrd!amse of this
feature will becone clearer as the |linear processin steps ? e expl ai ned.
The dat um edgbenein ajectigrhgennectionsuare W't{"htBe annels gf eachyafer, for

A ternat ver st aigtnd & ARG frifged Vomssiass P ne

65. A method according to Claim 24 and also according to Claim
5 64, wherein electrical connections are made at locations in register

with said datum formation.

66. A method according to Claim 24, wherein each strip is

sectioned into components at locations in register with said datum-

formation to provide on each component af least one external surface
10 . datum which is in precise aligpme'nt with the channels of that

component.

67. A method according to any one of the preceding claims,
wherein each of said strips undergoes a test procedure prior to

15 sectioning of the strip into printhead components.

68. A method according to Claim 67, wherein said test procedure

includes establishing probe contact with the strip.

69. A method according to Claim 68, wherein said probe contact is
established at locations in register with said datum formation.

20 70. A Imet'hod according to Claim 32 and also according to .
Claim 67, wherein said test procedure comprises measuring a

resonant characteristic of the strips.

71. A method according to Claim 70, wherein said test procedure

comprises measuring a resonant frequency of flexure of walls.

e R
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serV|ng as the meakenlng line for a subsequent breaking operation or as
sinply a datum formation. In a further alternativeg] @ .deaLgs ! orned
not simultaneously with the grooves, but in a subsk B ’J' tion
whi.ch pteserves the sane |ocation of ihg base waf gi—that W m"ed“LQT
cutting the grooves. As will becone apparent, this is the alternative
enpl oyed in jhe pAQﬁ@fHdd’aéLQﬁr@fr@fde%mPﬂo ”F«Hteresﬁfstaﬁ! tdRpFbBEdeOOVEeS as
descri bed above and cl eani ng, electrode metal is deposited as described
above by refeormepdses copparing diffgrerd résonant frefeenciesioé flexand ofvi ng which the
pol ymer material on the tops of the walls is renoved, and an el ectrical
passivating‘Wﬁ@%r I s deposited over the wafer covering the tops of the
wal | s and the sides and the base of the grooves providing an insulating
coating to isolate the ink in the ink channels fromthe el ectrodes.

73. A method according to Claim 72, wherein said test procedure

5 comprises comparing the resonant frequency of flexure of walls
between different channels.

74. A method according to Claim 72, wherein said test procedure

comprises comparing the resonant frequency of fiexure of walls at -
10 different locations along the length of the channels.

75. A method accordiné to eny one of Claims 22 to 74, wherein

the step of processing the base wafer further comprises the formation

of a trench extending perpendicularly of the groove formations, said

trench servihg in the printhead component for the supply of ink to the
15 channels of the printhead.

76. A method of making pulsed droplet deposition apparatus
having a predetermined number of droplet liquid channels of
predetermined spacing and length comprising:
_ | (A) surface area processing on a wafer scale inpluding
20 the steps of.-
(i) planarising the surface area of a rectangular
base wafer of piezo—electric material poled in the thickness direction;
_ (i) providing a rectangular m x n array of base
components separated by dimensionally determined horizontal and
25  vertical wafer dividing lines and forming each component with a
number of closely spaced parallel grooves corresponding to the
number and spacing of saic_i channels in the surface area of said
wafer in m locations aligned in the vertical direction in n strips

sep,arate._d by said vertical divi'ding lines, the length of the grooves

o '] ms 'Qre +¢.732s Been Re lace.
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25 In the netal deposition step however %_nn:k Ls_pl aced along
the  hori zontal dividing |ines 106 which divide the b W of -
conporient pairs (i.e. the horizontal |ines between I1 | near 1‘&2\’ B&4,
... 13&14) so that the netal is depogited short df=the- P_ﬂds_ a) :
channel s after dividing into horizontal arrays. After passivation 30

and cutting ﬁrbﬁﬂgalhh%ﬁwn'télcﬁmalngj'lhﬁ'e@|Hth'|6€§tléﬂ?|rPé§éh e S then
conteal ed so that is not exposed at the cuts ends of the channel walls.

-14 - | n thecpaespandingwitht the lengtls kf saidscivimnels hersbyt lodafforshyatisie
of said material between said channels;

(i) applying electrodes in relation to said walls by
5 | depositing electrode metal over the surface area of said wafer and
removing metal from the tops of the walls between said grooves, so
that an electric field can be applied to effect shear mode displacement
transversely of said walls adjacent selected said channels;
(iv) planarising the surface area of a rectangular
10  * cover wafer of material thermally matched to said material and
forming a rectangular m x n array of cover components separated by
horizontal and vertical cover dividing lines each cover component
having a window cut therein providing a droplet liquid supply manifold
to said channels and a corresponding location in regions of each
15 cover component between the Window and said horizontal cover
dividing lines in n strips in alignment with m corresponding windows in
the vertical direction in the surface area of said cover wafer;
(v) bonding the mating surface areas of said base
wafer and said cover wafer by applying adhesive and pressure to
20 bring the surface extremities of said respective surfaces substantially
into direct contact and holding the respective locations in each said
wafer in alignment thereby to form a rectangular array of m x n
bonded printhead components; |
' (B) sectioning the rectangular array of bonded
25 components along the said horizontal dividing lines to form a section
| plane having open channel ends normal to said grooves thereby
forming m strips each comprising a linear array of n bonded printhead
components; |
(C) linear processing of one or more linear arrays of
30 -bonded printhead components butted end to end in sequence in steps

including the steps of:~

() bonding a nozzle plate to seal the open ends

" .This Sheet Ha" Been Replaced .
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alternate horizontal dividing |ines 106 which divide Yo Yo
coriponent pairs (i.e. the horizontal |ines between I n@ﬁ‘f—s‘ '." (BE
485, ..... 12813, 14) so that the connection tracks 3 To5
wi t-h passivation at their ends to enablgy a bonded w i€ connectlon to be
made after cutting into horizontal |inear arrays. A corresponding
rectangul ar obsaid grioveslitie plate fextendingFtdeast the dbmber ©f chanhalsl y bounded
round its periphery by straight |line edges 142 and 144 used for |ocating

the cover waf@ifegpan@sg tgpne P”quaé%%ﬁ@ioﬁ@ngo%ﬁ# pins in the

di mensional ly critical waf er Waf er
edges are pressed agai nst do F pi N @%@?%ggﬂﬁﬁ%%mltﬁ ér%}?g 6\feshorl zont al
and verti cal fah liquid Rigop iefestionhaic speiry Benespoading With ehgispedirigiot he j i gs

forman overlay which divides the wafer into a rectangul ar array of
5 said channels; and

T Y A

(D) sectioning each linear array of bonded components
along the said vertical dividing lines to form n separate bonded

printhead components.

77. A method according to Claim 76, wherein said step of linear
10 processing further comprises the step of connecting drive means to
said channel electrodes and a_pply'ing electricai signals thereby to test

selected ones of said channels.

78. A method according to Claim 76 or Claim 77, further
comprising aligning said base wafer and said cover wafer by edge

15 registration of said wafers, so that after bonding the dimensionally
determined horizontal and vertical wafers dividing lines coincide with
the horizontal and vertical cover dividing lines bringing the m locations
having a number of closely spaced parallel grooves in the wafer into
register with the m locations in the cover having cover regions

20 between the window and the said horizontal cover dividing lines.

79. A method according to Claim 78, further comprising aligning
said base wafer and said cover wafer, by locating two edges of the
rectangular base wafer relative to three locating pins for forming the
grooves therein, locating two corrésp_ond_ing edges of the rectangular
25 cover wafer relative to three locating pins for cutting the windows and

the cover edges therein, and locating said base wafer and said cover

wafer against each said two ed in relation to three locating pins for
bonding. /
N s Sheet B \\\\\ | .
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15 14 x 14 regi ons each containing a cover
and i/(_artical dividing lines are illustrated in Hi: rimi o Vil
vertical chain dotted lines 146 and 148. Typi cakisetha COVEY
be a PZT"wafer of simlar but thinner—-rggerial than the : '
may be a wafer of 20 borosilicate glass, or a |ow thermal expansion
gl ass- cer am 80suciA ameticod df enakieg dnk F@Etuprinthead coarporwrtisr eaatt bavinlg whose
t het mal expansi on coefficient closely matches that of the base, conponent.
Initially thd Raiadlel i ehannels %Eeéw%rL RFNAHRES IDrASRBGIWELNOZARS cover

wafer is the : ' ! i in which a
25 o 'V aser CofibisitEl 8 HBSPBUMATEbas WSS locdssing 1 bete 0. L.
Thi s processwaserct defite aux N parallal groyvé toratatiumst bfea lerigth intexcesswaf er

edges 142 and 144 agai nst dowel pins. Machining by mlling may
of m x L, 'where n is an integer and m is an intéger greater than 1,

the section of each groove formation varying along the length thereof
with alternating mirror reversed groove segments; providing a cover
over said base wafer in an integral wafer assembly, with the cover
serving to close portions of said groove formations to form channels

10 separated by channel walls; sectioning said wafer assembly along -
parallel first section lines perpendicular to said groove formations to
form m strips, the first section l_ine's alternating ‘8dd and even with said
groove segments; applying to each of the said strips, at the location
of a first odd section line, a nozzle plate to define said nozzles; and,

15 where n is greater than 1, sectioning each strip along second section
lines payallel to said groove formations to form n printhead

components,

81. A method according to Claim 80, wherein an end of each strip

is defined by an odd said first section line.

20 82. A method according to Claim 80, wherein an end of each strip

is defined by an even said first section line.

83. A method according to Claim 80, wherein each groove
segment has adjacent the even first section lines a region of reduced

wall height.

25 84, A rﬁethod according to Claim 83, wherein thé region of reduced
wall height accommodates electrical terminations for the respective

channels.

. A - x
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al so be adopted, as may ultrasonic machining. This treshrrgoe—FAvoFves=.

ul t-rasonic vibration of a hardened tool piece in anjabfigsiheEETIOAS BEESI prry
of, for exanple, boron carbide. In the co-ordinates|provi BBBL4GZPhe ji g,

t he, wafe+~s are cut so as to formthe-wB8dows 132 al frgmed—Tmn a vertrcal and
hori zontal array and the horizontal slots 128. The - 15 - spacing and
f'unc_tioln of 8Be wiAnmettsod aecarding teeCidimt 83 wwhereis tbe gegiarneef méft&ﬁd The
vertical secti of the coyer. is illustrated. in Figure 5 f '

W ndoves it ell it SaTHES FgbecrUnAid i 5 g1 rentifie tndle T oTm o

from a comman source of ink. .

86. A method according to Claim 83, wherein the region of reduced
5 wall height is formed by reducing locally the depth of the groove

formation.:

87. A method according to Claim 83, wherein the region of reduced
wall height is formed by a trench extending perpendicularly of the .
groove formations. -

10 88. A method according to élaim 87, wherein the trench has

inclined edges.

89. A method according to any one of Claims 82 to 88, wherein the
cover in a direction parallel to the groove formations has alternating
mirror reversed cover length segments in register with said groove

15 segments.

80. A method according to Claim 89, wherein each groove
segment has adjacent the even first section lines a region of reduced
wall height and wherein each cover length segment has adjacent the
even first section lines a region which is removed after assembly of

20 the integral wafer assembly.

91. A method according to Claim 90, wherein each said region of

the cover is undercut to facilitate removal without damage to the base

e (DI
S IR "

wafer.




5 base_ conponent are coated with a bond material, and the cover
conmponent is aligned and brought into contagt. gt t he base
conponent. The bondi ng process which is, di s@

Gl OL—DG
- : tT paekieEToap eaENNY
i nt er netd onal application PCT/ GB94/ 01740 +s;a| so mepLABED for Application

at waf er scale. 10 d ue can be apgired—usEag=gE=eftset roller,
with the rat@2of Apmiethed aovoidingitp goyeanted @almﬁaBaetptSﬂ Fhefieip| es

previded on the roller. There ca t f
b gl Uo-or | APRFROERRVE SPRTICA MBREURCHTLEE PrEUIT IR BER Fons. acr ose
the waf er St e%EQée&wrmérgh@aﬁ Ivaﬁéeém )éabﬁ'db\/'e@)réﬁgtﬁfsei‘ﬁﬁém mat er i al

can 15 on the top“of the actuator walls 20 and relatively
t hi ck | ayer hasmqamirityhefevenlﬁrsesemdinesca(prompmn eutemlmgwmtehm | ow

rooves 26 on which t
J 5 the relgclon I?redtrigeccr waﬁ%'\elgﬁt Io c{mse the cﬁesnncecfnvem ent to

93. An ink jet printhead comprising a base including piezo-electric
material and having para!l.el grooves formed therein to deﬁrie ink
channels separated by ective walls; electrode means for the
application of electric flelds to selected ones of the active walls; a -

10 cover secured to the base in a manner as-o close the ink channels
over a working channel length; a nozzle plate defining a nozzle for
each channel at correspondiné respective ends of the channels; and
ink supply means for the supply of ink to the channels; characterised
in that a trench is formed in the base extending perpendicularly of and

15 communicating with the channels, said trench defining an ink conduit

within said ink supply means.

94. A printhead according to Claim 93, wherein said trench is
located at respective ends of the channels remote from the nozzle

plate.

20 95. A printhead according to Claim 93 or Claim 94, wherein a ridge
formed on the cover extends lnto the trench to seal with the base and

to bound said mk condunt

96. A printhead according to :Claim 95, wherein a region of the
trench dlsposed at the opposzte side of said cover ndge from the

25 workmg length of each channel serves for electrical connection with

O

said electrode means.
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enploy different rollers, each corresponding to a particul ar glue
foraul ati on or glue depth. Each roller has dinpled r»a__',sfzﬁ . : {
corresponding with those areas on the wafers in whicl @.S?FTe‘F'_ :
effective and is recessed in.other reggpns. G ue can ____p% ‘80-{5-"8 the Jjase
waf er al one, the cover wafer ‘alone or to both the base and the covefl waf er.
"The t hi cker ABFRACTgl ue placed in the shall ow grooves which 25 ~ form
the locations 26 for the tracks 28, serves to effect a seal. The
silica-loaded enhances gl ue viscosity and thus reduces the tendency for

glue to flow out bRt AR ESIR bo Bk &ha Mo t uent wire
bondi ng. If di ff%&ﬂ%ygg'ﬂg%e nonepﬁ}gggss en@éﬁ‘ﬁ?’g@ggﬁﬂgnqugﬁggﬁqof gl ue
al ong the trtaghthdrey ?de\ldﬁiebawfl\iaﬂero‘anﬂ d beitatsle aovad wafer Wheaareaaf be

revented by the a ication to the outer _regions of the
P Xche boncﬁrﬁ)g wafer assembly being sufﬁcie%t to provide a 14 x 14

5 array of components. Using a datum formation, the wafer assembly

is divided into strips. and linear processing steps are conducted, such
“as applying nozzle plates and laser ablating nozzles. Each strip can

then be divided to fdrm separate printhead components.

‘This Sheet Has Been Re laced -
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o e 845

tracks, a blocking agent which has a | ow surface energy. Application of the
bl o¢ki ng agent can simlarly be conducted using a roller and - 16-

removal of a suitable water-baseqdgbl oeking agent can be effected by

i*mer sien i n de-ionised water. During bonding both the base wafer 110 by
edges 102 and 104 and the coxer wafer 112 by edges l4gE=ang=idd.are.aligne
5 in the bonding jig agai ngt dowel pins. By this s skher '
dividing lines 106 and 108 whi cR diyvi de separate basg

base wafer are brought into ali/ghaens~with the divi difFraesails
T |

Tl P
CF T Ret =y >

24
P
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and 148 whi ch divide separate cover g¢onponents in the cover wafer. The
bondi ng process involves pressing the conponents together by 10
pressure, typically 5MPa, to-causkaghe/Bond material between the planarised
faces of the wafers to flow and to allow the faces tip—t ouoht. < seea 1 )
substantially into contact. The press is then heate
‘material to flow again and to bg cured to form-a rect. Lal-Fay—6—1
“14-bonded printhead conponents 13§. Im=a 15 modi fication, the press

pl ates are heated before being brgyght into contact with the wafers. This
avoids any risk of thermal expg Y of the press plates, whilst in contact
with the wafers, causing crac er damage. An alternative solution is
to e oy | ow thermal expansi-g s)pl ates, such as nmade from
borogEtTX@te gl ass sheets. 20

thi ckgpss is achi eved over the
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entire mafer It is desirable to prOV|de one press plate which is rigid and
anot her mhlch has a degree of regE?L ﬁp This can be achi eved for exanple
by the use of an etastoneric pad he egree of resilient deformation
necessary to ensure uniformbond thickness is typicallyz#8-25. .. the
region of 20 mcrons. It is found that an el astoneric pagds T O Rp
strycture is better than-a flat pad, providing 20 m crom ‘ \
MPa. The above process in which printhead conponents ar&shended’ by~appl yi ni
a bond material, and pressing and heating the 30 conponents in a warer
scal e has the advantage that, as a larger nunber of parts are processed at
one time, longer periods can be afforded to coangte t he bondi ng cycl e than
i s avail abl e when
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- 17 - -bondi ng one conponent at a time. The | onger cycle tinme makes it
practical to use |ower bond curing tenperatures This helps to both Iimt
t he -peak_tenperature sel ected to initismee44®d execute a cure cycle and
ensure that conplete polynmerisation of the glue has Sp=
bond curing tenperature al so reduces the probl ens of
coefficient msmatch, thus increasing the range of majjeri alssahtmtfman b
used for the cover. Wth the wafer assenbl y rena|n|ng&-_ -

dowel pins, the kerf fromboth the base and cover wafers is reaned along

10 the vertical edge remote fromthe dowel pins. This creates the
\ 128 18 132 112
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previously nmentioned datum edge or formati on which extends parallel to -
and in precise registration with - the'grooves cut in the base wafer. |If
desired, the kerf can at this stagegbessenoved fromthe horizontal edge
renote fromthe dowel pins, forming a subsidiary, 15 horlzontal dat um
As shown in Figure 7 the wi ndows 132 now provi de apert urpess 2N T SRS
supply manifold to supply ink to the channels 22 of eac| Wﬁﬁn$ﬁganqASBE§N
conponent. There may, if necessary, be nore than one w dOM/p&F”pLFHDhead
conponent. Also, the half depth windows 20 = defined B¥% R
cover, bridge the locations 26 for the connection tracks 28, where the
electrodes 30 of the channels 22 in each printhead conponent are connected
by wire bonding. These half depth windows are at a | ater stage sectioned as

in Figure 8 to

. |
14’?— . —1%,/1—\2— . o

'\._\J e

f f 05 _ 1{?6 .
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f f 1& /Z gl 26
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FIGURE 6
This Sheet Has Been Re
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expase the connection tracks prior to wire bonding. Between the 25

wi ndows 132 and the adjacent horizontal dividing lines, there is a length L
of the cover conponent bonded te the walls which controls the active | engt h
of ohannels in the wafer conponent. The covers on the other side of the
horizontal dividing line are | ocatfeges§i@retrical |y, so_LhaI Lh-urle =
separating pairs 1 &, 3&4, ....... 13&14 of the 30 ‘.‘ﬁMJI '
vertical -direction is 2L. The wi ndows are di mensi oneg &"mi

printhead conponents 136 is also - 18 -

e
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8 -y 106 18
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illyStrated in Figures 8 and 9 to 12. These show sections of the horizontal
| i near: array of conponents 136 on section planes ZZ, TT, YY and SS
illustrated in Figure 8. Figure 9 on Section ZZ is a section through the

wi ngows 132. Figure 10 on Section TT illustrates the 5 channel section.
Figure 11 on Section YY shows the view of the printhead.conp et ‘
on the nozzle plate bonded to the cutPa@ed3/8f the ink ?@aﬂ@gh 1A
on Section SS is a section on the connection tracks 28{show y
wafer 110 and the hal f depth wi ndow 128 in the cover. Bewemecrrnm=pgrFe
bondi ng, the rectangular array of bonded printhead conponents is sectioned
al ong the horizontal dividing lines to form 14 |inear arrays. each
conprising 14 bonded printhead conponents joined laterally at the vertical

dividing l'ines, typicall$y means of a dildond
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I mpr-egnat ed. di ci ng saw. One set of alternate section lines is cut 15
t hrough the slots 128, .giving access ‘'on either side thereof to the _
conneetion tracks 28 for electrical connections. The other set dFw
section_lines forms a section plane 34 through the opeq;;ﬁ{f“]
channels in the printhead conpo?ents on either side he Trt hed-engt M
the channel s being the di st385c8/% from the 20 sey LS to—Fre—
wi ndows 32 Advant ageously the quality of the sectiol\_pkeme this end is
suitably planarised for the application of a nozzle By bonding as indicated
in co-pending international patent application PCT/ GB94/01747. To reduce
the effects on the planarity of this section plane of edge wear_n the

di anond i npregnat ed dicing 25. saw, it %3 preferably arranged that the
saM/prOJects a substantlallﬁ$stance t hr odgh the bonded wafer. “él
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-Th_g,-boﬁ%wafer Is located in the dicing jig during the wafer secti%M’
pré@cess by three dowels simlarly |ocated against the T ! to—t+ogat e
t:B€ hori zontal dividing lines along which the bonded 3\ Am § Q{m‘
'segtioned. In this way, registration is assured between {the channel's gno
t he horizontal dividing lines. Alternati veTJ, Tif pref errean;%gj@ngt ijon
can be achi eved i ‘E | t,al, a isgl&ﬁ@Aﬂgtum - - ggs.
The fact that cut ' thtebgr+re gh y
after the bonding of the cover wafer, neans that the

The present invention relates to ink jet printing and in particular
relates to manufacture of the .ink jet printhéad components.
In an important example, the invention finds particular
application with printheads of the type in which grooves are formed in
5 poled piezo-electric ceramic to which a cover plate is applied
affording in'k'channels between piezo—electric wall actuators.
Techniques have been developed for the manufacture of such
'printheads to the fine scale and strict tolerances necessary for a
properly functioning printer. Reference will be directed to a number of |
10 relevant disclosures in the more detailed descﬁption which follows,
Existing techniques, however, do not admit easily - if at all ~ of high
volume production. .
Serial printhead components (that is to say components for
printheads that are to be scanned across the printed page) are small,
15 typically of the order of 5 tb 10 mm and include features of dimension
. 50 to 100 um. Aécordingly. extremely accurate positioning is required
during the various process steps. The use. of individual assembly jigs,
which is generally satisfactory for small scale production in which
skilled engineers are required to perform individual fine adjustments
20 and to maintain quality control, is simply not practicable for
manufacture at high yield at the rate of thousands or more per day.
For certain ink jet technologies, using photoresist etching of
' silicon and similaf techniques, it has been proposed by analogy with
integrated circuit manufacture, to conduct processing on a silicon
25 wafer which is subsequently diced to produce individual printhead
coénponents. - ,
Thus EP-A-0214733 describes a drop-on-demand ink jet
printhead produced from components deposited and etched on silicon
- at wafer-scale. D'urirjg aSsembly. the printhead is constructed from
30 two identi_cal parts, which are diced prior to face to face'assembly.



) -.- ¥ . REP T F}’T
i keli h‘g'Sd of chipping or other danage to the wall su f%cAeg:;E N 1?5-
reduced Al t hough the description provided above w tjh jparticul ar refer}ence
t 6 Fi gures 3 to 12 relates to a rectangul ar array of V/af'3r9, AUG 996 and
borded printhead conponents conprising a 14 x 14 array rts, itiwgll be

redl i sed that these nunbers are for |IIu5‘t|2a't|on onIy 10- and a smpl | er
or |arger wafer npl oy usual | ( for
the verti cal g‘% ﬁ‘@ tﬁgreﬁy t?ﬁ@@é‘r@ts@et S 9‘1 ef HOAYRS I [ i near

arrays of COMPONGAL pafe @égﬂtaﬁa%ere%ha&vsoygpfﬁ%rp%ﬁam ifiojgponent s are

made in the vertical d| rection I's als eedomto vary the conponent
di mensi ons i n t hprinthead constructedl ormarwafercscam:mmdhng;lrta go-cdlied "hed+ gn.

The di nensi ons ar reater i ve direction, i.n . order to
generate | arger ﬁoonfa IC'L s?rucﬁon o? prln?heacf J'l'ﬁe cover?salamlnated

5 ~ photoresist layer in which the nozzles are formed
photolithographically. The wafer is then diced to produce individual
printheads.

These proposals are highly speciﬁc' and are generally not of
assistance with printheads of the construction with which this
-10 invention in the most important exampie, is concerned. Moreover,
there remain after dicing of the wafer into printhead components, a
number of key process steps which still demand accurate positioning.
There is still, therefore, heavy reliance placed upon jigging.
It is an objective of the present invention to pfovide an
15 improved method of rhanufacturing ink jet printheads, particularly -
| but not exclusively ~ related to constructions having grooves in poled
piezo—-electric'ceramic to which a cover plate is applied. The
invention is particularly suited to end shooter printhead constructions
and to printheads actuated by piezo—electric shear mode wall
20 actuators.
-~ Accordingly, the present invention consists in one aspect in
a method of making pulsed droplet deposition heads each having a
predetermined number of droplet liquid channels comprising the stéps
of surface area processing on a wafer scale to form a rectangular
25 array of bonded head components, sectioning said rectangular array
' to form strips each comprising two or more bonded head components
each having the predetermined number of droplet liquid channels in a
linear array; and linear processing of a plurality of said linear arrays
including forming a nozzle for each channel. '

30 Preferably, the step of surface processing comprises the steps
of locating a base wafer; forming grooves in the base wafer and
bonding a cover wafer to the base wafer so as to close a portion at



drops, or smaller, if the drops are smaller when A&GEMENEOSHEET& a.
hi gher resonant frequency. Wen such changes .are|implenented thereg is
greater or |ess nunber of conponents in line in [he \qutAur@hgbg%O
e
n

[
direction in the wafer. Al so the components have| bepen described fas
print heads of width typically one sixth te3cne tpnttrof—an—ineh-(4-2. 5M)
but -printheads nmay be wider, if for exanple theyl are nounted at an angle, .
to increase the |gashef erels grgovep thergby tp forre \dse pET HEBBBIANAITRANTESS: 25 :

the limt th <\ gt ' I [ . LAt t o th
[ near array. by Tho. Supdb fhel stebidbeaEa e vtk IBASE ETED. | 1 0
toget her and bonegisttation. conmon cover conponent to forman array of butted

conponents w der than one wafer as disclosed in co-pending patent -
appl i cation WO 91/ 1704dvantageously, the step of surface area processing further

5 comprises the step of forming, with the same location of the base

wafer as used in the forming of said grooves, a datum formation

defining a datum line, wherein the step of sectioning said rectangular
array comprises forming strips perpendicular to the datum line with
each strip containing a segment of said data formation and wherein
10 the step of linear processing includes the step of registering .with said
datum formation segment to assure alignrh—ent with said droplet
deposition channels. ' -

In one form of the invention, said datum formation comprises a
cut edge parallel to said grooves.

15 In a further aspect', the present invention consists in a method
of makihg ink jet printhead components, each having N parallel ink
channels of length L terminating in respective ndzzlés, comprising the
steps of providing a base wafer; processing the base wafer to define
n X N parallel groove formations of a length in excess of m x L,

20 where m and n are integers greater than one; providing a cover over
said base wafer i'n an integral wafer assembly, with the cover serving

“to close portions of said groove formations to form channels;
sectioning said wafer assembly along parallel first section lines
perpendicular to said groove formations to form m strips each

25 sectionable along second section lines parallel to said groove
formations to form n printhead components; and applying to each of
the said strips, at the location of a first section line, a nozzle plate to -
define said nozzles. _

Advantageously, the step of processing the base wafer to

30 define groove formations includes the definition of a datum formation -

parallel to said groove formations and positioned such that each of

the strips resulting from the sectioning of the wafer assembly along '



30 . The step of sectioning the rectangLFEPLA !
pr+nt head conponents is the final process step qarried out on a
array of bonded conponents. After formng |inead grr2ysAUG 1929 |
priinthead conponents, a sequence of linear procgsging steps are

WhEl st each |inear ‘array will pr obably r-eef:ui-re founting in a sul
for these linear processing steps, there is of @W '
in the nunber osafififst segionglingeonkainsaaisegment of theHatUMIEMaiATor t ant | v,
e eLent on Ohividifb HBuEHESaR NfPHe Shafeith thatiipyes from the

mafer-scale gr obve Cu g opera
In still a further aspect, the present invention conS|sts ina

method of making pulsed droplet deposition apparatus having a
5 predetermined number of droplet Ifquid channels of predetermined
spacing and length comprising:

(A) surface area processing on a wafer scale including

the steps of.~ _

| ' ' | (i) planarising the surface area of a rectangular
10 base wafer of piezo—electric material poled in the thickness direction;

(ii) providing a rectarigular m x n array of base
components separated by dtmensuonally determlned horizontal and
vertical wafer dividing lines and forming each component with a
number of closely spaced parallel grooves corresponding to the

15 number and spacing of said channels in the surface area of said
' wafer in m locations aligned in the vertical direction in n strips
separated by said vertical dividing lines, the length of the grooves
from said horizontal dividing lines in the locations in each strip
corresponding with the length of said channels thereby to afford walls
20 of said material between said channels; '

(ili) applying electrodes in relation to said walls t;_y
depositing electrode metal over the surface area of said wafer and '
removing metal from the tops of the walls between said grooves, so
that an electric field can be applied to effect shear mode displacement

25 transversely of said walls adjacent selected said channels;

(iv) planarising the surface area of a rectangular
cover wafer of material thermally matched to said material and -
forming a rectangular m X n array of cover components separated by
horizontal and vertical cover dividing lines each cover component

30 having a window cut therein providing a droplet liquid supply manifold
to said channels and a corresponding location in regions of each
cover component between the window and said horizontal cover



considerably sinplifies registration. Thus each Ii rRE?LIﬁGEMi SHEET

! ! ! ! . P
which requires registration with the grooves and thug the 1nk chanhe

| ocations, can sinply be orientated with the datum|edlg pf | 10
t he Ilnear array. One of the nost critical processjs egzsétAgﬁt1ﬁ£§

makFnt enance of print quality is nozzle formmti on. No onl i B
preferably perforned by |aser ablation as describefl for exa_rrpl e. n 1
US- A-5189437 ( EPdBidisgdings)indy skipstoraligngnerit \altm@zmmfmwmews int he

printhead. In ac g er ur nt invention,
an extended nozzl e g'&icgl %E”%&)‘ﬁﬂgh&rﬂ 'r‘igg‘i“i@%e Pfﬁg'd ‘Lé%ﬁ'&%?at he |i near
array. The fact that the nozzle (p Bbﬁdih%llh& Matifg strataGiea$ of Reidbased
base/ cover wafer assenbly, neans that the necessary pl ane
wafer and said cover wafer by applying adhesrve and pressure to
5 bring the surface extremities of said respective surfaces substantially
into direct contact and holding the respective locations in each said

wafer in alignment thereby to form a rectangular array of m x n

U

bonded printhead components;
(B) sectioning the rectangular array of bonded
10 c‘omponénts along the said horizontal dividing lines to form a section
plane having open channel ends normal to said grooves thereby
forming m strips each compnsmg a linear array of n'bonded printhead
componernts; _
(C) linear processing of one or more linear arrays of
15 bonded printhead components butted end to end in sequence in steps
including the steps of:-

() bonding a nozzle plate to seal the open ends
of said grooves, the plate extending at least the number of channels
corresponding to Sne printhead component; and

20 : (i) forming nozzles connected with said grooves
for liquid drop ejection at a spacing correspondmg with the spacing of
said channels; and

(D) sectioning each linear array of bonded com'pon_ents
along the said vertical dividing lines to form n separate bonded

25 ~ printhead components.

In still a further aspect, the present invention consists in a
method of making ink jét printhead components, each having N
parallel ink channels of length L terminating in respective nozzles,
comprising the steps of providing a base wafer; processing the base

30 wafer to define n x N parallel groove formations of a length in excess
of m x L, where n is an integer and m is an integer greater than 1,
the section of each groove formation varying along the length thereof
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20 | surface is-achieved with mnimal addition

nozzl e plate bonded in position, preferably usinp fhe techniques| di scl osed
i n-co-pending international patent application P / 0zizl es are
formed by | aser ablation. Reference is directed this regar(? tio {EP- A- O
309 146 and PCT/ GB93/ 00250. 25 Correct §eygis rar t e new y
formed .nozzles and,th nnel.s (which gre not eg tihi s
stage) is ensur edv'm/aﬁ?f@é‘?f‘ﬂémfrﬁ reY§MiSHdA oY e #Velbl ati on

equi pment, by 1 efReeRGR] bAsd MardiihuR ?rﬁlﬁra?twéf@?a%@é\'nﬁi tvhfh fHe édverThe size
of 'the typical nozzle aperture 1s such reat care 30 I S necessary
to exclude parti ce@ndng tosidse pcbrrtlonstdiesaldmrmfmfmtlonﬁ to HermuehRhngls
printhead, this condit i s maintained b 05|t|on ver the ink
manifold. It is A%PE" #@ggy ahannel Wallse sec Q)nmg 'salid weltd? assemgl?(
5 paralle! first section lines perpendicular to said groove formatlons to

form m strips, the first section lines alternating odd and even with said

groove segments; applying to each of the said strips, at the location

of a first odd section line, a nozzle plate to define said nozzles; and,

where n is greater than 1, sectioning each strip along second section

10 lines parallel to said groove formations to form n printhead

components.

Preferably, each groove ségmen_t hés a;ajacent the even first
section lines a region of reduced wall height, accommodating
electrical terminations for the respective channels and/or serving

15 for the supply of ink to the respective channels from a common
source of ink.

Suitably, the region of reduced wall height is formed by
reducing locally the depth of the groove formation.

- Alternatively, the region of reduced wall height is formed by a
20  trench extending perpendicularly of the groove formations.

' In still yet a further aspect, the present invention consists in
an ink jet printhead comprising a base including piezo—electric
material and having parallel grooves formed therein to define ink
channels separated by active walls; electrode means for the

25 application of electric fields to selected ones of the active walls; a
cover secured to the base in a manner as to clo'se the ink channels
over a working channel length; a nozzle plate defining a nozzle for
each channel at corresponding respective ends of thé channels; and
ink supply means for the supply of ink to the channels; characterised

30 in that a trench is formed in the base extending perpendicuiarly of and
communicating with the channels, said trench defining an ink conduit
within said ink supply means.
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Figure 1 shows an exploded view in perspective of the
components comprising a single serial ink jet printhead, including a
printhead base into which parallel grooves are formed, a circuit board
with connection tracks, a cover component and a nozzie plate;

Figure 2 illustrates the printhead of Figure 1 after bonded
assembly of the cover, the nozzle piate and the circuit board
_cdmponents to the printhead base, thereby forming a bonded
printhead componeht;'

_ Figure 3 shows é rectangular base wafer comprising a
rectangular array of printhead base componentE into which parallel
grooves are formed to provide ink channels in each component;

Figure 4 shows a rectangular cover wafer comprising a
réctangular array of printhead cover components in which windows for
supply of ink and slots providing access for wire bonding to the
connection tracks are formed;

Figure 5 is a vertical section through a cover wafer;

Figure 6 is a vertical sect_idn through a base wafer;

Figures 7 and 8 are vertical sections through a bonded wafer
assembly at different process stages; ' |

Figures 9 to 12 are longitudinal sections through a linear array
of printhead components;

Figure 13 is a vertical section, similar to Figure 5, 'through' an

~ alternative cover wafer;

Figure 14 is a vertical section, similar to Figure 6, through an
alternative base wafer for use with the cover wafer of Figure 13; and
Figures 15 .and 16 show the cover and base wafers of
Figures 13 and 14 bonded together at respective, different process

steps.
Figure 1 shows an exploded view in perspective of an ink jet
printhead 8 incorporating piezo-electric wall actuatbrs operating in
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10 Fol I owi ng nozzle formation, electrical jcgnmectrons—ase
with the tracks 28 on the rearward section of the grogves in each
conponent. Unear processing is again applied either {ad \/\érgeAg rﬂﬂ%lg o]
sol dering, or by applying a'chip to the trgcks 18 i formof a_sofder
bunp process. In an operation such as wire-bonding, [there is I5
consi der abl e ef Ll &riuda! 1IELoApHEEL Bt dSTHipaHeAr 22 . of
all channels in the |Iinear arrag, extendi ng over many eventual printhead
conponent s. Oncematerialtpod¢d imthe thicknessdiiteatioad gecdves coaporeniil@vant awi re
bondi ng over the entire aryay,can proceed rapidly. 20 . Fol | owi n
el ectri cal connee?%ﬁ,p?%l {‘ggé ¢f Qardalp Iscalsgllysitated whieh fiasnt head tg

test the Inteor! byniotidlGrddis"td R hpplidatisn Bt eIéctitRdignkis 3br BrgpPer of

tests that may be app
5 ejection from the printhead.

The base companent 10 is formed with a multiplicity of parallel
~grooves 20 formed in the sheet of piezo-electric material, as
described in US-A-5016028 (EP-B-0364136). The base component
" has a forward part in which the grooves 20 are comparatively deep to
10 .provide ink channels 22 separated by opposing actuator walls 24.
The grooves rearwardly of the forward paiT are corhparatively shallow
to provide locations 26 for connection tracks 28. After forming the
grooveé ."20, metallised plating is deposited by vacuum deposition in
the forward part at angles so chosén as to cause the plating to extend
15 approximately one half of the channel.height from the tops of the
' walls, so providing electrodes 30 on opposing faces of the ink
channels 22. At the same time the electrode metal is deposited in the
rearward part in the locations 26 providing connection tracks 28
‘connected to the electrodes 30 in each channel. The tops of the
20 walls separating the grooves are kept free of platihg, either by lapping
or as in US-A-5185055 (EP-B-0397441) by initially applying a
polymer film fo the base 10, and removing the metallised plating by
causing removal of the film. After application of the metal
electrodes 30 the base componerit 10 is coated with a passivant layer
25 for electrical isolation of the electrodes from ink. |
The cover component 12 illustrated in F“lgufe 1 is formed of a
material thermally matched to the base component 10. One solution
to this is to employ piezo—-electric ceramic similar to that employed for
the base so that when the cover is bonded to the base the stresses
36 Jinduced in the interfacial bond layer are minimised. The cover is cut
to a similar width to the base component but shorter, so that after
bonding there remains a length of the trécks 28 in the rearward part
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test the integrity of the printhead either w thout ) %i@bﬁ'g
al t*ernative test liquid) in the printhead. Includefd fn the electri
25 without ink fluid are tests of the capacitapcg @ QtAUG Y9y
actuators, and the inpedance or phase at the nechapigal resonant
fregquenci es of each wall actuator. As rega8ds el ectrical Tests—wth |i nk,
the tests include conductance of the ink electrod assi vation Jand
acousti c resonahtesvered fas handedwirg conprections te the cerpecliahEa 30

Speci f1c formoft Fa4s SEaReRin L RAVE AT pPoicEs oGl Warfold ¢
provi de val uabl doctive sepplyfof giquitkik into trethasnels 28:t Thedbrward part of
the cover from the window to the forward edge 34 is of length L as
5 indicated in the diagram. This region when bonded to the tops of the
walls 24 determines the active channel length, which governs the

volume of the: ejected ink drops.

tests

The base component and cover component are illustrated after
bonding in Figure 2. The method of bonding is disclosed in
- 10 co-pending international patent application PCT/GB94/01747.
Particular care is taken by attention to the machining tolerances of the
forward edge 34 of the cover component 12 and its alignment with the
corresponding edge of the base component 10 and by the design of
the assembily jig to ensure that the front faces of the bonded
15 printhead component 36 are held co—planar for attachment of the -
nozzle plate 14.
The nozzle plate 14 consists of a strip of polymer such as
polyimide, for example Ube Industries polyimide UPILEX R or S,
' coated with a non-wetting coating as provided jn US-A-5010356
20 - (EP-B-0367438). The nozzle plate is bonded by application of a thin
| layer of glue, allowing the glde to form an adhesive bond in contact
with the front face of the bonded component 36 thereby forming a
bonded seal between the nozzle plate 14 and the walls surrounding
each channel 22 and then allowiné the glde to cure. After application
25 of the nozzle plate, nozzles are formed in the nozzle plate connecting
" into each channel 22 at the nozzle spacing appropriate to the
printhead, as disclosed in- US-A-51 89437 (EP-B-0309146). The
number of nozzles and ink channels in a serial printhead is
typically 50-64. The nozzles 38 are indicated in Figure 2.
30 After assembly of the bonded printhead componént 36, the
circuit board 16 is bonded to it to provide connection tracks 18, and
bonded wire connections are made joining the tracks 18 to
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-22 - testing is simlarly a linear process step. Elés’t.af‘mgﬁeﬁmm HHEET pear

array may take still other forms. Thus, where el e¢tfical term natjoh

i ncl udes connection to a drive circuit, testing can iny@lxeatq%a:t bal
ejection of ink or test liquid fromthe 5 nozzles i'n "real™ pr
simul ated printing. After conpletion of tH& Tineat ocesstag—steps| the

| i near arrays are sectigned with each arrgy.then
conponents. The %Oé'ﬁeﬁpﬁ’ﬁﬁw gqrg}f;cltlgng‘:a&%&%w e s

edge so that par@mhgbn&i et ween the channels and the 10 rel evant edges
of the final conponent is assured. |If an appropriately formed jig is

enpl oyed for the |ineBhe grintheadi compgnerd 36 sshen suppliedwithdnktand array as

an earlier st ep’otslmértapeczt vrw]/ﬁhjsiuﬁag%i \%(é&ig@ sr}gnglgevia the tracks 18, is designed
5 . for use typically, when traversed either normally or at a suitable angle
to the direction of motion across a paper printing surface, to print a
single line of characters at a time of height about one sixth'to one
tenth of an inch.

Accordingly it will be realised that the components above are

10 gener_ally very small, typically the size of a finger nail, and that the
details described are so small that they can only be inspected under a
microscope. At the same time the component i& designed for mass
manufacture under clean conditions in quantities of thousands up to
tens of thousands per day where it will be seen that it is difficult to

15 handle single small precision components in such large quantities
under clean conditions with a high manufacturing vyield.

The piezo-electric ceramic material used in the construction of
the printhead is available in wafers of the order of 10 cm in size. It
has therefore been a desirable process abjective to develop a method

20 of wafer scale manufacture, whereby appropriate sub—-components of
the printhead are capable of manufacture and bonded assembly on a
wafer scale. In accordance with this invention the wafers are then
divid,ed into linear arrays of printheads butted end to end and are
subjected to linear processing in pl;ocesses such as bonded

25 attachment of the nozzle plates, nozzle forming, wire bonding,
electrical performance testing, cleaning with flushing fluids, filling with
ink, before being separated for use.

On such a scale the production is reduced to manageable
proportions so that for example the production of 10,000 serial

30 prin-theads in one day demands a total wafer area of up to 0.5m?
involving typically one hundred wafers during the wafer processing
étages and a few tens of metres of linear length of printhead array



Wth the linear array being sectioned at | ocati
the datumformation - and thus in register with the channels -jif is
conveni ently assured-that each conponent has a ext2enalUGde®ainii h register
wi fh the nozzles. This enables sinple |ocalion|off printhead cohpbnents with
respect to each other or with respect to a carii er or ot her conppnent of

1ahe printer. 20 during the lingar pjocessiagreepsd 984 t hat whil st thi
escription has concept: : IWE - {4 it on
specific processing s é%g%g‘?%@g?(%e/@ﬁ?elcbﬁésfesrﬁgﬁ%éargw ﬂg%gﬁggpr;ﬂgrgflﬁééﬁhods
of making i nf J ehrrags (r?!f][p]?eiamezdmnl pohents, divided frone wafer-sdalef boredad waf er
processi ng steps an i fferen i near arra rocessi.n t eps. ilst 25
t he exanpl e has Bé%‘?mbb%rﬁrlﬁbtl%ﬁm%gﬁﬁd éF‘g\MPE?S%@S? ﬁ’g 'QSﬁWHB%}ht 0
5 . printhead components to be kept to an absolute minimum.
Returning to the drawings, a rectangular base wafer 110 of
thickness poled piezo-electric ceramic carrying 14 x 14 base
~ components 10 is illustrated in Figure 3. The base wafer 110 has

straight édges 102 and 104 used during wafer scale processing for

precise registration required for the subsequefif--k4 neal esstng steps.
Xonsff‘ w@f’gﬁkﬂs with

10 alignment by locating the wafer in each processing step in contact
with three dowel pins 111. One edge 102 is placed in contact with
two pins in the process jig and the section edge 104 is pressed
against the remaining pin. | By this means the wafer is located in the
jigs used for wafer scale processes such as forming

15 grooves 120 to provide ink channels, bonding the base wafer 110 and
the cover wafer 112 (shown in Figure 4) in alignment, and sectioning
the wafers after bonding to form linear arrays of bonded printhead
components 136. |

. . The base wafer is illustrated in Figure 3 divided into regions

20  defininga 14 x 14 rectangular array of base componerit's 10 by an
overlay (;f' horizontal and vertical chain dotted lines 106 and 108. The
horizontal chain dotted lines represent the dividing lines along which
the rectangular bonded wafer arrays are sectioned to form the linear
arrays of bonded components 1 36. The \;ertical chain dotted lines

25 represent the dividing lines along which the linear ai'rays of bonded -

| components may be sectioned subsequent to completing the linear
processing steps such as nozzle forming, electrical connection and
testing of the bonded component. The locations of the chain dotted
lines in the wafers 110 are dimensidnally determined by locations in

30 the jigs (not shown) containing the three dowel pins.

The base wafer component is Subjected to a series of

processes performed on a wafer scale to form a rectangular array of
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polymer film is applied to the wafer as disclosed in US-A~5185055
(EP-B-0397441). Next a multiplicity of parallel grooves 120 are
formed in the wafer - for example by sawing or dicing with a
diamond/metal dicing blade - to provide grooves in the area of each

base component 10 corresponding to those described by referénée to

Figure 1 which provides ink channels 22 separated by oppqsing

piezo—electric actuator walls 24.

As best seen in the section of Figure 6, the base components
are arranged in pairs symmetrically on either side of the horizontal
dividing lines 106, so that the grooves in the forward part — which are
comparatively deep to provide ink channels 22 - are continuous
between the pairs of components in horizontal linear arrays numbered
1&2, 384, 586, ...... 13&14. The grooves in the rearward part — which
are comparatively shallow to provide the locations 26 for connection
tracks 28 - are continuous between the pairs of components in
horizontal linear arrays numbered 2&3, 4&s5, ....... 12&13. The vertical
section profile of the grooves is shown in the wafer section in '
Figure 6. Thus the closely spaced parallel grooves are continuous in
the vertical direction in 14 stﬁps divided by the vertical dividing
lines iOB and. extend substantially the full vertical dimension of the
wafer. ‘Each groove is formed in one pass varying the blade depth'
during its passage along the gro'o{ré. In the periphery of the wafer is
shown a kerf of wafer material which protects the inner working region
from becoming chipped during wafer handling and does not form part
of the array of base components 10. The wafer 110 is located by
dowel pins in the sawing jig against edgés 102 and 104.

- As will become evident, it is desirable in certain of the
subsequent processing steps — particularly those conducted on linear -
arrays — to provide assured registration with the grooves that are cut
in the wafer scale processing. This can be achieved by the formation,
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corresponding to Figure 6. In this form after -ip
waf.er conponent 210 undergoes a nunber of procgss steps
being to cut trenches 211 horizontally across the vﬁﬁtAUﬁ)ﬂ9%he fer in the
regions corresponding to the rearward parts ofjthe base conponenfs 10.

Si nice the conponents are arranged on eith€r1%r‘je of “hori zontal dj viding
lines 106, the trencBes ar
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5 any one of the strips, therefore, registration with the datum edge will
assure registration with evefy channel in that strip. The importance of
this feature will become clearer as the linear processing steps are
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explained. |
The datum edge may be formed as a cut through the entire
10 wafer, for example removing the kerf at an edge remote from the
locating pins. Alternatively, the edge may be formed as a recess
serving as the weakening line for a subsequerit breaking operation or
as simply a datum formation. In a further alternative, a datum edge is
formed, not simultaneously with the grooves, but in a subsecjuent
15 operation which preserves the same location of the base wafer that
was used for cutting the grooves. As will become apparent, this is the
alternative employed in the presently described embodiment.
After forming gi’ooves as described above and cleaning,
electrode metal is deposited as described above by' reference to
20 Figure 1 on a wafer scale, following which the polymer material on the
tops of the walls is removed, and an electrical passivating layer is
" deposited over the wafer covering the tops of the walls and the sides
and the base of the grooves providing an insulating coating to isolate
the ink in the ink channels from the electrodes. -
25 In the metal deposition step however a mask is placed along
the horizontal dividing lines 106 which divide the groovéd endé of
component pairs (i.e. the horizontal lines between linear arrays 1&2,
3&4, ...... 13&14) so that the metal is deposited short of the ends of
the channels after dividing into horizontal arrays. After passivation
30 and cutting along the horizontal dividing lines the plating is then
concealed so that is not exposed at the cuts ends of the channel
walls.
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connection to be made after cutting into horizontal linear arrays.

A correspdnding re'ctangular cover wafer 112 is shown in
Figure 4." This is similarly bounded round its periphery by straight line
edges 142 and 144 used for locating the cover wafer against
corresponding dowel pins in the dimensionally critical wafer process
steps. For example when the wafer edges are pressed against dowel
pins provided in a jig, notional_horizontal and vertical dividing lines
which are dimensionally determined in the jigs form an overlay which
divides the wafer into a rectangular array of
14 x 14 regions each containing a cover component 12. The
horizontal and vertical dividing lines are illustrated in Figure 4 by
ﬁorizontal and vertical chain dotted lines 146 and 148,

Typically the cover wafer 112 may be a PZT wafer of similar
but thinner material than the base wafer 110; or may be a wafer of
borosilicate glass, or a low thermal expansion glass—ceramic such as
cordierite or alumina, or any other maferial whose thermal expansion
coefficient closely matches that of the base component. Initially the
cover wafer is lapped or otherwise plénarised. The cover wafer is
then cut using process equipment such as a laser cutter in which a
laser beam is steered to correspond with the dimensions specified.
This process is carried out in a jig by locating the wafer at its wafer
edges 142 and 144 against dowel pins. Machining by milling may
also be adopted, as may ultrasonic machining. This technique
involves ultrasonic vibration of a hardened tool piece in.an abrasive
slurry of, for example, boron carbide. In the co-ordinates provided by
the jig, the wafers are cut so as to form the windows 132 aligned in a
vertical and horizontal array and the horizontal slots 128. The
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After forming wmdows in the cover, the tops of the walls of the
base component are coated with a bond material, and the cover
component is aligned and brought into contact for bonding with the
base component. The bonding' process which is disclosed in
co-pending international application PCT/GB94/01747 is also suitable
for application at wafer scale.

Glue can be applied using an offset roller, with the rate of
application being governed by the depth of dimples provided-on the
roller. There can be advantage in applying different depths of glue or
different formulations of glue, in different locations across the wafer
structure. For ex_ampie, a relatively thin layer of epoxy material can
be applied on the top of the actuator walls 20 and a relatively thick
layer — typically of silica—loaded epoxy, applied on the shaliow _
grooves 26 on which the tracks 28 are formed. It is convenient to
employ different rollers, each correspdnding to a particular giue

. formulation or glue depth. Each roller has dimpled regions
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corresponding with those areas on the wafers in which the roller is to
be effective and is recessed in other regions. Glue can be applied to
the base wafer alone, the cover wafer alone or to both the base and
the cover wafer. , _

- The thicker layer of glue pléced in the shallow grooves which
form the locations 26 for the tracks 28, serves to effect a seal. The
silica-loaded enhances giue viscosity and thus reduces the tendency -
for glue to flow outwardly in a manner which would obstruct a
subsequent wire bonding. if difficulties are nonetheless encountér'ed,
migration of glue along th.e track, beyond the confines of the cover
wafer can be prevented by the application to the outer regions of the
tracks, a blocking agent which has a low surfé_ce energy. Application

of the blocking agent can similarly be conducted using a roller and



and the base of the grooves, thereby coati ng| R, fefl'efétr(bcfes“ﬁ"ﬁ i sol ate the
ink in the ink channels fromthe active elecjr I n these
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The cover wafer cted, f mat ' | ndllc

reference to co(?éﬁmiai??aﬁﬁu' asbl &?58@ RS BrovHE ! éebc{(/val S
233 of the ink pmnefsidbdsn de- toh@g‘d)wgté}f a pair of walls in ar eas
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5 in the bonding jig against dowel pins. By this means the notional
dividing lines 106 and 108 which divide separate base components in
the base wafer are brought into alignment with the dividing lines 146
and 148 which divide separate cover components in the cover vx;afer.
‘The bonding process involves pressing the components together by
10 pressure, typically 5SMPa, to cause the bond material between the
planarised faces of the wafers to flow and to allow the faces to be
brought substantially into contact. The press isthen heated allowing
~ the bond material to flow again and to be cured to form a rectangular
array of 14 x 14 bonded printhead components 136. In a
15 ‘modification, the press plates are heated before being brought into
contact with the wafers. This avoids any risk of thermal expansion of
the press plates, whilst in contact with the wafers, causing cracks or
other damage. An alternative solution is to employ low thermal
expansion press plates, such as made from borosilicate glass sheets.
20 - To ensure that a uniform bond thickness is achielved over the
entire wafer, it is desirable to provide one press plate which is rigid
and another which has a degree of resilience. This can be achieved
for example by the use of an elastomeric pad. The degree of resilient
deformation necessary to ensure uhiform bond thickness is typically in
25 the region of 20 microns. it is found that an elastomeric pad having a
dimpled structure is better than a flat pad, providing 20 micron '
deformation at 5 MPa.. |
The above process in which printhead components are bonded '
by applying a bond material, and pressiﬁ_g and heating the
30 components in a wafer scale has the advantage that, as a larger
_number of parts are processed at one time, longer periods can be

afforded to complete the bonding cycle than is available when
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5 - occurred. A lower bond curing temperature also reduces the

Cortts (1

problems of thermal expansion coefficient mismatch, thus increasing
the range of materials that can be used for the cover.

With the wafer assembly remaining in contact with the dowel
pins, the kerf from both the base and cover wafers is removed along

10 the vertical edge remote from the dowel pins. This creates the
- previously mentioned datum edge or formafion which extends paraliel
to - and in precisé registration with — the grbo(fes cut in the base
wafer. If desired, the kerf can at this stage be removed from the
horizontal edge remote from the dowel pins, forming a subsidiary,
15 horizontal datum.

As _shdwn in Figure 7 the windows 132 now provide apertures
for an ink supply manifold to supply ink to the channels 22 of each
printhead component. There may, if necessary, be more than one
window per printhead comporient. Also, the half depth windows

20 defined by slots 128 in the cover, bridge the locations 26 for the.
connection tracks 28, where the electrodes 30 of the channels 22 in
each printhead component are connected by wire bonding. These
half depth windows are at a later stage sectioned as in Figure 8 to
expose the connection tracks prior to wire bonding. Between the

25 windows 132 and the adjacent horizontal dividing lines, there is a
length L of the cover component bonded to the walls which controls ,
the active length of channels in the wafer component. The covers on
the other side of the horizontal dividing line are located symmetrically,
so that the distance separating pairs 1&2, 3&4, ...... 13&14 of the

30 windows in the vertical direction is 2L. The windows are dimensioned
similarly to the manifold windows explained by reference to Figure 2.

The array of bonded printhead components 136 is also



mani f ol d between the actuator walls and the re
1996 -25 - manifold. However, it will be appar
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YY and SS illustrated in Figure 8. Figure 9 on Section ZZ is a section
through the windows 132. Figure 10 an Section TT illustrates the
channel section. Figure 11 on Section YY shows the view of the
printhead components as seen on the nozzle plate bonded to the cut
ends of the ink channels. Figure 12 on Section SS is a section on
the connection tracks 28 showing the base wafer 110 and the half
depth window 128 in the cover. '

After bonding, the rectangular array of bonded printhead
components- is sectioned along the horizontal dividing lines to form 14
linear arrays each comprising 14 bonded printhead components joined
laterally at the vertical dividing lines, typically by means of a diamond
impregnated dicing saw. One set of alternate section lines is cut
through the slots 128, ining access on either side thereof to the
connection tracks 28 for electrical connections. The other set of
alternate section lines forms a section plane 34 through the open

- ends of the channels in the printhead components on either side
- thereof, the length of the channels being the distance L from the

section plane to the windows 32. Advantageously the quality of the

section plane at this end is suitably planarised for the application of a

nozzle by bonding as indicated in co-pending international patent
application PCT/GBS84/01747. To _reduce the effects on the planarity
of this section plane of edge wear in the diamond impregnated dicing
saw, it is preferably arranged that the saw projects a substantial
distance through the bonded wafer.

The bonded wafer is located in the dicing jig during the wafer

sectioning process by three dowels similarly located.against the wafer

edges to locate the horizontal dividing lines along which the bonded
wafers are sectioned. In this way, reQistration is assured between the
channels and the horizontal dividing lines. Alternatively, if preferred,
registration can be achieved using the horizontal and vertical datum
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Although the description provided above with particular
reference to Figures 3 to 12 relates to a rectangular array of wafer,
cover and bonded printhead components comprising a 14 x 14 array
of parts, it will be realised that these numbers are for illustration only

10 and a smaller or larger wafer may be empioyed. ft will usually be
preferable however for the vertical wafer dimension to be chosen so
that an even number of linear arrayé of compon‘énts are adopted, so
that opposed pairs of components are made in the vertical direction.
There is also freedom to vary the component dimensions in the

15 vertical direction_ according to pfoduct design. The dimensions are
made greater in the verticél direction, in order to generate larger
drops, or smaller, if the drops-are'smaller when operation occurs at a
higher resonant frequency. When such changes are implemented
theré is greater or less number of componénts in line in the vertical

20 - direction in the wafer. .

Also the components have been described as printheads of
width typically 6ne sixth to 'one tenth of an inch (4-2.5mm) but
printheéds may be wider, if for example they are mounted at an -
angle, to increase the print density, or to print over a wider width. In

25 the limit the component width is fimited to one printhead component in
the linear array, by the wafer width. However several components
may be butted together and bonded to a common cover component to
form an array of butted components wider than one wafer as
disclosed in co-pending patent application WO/91/17051.

30 The stép of sectioning the rectangular array of bonded
printhead components is the final process step carried out on a
rectangular array of bonded components. After forming linear arrays
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performed. Whilst each linear array will probably require mounting in

a suitable jig for these linear processing steps, there is of course an
n—fold reduction in the number of jig loading and unlgading

5 operations. Importantly, the retention of a datum edge on each array
which derives from the wafer—scale groove cutting operation,
considerably simplifies registration. Thus each linear processing step
which requires registration with the grooves and thus the ink channel
locations, can simply be orientated with the datum edge at an end of

10 the linear array.

One of the most critical process steps for the maintenance of
print quality is nozzle formation. Nozzle forma-ﬁon is preferably
performed by laser ablation as described for example in
US-A-5189437 (EP¥B—0309146) after bonding of a nozzle plate to -

15 the printhead.

In accordance with a preferred feature of the present invention,
an extended nozzle plate is bonded along the entire length of the
linear array. The fact that the nozzle plate abuts a cut surface of the
bonded base/cover wafer assembly, means that the necessary plane

20 surface is achieved with minimal additional processing. With the
nozzle plate bonded in position, preferably using the techniques
disclosed in co-pending international patent application
PCT/GB94/02341, nozzles are formed by laser ablation. Reference is
directed in this regard to EP-A-0 309 146 and PCT/GB93/00250.

25 " Correct registration between the newly formed nozzles and the |
channels (which are not easily'visible at this stage) is ensured by
locating the strip of components in the laser ablation equipment, by
reference to 'the datum edge at one end of the strip.

The size of the typical nozzle aperture is such that great care

30 s necessary to exclude particulate matter from the ink channels. In
the working printhead, this condition is maintained by a filter
positioned over the ink manifold. It is also neéessary, however, to
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havi ng a predeterm ned nunber of droplet |iquild channels conpri I ng the
steps of surface area processing on a wafer schlg EP9 argy
rectangul ar array of bonded head conponents, sectlonlng sa 3 riedt angul ar
array to formstrips each conprising two or nofe-bonded—tread—Tonponent s
each having the predeterm ned nunber of dr@plef |iquid channels fin a Iinear
array; and |inear processing of a plurality of "sard Tt near arrays including

form ng a nozzl eehsurecthah nohgartiellatd Gesidue Zrom tite mmwacfamngrmpﬂgss o Caim
1, wherein the ste

I hear oces urther ude
el ectrical terni ?lﬂ?s'"v&?‘?ﬂ"'f i aeﬁsﬁﬁgf?f exnozzlg H@Ftﬂlf’sg@%rnp%f%sggg C aim
1, wherein t he Shaeiaf h'éheéfra %&?@ﬁ% i @cEordanee willf thel BReseime ifVentiBhgitt est
operati ons. according to any one of the precedlng
cl ai s, becomes possuble as essentially the first step in the linear processing,
5 to add filters over the ink manifolds provided by the windows 132.
Then, it is possible to flush all the channels forwardly through the

filters and to secure the nozzle plate in position with the assurance

~ that no particulate residue is trapped between the filter and the nozzle
plate. _

10 : Following nozzle formation, electrical connections are made
with the tracks 28 on the rearward section of the grooves in each
component. Linear processing is again applied either as wire bonding
or soldering, or by applying a chip to the tracks 18 in the form of a

- solder bump proceSs In an operation such as wire~bonding, there is

15 a considerable efficiency arising from the assured accurate
registration of all channels in the linear array, extending over many
eventual printhead components. Once registration with the datum
edge has been achieved, wire bonding over the entire array can
proceed rapidly.

20 Following electrical connection, voltage signals may be applied

| to the printhead to test the integrity of the printhead. '
There are a substantial number of tests that may be applied to

test the integrity of the printhead either without or with ink (oran
alternative test liquid) in fhe printhead. Included in the electrical tests

25 without ink fluid are tests of the capacitance of the wall actuators, and
the impedance or phase at the mechanical resonant frequencies of
each wall actuator. As regards electrical tests with ink, the tests
include conductance of the ink electrodes and passivation and
acoustic resonances of the ink in the ink channels. Experience has

30 shown that each test is capable of revealing the presence of one or
more specific form of fault arising in broduction. Electrical tests
therefere provide valuable control of process parameters. Electrical



wherein the step of surface processing conprisesf{{f e g ing a
f*:;mm

base wafer; formng grooves in the base wafer angk ésic'éﬂ# rwafer to
the base wafer so as to close a portion at leastjof each groove,|thereby to
form dropl et deposition channels. 20 5. A et h(@lgqqg:@r;?bﬁ[zg tio Caim
4, wherein a common cover wafer is bonded22o-a pjurality of biase.
vvafers. 6. A nmet hod according to Caim4, wherki imthe-step—of— ocating a
base waf er util itestingisgsimilagy st lirgdrgprocess step. 7 A net hod aCCOI’Bi ng to

any one of Caims 4 t'PesQingvm%g ili?metap %rray may take still other forms. Thus,
' where electrical termination includes connection to a drive circuit,
testing can involve the actual ejection of ink or test liquid from the
5 nozzles in "real* or simulated printing.
After completion of the linear processing steps, the
'-lihear arrays are sectioned with each array then providing n printhead
components. The sectioning step is preferably in register with the
datum edge so that parallelism between the channels and the
10 relevant edges of the final component is assured. If an appropriately
formed jig is employed for the linear array,Tt may be possible to
section the array as an earlier step, with the jig-_maintaining the
precise registration required for the subsequent linear processing
steps. With the linear array being sectioned at locations in register
15 with the détum formation — and thus in register with the channels - it
is conveniently assured that each component has an external datum
in register with the nozzles. This enables s'imple location of printhead
components with respect to each other or with respect to a carrier.or
ather component of the printer.
20 it will be recognised that whilst this description has
| concentrated on a specific construction and therefore on specific
processing steps, the invention is broadly applicable to methods of
making ink jet printhead components with a variety of different wafer
processing steps and different linear array processing steps. Whilst
25 the example has been taken of a single covef wafer being bonded to
a single base wafer of substantially the same area, it may be
convenient in certain applications to bond a number of base wafers to
a single cover wafer. Also, but less likely to be useful, multiple cover -
wafers can be bonded to a single base wafer.
30 . There will now be described an alternative printhead
construction to which the teachings of the present invention are also
applicable. '
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step of surface area processing further conpri ses*tﬁe*‘sr‘ep‘vf“f[orm ng, with

the sane |ocation of the base wafer as used in fhe f sfaiid grooves,
at | east one datum formation defining a datum ] ng éﬁﬁﬂ@\}ﬁé the step

of sectioning said rectangular array conprises f{ol erpendlcular

‘to°the datumline with each strip cont arFn23g- a segnment of said data
formati on and wherein the step of |inear proces

registering with sai figyse drh $h9wmﬁn@{te§eg for, of, B35 avaley 5ﬂ'ﬁ\9ﬁ?f‘eﬂft h said
' \C/i\;\glrolaletn ?ﬁgle ;[ngIJ% ati%n a srngl enﬁl dw.@m&f{ﬂﬁ?‘i‘oé‘iﬁg@@%&g So%nzdat um
lplr gsl ggdaaV\@f er cé@éémnding to Kigwe g d I tisfoimyatter pblirigraid lapping, thet her eis
base wafer component 210 undergoes a number of process steps,
5 the first being to cut trenches 211 horizontally across the width of the
wafer in the regions corresponding to the rearward parts of the base
components 10. Since the components are arranged on either side of
horizontal dividing lines 106, the trenches are cut with a width to
accommodate the supply manifold for the supply of liquid ink into two

10 ink channels and the connection tracks of the back-to-back

components. Between the trenches 211 thére remains sufficient
wafer material so that the grooves 220 in the forward parts can be
form.ed to provide ink channels continuously between pairs of
| compdnents placed front-to-front on either side of horizontal dividing
15 lines 106 between the alternate component pairs.
After forming the trenches 211 in the base wafer
r_:omponent 210, a polymer film (as in US-A-51 85055 or
EP-B-0397441) Is applied to the base component and made to
adhere in both the forward parts and the trenches 211 in the rearward
20 parts. Grooves 220 are then formed in the wafer providing ink
channels 22 in the forward part of each base component 10
- separated by opposing piezo-electric actuator walls 24. The grooves,
also penetrate the film in the trenches 211 in the rearward part
forming comparatively shallow groéves‘ in the rearward part to provide
25 éonnection tracks 28 aligned with the ink channels 22.

As with the previous embodiment, the grooves are continuous
along the length of the wafer 210 in the vertical direction and are
formed each in one pasé of the cutter. It will be noted that this
component design is reduced in length compared with the design
. 30 fllustrated in Fgure 6 because there is no run-out formed as a

consequence of the cutter radius.

After forming the grooves as discussed above, and cleaning,
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metal from the tops of the walls. The passivating layer is next
deposited over the wafer covering the tops of the walls and thé sides
and the base of the grooves, theréby coating the electrodes to isdlate
the ink in the ink channels from the active electrode components. In
these steps local masks are located in the regions of the horizontal
dividing lines as previously indicated.

The corresponding cover wafer 212 is shown in Figure 13 in
section along a vertical dividing line 146. The cover wafer is selected
from the materials previously indicated by refefence to cover 112 and
is machined by milling, to provide rear wélls 233 of the ink manifolds
in the form of a pair of walls in areas corresponding to each trench.

‘These walls extend from the inner face of the cover by thie same

distance as the height of the actuator walls in the base wafer and
extend the full length of the cover in the horizontal direction.

After forming the base wafer 210 and the cover wafer 212,
there components are covered with a glue bond layer on the top of
the actuator walls 24 and on the tops of the manifold rear
walls 233 and then aligned, brought into contact and pressed
together' in a bonding jig, as previously described to form after curing
an array of bonded printhead cdmponents 236. The bonded
component is illustrated in Figure 15.

After bonding, the array 236 is sectioned along the horizontal
dividing line 206, 246 to form linear arrays of printhead components.
During sec‘:tioning the cover is also cut in thé region of slots 228
between the rear walls 233 of the manifold for access to the
connection tracks. In this design, access for ink may be provided not
as in the array of linear components 136 through windows 132
formed in the cover, but by supplying ink from the ends of each
manifold between the actuator walls and the rear walls of the
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linear array is divided into conponents at |ocatipns in reql ster
datum formation. 15. A nmethod according to anyjope 29 ANGIRS
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| ushed prior to bonding of the nozzle plate
‘Whilst the structure described with reference to Figures 13 to

16 can with advantage be manufactured usmg a method as previously
described, it can also be made in other ways. Indeed, the
advantages which this structure offers, principally in reducing the
length dimension in the piezoelectric material, are not dependent upon
the manner in which the process steps are arranged. The saving in
piezoelectric material can be expected to become more important in
relative terms as the active length of the channels decreases. Thus,
the use of a trench, perpendicular to the channels, to provide an ink
conduit will be of considerable benefit .in printhead designs operating
at high frequencies with short channels.

It should be understood that this invention has been described
by way of examples only and a wide variety of modifications can be
made without departing from the scope of the invention.

The benefits of a datum formation created in the same
operation as the grooves (or in a separate operation preserving the
same location of the base wafer)'heVe already been explained. A
eingle datum formation can, after sectioning into linear arrays provide
‘one segment of the datum formation in each arr_ay. This segment will
provide for accurate registering during the linear processing such as
nozzie formation. If desired, a plurality of datum formations can be
prdvided: in one example, a sufficient number are provided to give
each printhead component a precise datum. In this way, a positive
chain of registration can be achieved from the base wafer to the
individual printhead component.



18. A method according 1o any one of the precegh | wherein said
base wafer conpri sfﬂﬂ'ﬂﬂﬂ "lﬂﬂl‘lum terial. 19)REX AGTNBYTatkmeT ng to
Claim 18, wherein tH# ; sing the ba ¢eﬁ13+2i:%“,é'3 provi di ng

adjacent groove formations. 20. A methad“Accor &il9pé19,

sai d el ectrodesenqr, ovided i'n a deposition pr 21 A_ngt Hod
according to G%ﬁ‘#j%gor Claim20, wherein 20

shear node. 22. A nmethod of making ink jet pri
having N parallel ink channels of | enqt h L termnating in respective

nozzl es, conpri & ng fr@etiasef mrkingoRiaed drepishderaaitien headseachi ng t he
base having a predetermined number of droplet liquid channels comprising
the steps of surface area processing on a wafer scale to form a
5 rectangular array of bonded head components, sectioning said

e

el ectrodes for 15 appri cation*of fiel to waj | i%% ned bet
di ing
0

rectangular array to form strips each comprising two or more bonded
head components each having the predetermined number of droplet
liquid channels in a linear array; and linear processing of a plurality of
said linear arrays including forming a nozzle for each channel.

10 2. A method according to Claim 1, wherein the step of linear

processing further includes connecting electrical terminations with the
channels.

3. A method according t6 Claim 1, wherein the step of linear
processing further includes one or more test operations.

15 4, A method according to any one of the preceding claims,
wherein the step of surface processing comprises the steps of
locating a base wafer; forming grooves in the base wafer and bonding
a cover wafer to the base wafer so as to close a portion at least of
each groove, thereby to form droplet deposition channeis.

20 5. A method according to Claim 4, wherein a common cover
wafer is bonded to a plurality of like base wafers.

6. 'A method. according to Claim 4, wherein the step of locating a
base wafer utilises edge registration.



{REPLACEMENT driid

wafer to define n x N parallel groove formatijorfs~of 4 Iength I N excess
of 'mx L, where mand n are integers greater itHa ;Qﬁ‘% ‘%3{9% di g a cover

over said base wafer in an integral wafer assen

cqver serving

b=
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to said groove fgrmatpometiad docardingsto anyg opeCor SERMEON 6 whiebelg thecond
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said grooves, at least one datum formation defining a datum line,
wherein the step of sectioning said rectangular array corhprises
forming strips perpendicular to the datum'line with each strip
containing a segment of said data formation and wherein the step of
linear processing includes the step of registeringi with said datum
formation segment to assure alignment with said droplet deposition
channels.

8. A method according to Claim 7, wherein there is provided a
single datum formation providin-g a common datum line on a wafer
scale.

S. A method according to Claim 7, wherein there is provided a
plurality of datum formations providing respective parallel datum lines
each extending across said strips.

10. A method according to Claim 7, wherein said datum formation
comprises a cut edge parallel to said grooves.

11. A method according to Claim 7 wherein said datum formation
comprises a slot parallel to said grooves forming a weakening line for
a subsequent breaking operation.

12. A method according to any one of Claims 7 to 11, wherein said

nozzles are formed at locations in register with said datum formation.

13. A method according to any one of Claims 7 to 12, wherein said
electrical terminations are connected to each linear array at locations

in reglster with said datum formanon -

\|||\||\ 1 A A



10 23. A nethod according to Caim 22, MMCEN@MﬁHE@‘ of like

base wafers aré formed with a conmon cover in fan i ntegral wafdr lassenbly.
24. A nethod according to Claim 22, wherein the] step MG 1996cgsdi ng t he
base wafer to define groove fornmations ingl.ud t he 15 defiinition of a
datum formation parallel to said groove Té nmatj ons and positi.ongd such that
each of the striqs re ' rQm: tionjd enbl y

al ong said fi rstﬂs'ect/?%étbﬁﬁécggmlégﬁg%g&séfggng of the datumTtormation
provi di ng regi steathi imeanidriay isadividedristoscarhpbhehtssatrlopati@ts in register A

met hod accordin one Pf Clainms 22 to 24, wherein said groove

.io an
formations are fYHhERdSaALIArE@I®RI of naterial. 26. A nethod according
to Claim25, wherein said groove.

15. A method according to any one of Claims 1 to 14, wherein the
5 . step of forming applying nozzles comprises bonding to each strip a

nozzle plate for defining a nozzle for each channel of the strip.

16. A method according to Claim 15, wherein nozzles are formed
éubsequent to the bonding of the associated nozzle plate.
17. A method according to Claim 15 or Claim 16, wherein the

10 channels of each strip are.flushed prior to bonding of the nozzle plate.

18. A method according to any one of the preceding claims,

wherein said base wafer comprises piezoelectric material.

19. A method according to Claim 18, wherein the-step of
processing the base wafer comprises providing electrodes for

15 application of fields to walls defined between adjacent groove
formations. ’

20. A method according to Claim 19, wherein said electrodes are

provided in a deposition process.

21. A method according to Claim 19 or Claim 20, wherein
20 said walls are movable in shear mode.

22. A method of making ink jet printhead components, each having
N parallél ink channels of length L terminating in respective nozzles,
comprising the steps of providing a base wafer; processing the base
wafer to define n x N parallel groove formations of a length in excess

1N -




formations are formed by saw ng. 27.
Clainms 24 to 27, wherein the 25
formation are forned in a single operation.

REPLACEMENT SHEET!

A .met hg Fa¥avalas iralous
groove fqrrations and th
- 329 ABG B%6eth¢d according

to any one of the preceding clains, vvhereig dadh groove formtifon varies
A n

periodically in depth along its length. 2

wherein the period of said 5 anddr?%rrgh){t%bla?é
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et hod accordingfto C aim 28,
T iding a

cover over said base wafer in an integral wafer assembly, witﬁ the
cover serving to close portions of said groove formations to form
channels; sectioning said wafer assembly along parallel first section
lines perpendicular to said groove formations to form m strips each
sectionable along second section lines parallel to said groove
formations to form n printhead components; and applying to each of
the said strips, at the location of a first section line, a nozzle plate to
define said nozzles. . |

23. A method according to Claim 22, whérein a plurality of like
base wafers are formed with a common cover in an integral wafer
asserhbly. '

24, | A method according to Claim 22, wherein the step of
processing the base wafer to define groove formations includes the
definition of a datum formation parallel to said groove formations and
positioned such that each of the strips resulting from the sectioning of
the wafer assembly along said first section line contains a segment of
the datum formation providing registration with the channels of that
strip.

25. A method according to any one of Claims 22 to 24, wherein
said groove formations are formed by the removal of material.

26. A method according to Claim 25, wherein said groove
formations are formed by sawing.

27. A method according to any one of Claims 24 to 27, wherein the '
groove formations and the datum formation are formed in a single
operation.

-
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30. A method according to Oaim 22, wher ei n ?@@msp@bﬁ uﬁ‘”‘dﬁ@ﬁg’é ing the

base wafer to define |
waf er symmetrically jEﬁgﬁl\ I Lsﬁgé ¥ h
opposed pairs of bas

of the preceding clains, \/\herel n said base —fer
material. 32.

processi ng the baSe wafer conprise

‘onpri ke —|Ullllllg grooyes in the

onkel o Mbﬁg@%dnﬁ "To any one

bzdel ectric
of
| i cati on of

i

I”

Aot hadrageoy diagy fsn%prow i ng

fields to walls dm‘érelacbdmﬁgmeneetdnmamn varieoperiddically irf deptht along.its33. A
met hod according to C aim32, wherein said electrodes are provided in a
deposi tion proce@ gths. A method accor di ng to Claim 33, wherein regions
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29. A method according to Claim 28, wheréin _the_ period of said

depth variation is period is 2/m.

30. A method according to Claim 22, wherein the step of
processing the base wafer to define groove formations comprises
forming grooves in the wafer symmetrically on either side of horizontal
dividing lines to form opposed pairs of base components.

31. A method according to any one of the preceding claims,

wherein said base wafer comprises piezoelectric material.

32. A method according to Claim 31, wherein the step of
proceséing the base wafer comprises providing electrodes for
applicatidn of fields to walls defined between adjacent groove
formations.

33. A method according to Claim 32, wherein said electrodes are
provided in a deposition process.

. 34. A method according to Claim 32 or Claim 33, wherein

said walls are movable in shear mode.

35. A method according to any one of Claims 32 to 34, wherein the
step of processing the base wafer comprises the application of a
passivation coating to said electrodes.

36. A method according to any one of the ;Sreceding claims,
wherein the step of processing the base wafer comprises planarising

by lapping. -

BT



whi ch t he waf er

met hod according to afly onerRpfLLhEm s |
novabl e i n shear node: ' Frod gr30|i ngjte® any one of Jajns 32 to

35, wherein 25

application of @masshviéthed £&edkding tb Tlamh 6ShasdrbpltR-sur
met hod according to any one of the preceding ¢ aims, wherein
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| RERLACTENT, SHEET

is to eeti-oned-ar e ppsked
ds of{the 20 chapn
r nhep G AUG 4935 vl

the step of processing the base Wwarerconpri

b (O, -

roughness of the planarised base wafer is less than 2um.

- 38. A method according to any one of the preceding claims,

10

15

20

wherein the cover is adhesively bonded to the base wafer to form
said integral wafer assembly.

39. A method according to Claim 38, wherein adhesive is applied
to either or both oppoéing surfaces of the cover and base wafer in a

manner which varies across the wafer assembly.

40. A method according to Claim 38 or Claim 39, wherein the

depth of the applied adhesive varies across the wafer assembly.

41. A method according to Claim 38 or Claim 39, wherein the
formulation of the adhesive varies across the wafer assembly.

42. A lmethod according to any one of Claims 38 to 41, wherein
adhesive is épplied using one or a sequence of rollers.

43. A method according to any one of Claims 38 io 42, wherein a

blocking material is applied to the base wafer to limit spread of the
adhesive. '

44, A method according to any one of the preceding claims

comprising the step of bonding base and cover wafers using heat and

pressure.

45. A method according to Claim 44 utilising heated press plates to

-

e |
"

supply heat and pressure.

or ocess so

35.

A



the step of processi ng_the hase wafer_conpri sei@ﬂa{d‘ﬁ}@é\ﬂg&ﬁﬁﬁ’?appi ng.

-3F - 38.

A net hod
t he pl anari sed base

RIHEBeT 0kl B7, whejel n the—surtacel rpughness of
fer ps'lresaggt han [err] m atcprding to
E—whereth t dver ??ggﬁh@% bonded to

any one of the preceds Qé}a

the base wafer to form5 sai d |ntegra'l er 5\method
according to O ajg 39mmm&a Qc@éiig ¥eCld aJ?@'dvﬁQré. _sjatecjr_ag‘ég&ﬂaﬂ%%té}e
opposi ng surfaces of e cover and-base wa T TTerm varies

across the waf er haateehprior. to the application of | pressure.

10

15

20

47. A method accdrding to Claim 45, in which said press plates are
formed with a low thermal expansion material.

48. A method according to any one of Claims 44 to 47, wherein a
resiliently deformable press plate is used.

43. A method according to according to any one of the preceding
claims, wherein surface formations are formed in the cover prior to
assembly of the wafer assembly.” -

50. A method according to Claim 49, wherein said surface
formations are produced through laser machining.

51. A method according to Claim 49, wherein said surface
formations are produced through ultrasonic machining.

52. A method according-to any one of Claims 49 to 51, wherein
said surface formations comprise for each printhead component at

least one window serving as an ink supply manifold for the channels
of that component.

53. A method according to any one of Claims 49 to 61, wherein
said surface formations comprise undercut regions facing said base
wafer.

54. A method according to Claim 53, wherein said undercut regions
are removed after assembly of the cover with said base wafer to
provide access to the base wafer.
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41. A nmet hod accordi ng to Cl aim 39 or Claim PM&@MQT%@ dept h

of.-:thg appl i e(C:I:I adhesi ve "the waf ey Fssenbl y. 42. A net hod
according to d ai ' rein thel f uemwsf it he adhesive
varies across the A_mret hbod ac@ég?&il ng to one of
Claim 39 to 42

s appt Bad- UBI hg one-ora-sequence of
rollers. 15

t d d
wherein a bl ock?ﬁg r’rﬁ‘t%\r‘éﬁéﬂ ngéff(ég{q Bﬁgf‘to an e & Féngf%girf%iiosgrzead of

the adnhesive. Agnereify tﬂﬁt&ﬁ@r & NG thtcNé\ﬂ Wﬂﬁ tﬁé baBe wafee.edi ng cl ai ms
conprising the step of bonding base and cover wafers using heat and 20

pressure. 46. A method according to aim45 utilising heated press
plates to 56. | A method according to Claim 55, wherein the caver is formed
of piezoelectric material or low thermal expansion glass or glass-
5 ceramic.

57. A method according to Claim 55, wherein the cover is formed
from PZT, borosilicate glass, cordierite or alumina.

58. A method according to any one of tfiie preceding claims,
wherein the step of sectioning said wafer assembly along parallel first

10 section lines provides a flat plane for nozzle plate bondihg.

59. A method according to any one of the preceding claims,
wherein nozzles are formed in the nozzle plate after bonding of the

nozzle plate to the integral wafer assembly.

60. A-method according to Claim 24 and also according to Claim
15 59, wherein nozzles are formed at locations in the nozzle plate in
register with said datum formation.

61. A method'according to Claim 59 or Claim 60, wherein the

' nozzles are formed through laser ablation.

62. A method according to Claim 61, wherein the laser ablation

20 process utilises a mask substantially in contact with the nozzle plate.

63. A method according to Claim 61, wherein the laser ablation
process utilises projection mask means.
..\
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supply heat and pressure. 232 - 47, A et ldddnr {ngm_fmei:{él ai m 46,
wherein said press p ior tol the applicatio f pressure.
48. A method accor

gid enERHAS BEEN i whi chl shi dy grass Wysatles are forned
with a [ ow thernal gan3|mﬁﬁfé3r|al 5 49 (tgrretﬁ?? cording to
any one of Clains 4 ,'"ﬂ\ﬁheﬂfern"a“resia‘*ie ~e~priess plate is

used. 50. A neth or dj n cording to one of :the cedi ng .
cl ai ms, wherein @g é“?mo ﬁé’nﬂrt@_ aﬂ'&r ePﬁ*ﬂ?@?ﬁm&Fﬁr to
' wherein electrical connectlons are made with the channels of each

strip prior to sectioning of the strip into printhead components.

65. A method according to Claim 24 and also according to Claim

5 64, wherein electrical connectlons are made at locations in reglster
with said datum formation.

. 66. A method according to Claim 24, wherein each strip is
sectioned into components at locations in register with said datum
formation to provide on each component at least one external surface

10 _datum which is in precise alignment with the channels of that
component. —

67. A method according to any one of the preceding claims,
wherein each of said strips undergoes a test procedure prior to
15 sectioning of the strip into printhead components.

68. A method according to Claim 67, wherein said test procedure
includes establishing probe contact with the strip.

69. A method according to Claim 68, wherein said probe contact is
established at locations in register with said datum formation.

20 70. A method according to Claim 32 and also according to
Claim 67, wherein said test procedure comprises measuring a
resonant characteristic of the strips.

71. A method according to Claim 70, wherein said test procedure
comprises measuring a resonant frequency of flexure of walls.
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| DR ACTAIT CRET]
assenbly of the wafer assenbly. 10 51.. A r’tﬁﬁ‘hﬁ‘d’.—a cérdiag o daim
50¢ wherein said surf FEHS aref} produced f hrough |aser jmgchi ni ng.

52. A met hod accor rrglsSHEE'%lHﬁS@@ ere| n s d Q9AEE19%r nfatli ons are
produced t hr ough ul t rlasoni GaPAGRER n A hod accordi ndg tjo any one

of * Sal ns ﬁo éo 52, 1"%‘—'1:5'::"‘““"'5'56 sﬁ?rface formations conprifse for
each printhead _conpopent_ at | eas ' | I

manifold for tHe chaﬁﬁr’i%?ﬂs‘%facpﬂﬁimggﬂﬂﬁ t FEHPLREE Pgé)né to
any one of -d a'éa‘%?&%ésoco‘i% aﬁﬁlﬁﬁﬁ‘fé?eﬁﬁfé%o?ﬁnft?i‘é‘%‘gfeﬂ&@témlﬁ@@rl se

undercut regions facing said base 20 waf e A nmet hod according to
Cl ai m 54, wher eiwallai-d under cut regions

sy

73. A method according to Claim 72, wherein said test procedure
5 comprises comparing the resonant frequency of flexure of walls
between different channels. '

74. A methad according to Claim 72, wherein said test procedure
~ comprises comparing the resonant fredueﬁcy of flexure of walls at
10 . different locations along the length of the channels.
~75. A method according to eny one of Claims 22 to 74, wherein
the step of processing the base wafer further comprises the formation
of a trench extending perpendicularly of the groove formations, said
trench serving in the printhead component for the supply of ink to the
15 channels of the printhead. '

76. A method of making pulsed droplet deposition apparatus
having a predetermined number of droplet liquid channels of
predetermined spacing and length comprising:
(A) surface area processing on a wafer scale including
20 the steps of.- _ _ |
| (i) planarising the surface area of a rectangular
base wafer of piezo—electric material poled in the thickness direction;
('li). providing a rectangular m x n array of base
components separated by dimensionally determined horizontal and
25  vertical wafer dividing lines and forming each component with a
number of closely spaced parallel grooves corresponding to the
number and spacing of said channels in the surface area of said
wafef' in m locations alighed in the vertical direction in n strips
: ' separated- by said vertical dividing lines, the length of the grooves
cet Has Becn Replaced
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are renoved after assenbly of the cover with sai dﬁ:béé STRAIILE & ig':ﬂrovi de

access to the base
precedi ng cl ai m wher
57.. A nethod accordifig to (IaWWT
pi €zoel ectric materi B

ceramc.
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Sheet Has Been ‘Replaced

corresponding with the length of said channels thereby to afford walls
of said material between said channels;

(ili) applying electrodes in relation to said waﬂs by
depositing electrode metal over the surface area of said wafer and
removing mé_tal from the tops of the walls between said grooves, so
that an electric field can be applied to effect shear inode displacement
transversely of said walls adjacent selected said channels;

(iv) planarising the surface area of a rectangular
cover wafer of material thermally matched to said material and
forming a-rectangular m x n array of cover components separated by
horizontal and vertical cover dividing lines each cover bompone_nt _
havir_ig a window cut therein providing a droplet liquid supply manifold
to said channels and a corresponding location in regions of each
cover component between the window and said horizontal cover

dividing lines in n strips in alignment with m corresponding windows in

the vertical direction in the surface area of said cover wafer;

' (v) bonding the mating surface areas of said base
wafer and said cover wafer by applying adhesive and pressure to
bring the surface extremities of said respective surfaces substantially
into direct contact and holding the réspective locations in each said
wafer in alignment thereby to form a rectangular array of m x n
bonded printhead components; _

(B) sectioning the rectangular array 6f bonded
components along the said horizontal dividing lines to form a section

plane having open channel ends normal to said grooves thereby

- forming m strips each comprising a linear array of n bonded printhead
components;

(C) linear processing of one or more linear arrays of
bonded printhead components butted end to end in sequence in steps
including the steps of:-

(i) bonding a nozzle plate to seal the open ends

T \\\\\\\\\\‘\\\ll\
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59. A net hod according to any one of t he precedjIPid ("’ffg {TVEEEETIn the step

of 3ectioning said wafex Fparal l el frrst—10 Siect i on | ines
provi des a flat plan 'ansm&rre—wfﬂ B.EFQ\I i Fndl ng.{ 6 g& m acicarding to
any.one of the prece%ng cl gEmssCHMer ei fl-ngzzl es P e nozzle
pl ate after bondi ng or=the=rozzté€" & to the ssienbly. 61

A et hod accor di ofysaid gloaves,heaplateatstendingoatdh gt the Guaiber b5 chanhel§0,
wherein nozzles are forﬁngat | ocations . in the

with said datum FOTRERT 9 one pripthead camrﬁga@ Claim60 or O aim®61,
wh th I f d '
erein e nozzles are forne t(ﬂrfar,g,ﬂ\edr ﬁéﬁleé@oﬁh&%&d mhprocg%s R

according to Claim62, wherein t ation
a mask ‘substanti ﬁdrllgqundm doap efectioniata spacing zoreespoating WIth the spacing of

5 . said channels; and
. (D) sectioning each linear array of bonded components
along the said vertical dividing lines to form n separate bonded
printhead components.

77. A method according to Claim 76, wherein said step of linear

10 processing ftirther comprises the step of connecting drive means to
said channe! electrodes and a_pply'ing electricai"signals thereby to test
selected ones of said channels.

78. A method according to Claim 76 or Claim 77, further _
comprising ailigning said base wafer and said cover wafer by edge

15 . registration of said wafers, so that after bonding the dimensionally
determined horizontal and vertical wafers dividing lines coincide with
‘the horizontal and vertical cover dividing lines bringing the m locations
having a number of closely spaced parallel grooves in the wafer into
register with the m locations in the cover having cover regions

20 between the window and the said horizontal cover dividing lines.

79. A method according to Claim 78, further comprising aligning
said base wafer and said cover wafer, by locating two edges of the
rectangular base wafer relative to three locating pins for forming the
grooves therein, locating two cdrresponding edges of the rectangular
25 cover wafer relative to three iocating pins for cutting the windows and
the cover edges therein, and locating said base wafer and said cover
wafer against each said two edges in relation to three locating pins for

bonding.
| Ili!!llllllll i
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65. A net hod accordi |1—to @mrmﬁegof t he [ ngz(,9 AR 199% Bi N

: r
el egtrical connecti onstate—pe e gganngl e ww”r st++p~ pfior to
sectjoning of the strip into pr| nt head conponenpts. 66. - A nethodjaccording

to Gaim24 and 8d.so Aatethdd v nhakifg dmkjet printhe s, @aehthaving
connections are nade at |l ocations in regl ster with said-datum formation.

67. A nethod acdbiParallg! drk G‘%ﬁ“?ﬁ'?&f lepath d; teradoating in fps.,pgctwe nozzles,
comprising the steps of providing a base wafer; processing the base

64. A nmethod accordi
util'i ses projection ne

U

wafer to define n x N parallel groove formations of alength in excess
5 of m X L, where n is an integer and m is an integer greater than 1,
the section of each groove formation varying along the length théreof
with alternating mirror reversed groave segments; providing a cover
over said basé wafer in an integral wafer assembly, with the cover
serving to close portions of said grooVe formations to form channels
10 separated by channel walls; sectioning said wafer assembly along
parallel first section lines perpendicular to said groove formations to
form m strips, the first section lines alternating ‘8dd and even with said
groove segmehts; applyfng to each of the said strips, at the location-
of a first odd section line, a nozzle plate to define said nozzles; and,
15 where n is greater than 1, sectioning each strip along second section
' lines parallel to said groove formations to form n printhead
components.

81. A method according to Claim 80, wherein an end of each strip
is defined by an odd said first section line.

Zd 82. A method according to Claim 80, wherein an end of each strip
is defined by an even said first section line. .

83. A method according to Claim 80, wherein each groove
segment has adjacent the even first section lines a region of reduced
wall height. '

25 '84. A method according to Claim 83, wherein the region of reduced
wall height accommodates electrical terminations for the respective

] ﬂlll! T
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r tjum :
agh conpone ' one £y Agqu flace 10
datum which is in préci ~LPRAE m\_ht he ¢ annel’s haé ponent.
68. A et hod accor ¢ing _t0-any =6 rlei n each

of 'said strips undergoes a test procedure prior to 15 _ §ect|or|n of the
strip into prin8® eadg‘d@ gq:tgor B to Claime83o HF%@

Strip 7o ¢ a el R e R 5T SEC T B RAEutetathelt

erein sal| pr o e contact S
established at frome\alcmmmnn s“omgd:sbéinlwi th said datum formation. 20 71.
A nmet-hod according to Caim32 and al so according to C aim68, wherein said
test procedure conprises nmeasuring a

86. A method according to Claim 83, wherein the region of reduced
5 ~ wall height is formed by reducing locally the depth of the groove

formation. -

87. A method according to Claim 83, wherein the region of reduced
wall height is formed by a trench extending perpendicularly of the
groove formations. -

10 88. A method according to éiaim 87, wherein the trench has

' inclined edges.

89. A method according to any one of Claims 82 to 88, wherein the
cover in a direction parallel to the groove formations has alternating
mirror reversed cover length segments in register with said groove

15 segments.

90. A method according to Claim 89, wherein each groove

segment has adjacent the even first section lines a region of reduced

wall height and wherein each cover length segment has adjacent the

even first section lines a region which is removed after assembly of
20 . the integral wafer assembly. '

91. A method according to Claim 90, wherein each said region of
the cover is undercut to facilitate removal without damage to the base
- T
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r esonant characterlstlc of the strlps 72. A ﬁe
71,~wherein said test [f g e

flexure of walls. ST)HLS %ETA“%EEH hccor di |}1g t
test procedure conpri fles. coRBBFPREP i f f efe4l — e$0

flexure of walls. 74. —A method according to O &im73 , wherein
procedure 5

i
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;
Wherein said
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3nmpr Agvstheshacaardigat tecanygne At : re of

valls between di £ g¢ S%o&hﬂﬁ}ﬁgﬁt has adjacent the even first section lines a
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region of reduced ,yvall height and wherein each cover length segment
has adjacent ﬁhe even first section lines a projection extending into
the region of reduced wall height to close the channels.

93. - An ink jet printhead comprising a base including piezo-electric
material and having parallel grooves formed therein to define ink
channels separated by active walls; electrode means for the
épptication of electric fields fo selected ones of the activé walls; a
cover secured to the base in a manner as+o close the ink channels
over a working channel Iength a nozzle plate defi mng a nozzle for
each channel at cqrrespondlng respective ends of the channels; and
ink sUppfy means for the supply of ink to the channels; characterised
in thét a trench is formed in the base 'extending perpendicularly of and

communicating with the channels, said trench defining an ink conduit
within said ink supply means.

94, A printhead according to Claim 93, wherein said trench is
located at réspective ends of the channels remote from the nozzie
plate.

- @5, . A printhead .accordir'\g to. Claim 93 or Claim 94, wherein' a ridge
formed on the cover extends into the trench to seal with the base and
to bound said ink conduit.

86. A printhead according to Claim 95, wherein a region of the
trench dispbsed at the opposite side of said cover ridge from the

working Iength of each channel serves for electrical connection with

said electrode means. |,
I L mﬂ nm
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75. A nethod according to Claim73, wherein sai
compari ng the resonant frequency of flexure of

| ocations along the length of the channels. 76. “A-gs are] GEBor di to any

one of Clains 22 to 75, wherein the step of processi
further conprises the formation of a trddch extendir

the groove formations, said trench serving in the prfi

the supply of inMANUBAGTURE OF INK,JEY] PRENTHEADSG |
of maki ng pul sed dropl et deposition apparatus having
of- droplet liquid channels of predeterm ned spacing

(A) surface ar edABSIBAGTNg on a wafer scal e incl udi

tHead.9 AlG 1594
d predeterm ne

armg—temgth-conpr i
ng 20 t he steps

of : -

Ink jet printhead components are formed initiall_y'by bonding -

together a grooved base wafer and a suitable cover wafer, the area of

the bonding wafer assembly being sufficient to provide a 14 x 14

5 array of components. Using a datum formation, the wafer assembly

is divided into strips and linear processing steps are conducted, such

as applying nozzle plates and laser ablating nozzles. Each strip can

then be divided to form separate printhead components.

FIGURE 1



(i) planarising the surface area of a rectangul ar_base wafer of

Eal

pi ezo-el ectric material poled in-the thickness di ﬂAﬁEW%%H¥§'

rectangular mx n array of base conponents separ

L

determ ned hori zontal and 25 vertical wafer d

viding |ines an
eaeh conmponent with a nunber of closely spaced pafral | @ 9HUIBDD
correspondi ng to the nunber and spaci f said channels in the s
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area of said wafer.in mlocations aligned in the jvertical diTectTon
the length of theg

strips separated by said vertical dividing |lines,
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fromsaid horizontal dividing lines in the |ocations in each strip
corsesponding with the length of said channels thereby to afford walls of
said material between said channels; (iii) applying electrodes in relation

to said walls by 5 deposi ting el ectrode met Bl QVERTREmow: area of
sai'd wafer and renoving netal fromthe tops of tigﬁ@dﬁﬁﬁﬂsﬁIdggﬁﬁﬁ I d
grooves, so that an electric field can2h8 appliefl o effect shear pode

di spl acement transversely of said walls adjacent]sgl egbesly§aogy channel s;
(iv) ,planarising the surface area of a rectangul ar} 10 cover fer of

material thernmally matched to said material and jormmg—a Tectangul ar m x n
array of cover conponents separated by horizontal and verti cal covbr

di viding lines each cover conponent having_a_w ndow cut therein providing a
droplet liquid supply manifold / '




to said channels and a corresponding |location in regions of each 15

cower conponent between the w ndow and said horizontal cover dividing |ines
in n strips in alignnment with m correspondi ng wi ndomws—.n_the yerti cal
direction in the surface area of said cover wafer; (RBP]ASHVIRGT! ting
surface areas of said base wafer and égkg cover waffe “by~aﬁgﬁgr tihesi ve
and pressure to 20 bring the sur extrenitileg of said respgctfive
surfaces substantially into direct contact and hol di ng 2rRA HE§H96t|vv
| ocations in each said wafer in alignnent thereby to Lm.g rectangular
array of mx n bonded printhead conponents; (B) se tlonlng t he rectapgul ar
array of bonded 25 conponents al ong the said hort+zental—dividing |ines
to forma section plane havi ng open channel ends nornal to sai d grooves

t her eby
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formng mstrips each conprising a linear array of n bonded printhead
more |inear arrays of 30
bonded printhead conponents butted end to end in sequence in steps

cqnponent s;

(O

i ncl udi ng the steps of:-

| i near processing of one or

(i) bonding a nozzle plat

ta.seal

the open ends.

-37- of said grooves, the plate extending at |eastggmgpqgm§§¢r 'Eﬂ nnel s
correspondi ng to one printhead conponent; and (ii)} for-mag nczf et
connected with said grooves
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/ .
for
sai=d channel s;
along the said verti cal
corfponents. 78. A nethod according to Caim77, whet
10 *© processing further conprises the step of corn

sai d channel el ectrodes and appl ying q%egtrlcal S|cncls i
sel ected ones of said channels. 79. met hod accch|n

Claim 78 further conprising aligning said base waf gr
by edge 15 regi stration of said wafers, so that

hereDy TO

LAV B8

" [-\nnrll nﬂ

ILCI

di nensi onal ly determ ned horizontal and verti cal

MUT

f ers d|V|d|ng i ngs

liquid drop ejection at a spacing corresponding with the spacing of 5
and (D) sectioning each linear array of bonded conponents
dividing lines to formn separate bonded pri nt head

i near

coincide with
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the horizontal and vertical cover dividing Iines bringing the mlocations
‘having a nunber of closely spaced parallel grooves in the mafer |nto
register with the mlocations in the cover having ¢ Y, ons

between the w ndow and the said horizontal cover dl;uﬂ‘ hLﬂ@$ q EET A

method according to Gaim79, further conprising alfighing sard oa fer
and sai d cover wafer, by locating t wog es of the jregct sd vafer
relative:to three Iocatlng pi.ns for fo?ﬁ?ng the gr o esQn%e}E%EE% jcdti ng

two correspondi ng edges of the rectangul ar 25 tijve to
three locating pins for cutting the window and th cover edges ther¢in,
and | ocating said base wafer and said cover wafer agal nst each sard—two
edges in relation to three | ocating pins for bonding.

Fig.7.
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- 38 - 81. ‘A nethod of making ink jet printhead conponents,
‘patal l el ink channels of length L terminating in respecti ve nozzl es,
comprising the steps of providing a base wafer; proc
to*define n x N parallel groove formations of a |eng
mXx L, where n is an integer and mis an integer greater than T;

£t ?“@Hﬁ o' |

eF .n“ tn

separ at ed q

'sectlon of each groove formation vary|7nﬂ al ong the |
alternating mrror reversed groove seg % provi di

base wafer in an integral waf er asserrbly, W|th t he cpv

portions of said groove formations to form channel s
channel walls; sectioning said waf er[__zaisgergll y al ong

re--pase. A

each having N

BN SHEET

U

er
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d
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Fig.12.
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.p raIIeI‘?’A-St‘ section |lines perpendicul ar tq 3R
ocemmstrips, the first section lines alternd

/'groove segnents; applying to each of the-said|s}rips, ocation of a
fitst odd section line, a nozzle plate to defkng saPdN U@
where n is greater than 1, sectioning each stii ,
parallel to said groove formatlons to8/& mn fri ead'corrponen s. 82. A
met hod according to-d ai m 81, vvherel n the base 3
pi ezoel ectric material. pd accordi ng to Cl aim 82,
wherein the step of proce55| ng the Eel r conprises providing
el ectrodes for application of fields to wal | s defined between adj acent

groove formation. _ 146 212 : ‘ 146
| N N R a
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84. A nmethod ac to Clalm% wherein s

I n a Yepositi onJMH r’!ﬁgﬂ ﬂ’" A nmet hod accordipg
the wafer is ma rst section lihpe
process so that" -38A— el ectrodes termnate shoft of the Pnd of -

channel s.

said walls are movable in shear node. 87. A nmethod-accoere PPN S g
wherein an end®f eRhethbtidtcordiflgltd 2@8 one of the preceding claims,

10

15

- 20

25

‘length.

to Clal
i h9 DEG 20800k |t i
f

A met hod according to anygne of {Clainms 83 to 85,

g LV

wherein each grodve formation varies periodically in depth along its

29. A method according to Claim 28, wherein the period of said
depth variation is 2/m.

30. A method according to Claim 22, wherein the step of
processing the base wafer to define groove formations comprises
forming grooves in the wafer symmetrically on either side of horizontal
dividing lines to form 6pposed pairs of base componehts.

31. A method according to any one of the preceding claims,

wherein said base wafer comprises piezoelectric material.

32. A method according to Claim 31, wherein the step of
processing the base wafer comprises providing electrodes for

application of fields to walls defined between adjacent groove
formations.

33. A method according to Claim 32, wherein said electrodes are
provided in a deposition process.

34. A method according to Claim 33, wherein regions along
which the wafer is to be sectioned are masked in the deposition

process so that electrodes terminate short of the ‘ends of the
channels. '

35. A method according to any one of Claims 32 to 34, wherein
said walls are movable in shear mode.

36. A method according to any one of Claims 32 to 35, wherein
the step of processing the base wafer comprises the application of a

passivation coating to said electrodes.



by an odd said first section line. 88. A nethod sREPFACRMENG $iibh 81,
wherein an end of each strip is defined by an eve et SeCI n line.
89.. A method according to Caim81l, wherein eachlg ooig ﬁggr@@%]

adj acent the even first section I|ne§o% regi on of |réducde&d etght. 90.
A nmet hod according to Caim89, wher the regio - ei ght
accommpdat es el ectrical termnations for the respgctive channel S. -39 -
91. A nethod according to Claim89, wherein the r al |

hei ght ser¥&s f vy mathod @epoiding to @inyt one iof the fseceding Claimsicwvberein

the step of processing the base wafer compr:lses planarising by lapping.




froma common som met hod according to d ai m89 V\,herel n

t he regi on of
depth of the
t he regi on of

redacetl wal 1" hei ght

hei ght

T

per pendi cul arly of the groove formati©

Claim 93, wherein nch negl i.ned ed
to any one of8-c af\rﬂ? 3‘3%04' '%@r §l§]n} Aé X”g\?é?m
the groove f@@hb@%fhﬁé paiisert bage WArEPIs [R¥hapdfaY el

in register with said groove 1 5

39.

segment s.

I's forned by redum
A net hod according to
S fﬁrrred by a trenc

Pt

h eX|e alng
A netih d

| engt h segnents

A method according to any one of the preceding claims,

wherein the cover is adhesively bonded to the base wafer to form

5 said integral wafer assembly.

40.

A method according to Claim -39, wherein adhesive is applied

to either or both opposing surfaces of the cover and base wafer in a

manner which varies across the wafer assembly.

41. A method according to Claim 39 or Claim 40,wherein the
10 depth of the applied adhesive varies across the wafer assembly.
42, A method according to Claim 39 or Claim 46, wherein the

formulation of the adhesive varies across the wafer assembly.

43

adhesive is applied using one or a sequence of rollers.

15 44,

A method according to any one of Claims 39 to 42, wherein

A-method according to any one of Claims 39 to 42 wherein a

blocking material is applied to the base wafer to limit spread of the

adhesive.

45.

20

46.

A method according to any one of the preceding claims

comprising the step of bonding base and cover wafers using heat and

pressure.

supply heat and pressure.

A method according to Claim 45 utilising heated press plates to




96.

adj acent the ev'!“llMNL
wher ei n each col/

a region which- |s reane
assenbly. 97. A met hod according to~ Tm:96 whefe

A net hod accordi n@to Cl ai m 95, wherein each

t he cover
waf er .
wher ei n
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20

He HI'II ines a region of r
t has adjacent the
after assenbly of 20

first .setl
ih?é)ﬁ&ﬁ&&@af

n_each said.r
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heated prior to the application of pressure.

48. A method according to Claim :46, in which said ":"press plates are

formed with a low thermal expansion material.

49.. A method according to any one of Claims 45 to 48, wherein a

resiliently deformable press plate is used.

50. A method according to according to any one of the preceding
claims, wherein surface fermations are foffned in the cover prior to

assembly of the wafer assembly.’

51. A method according to Claim 50, wherein said surface
formations are produced through laser machiring.

52. A method according to Claim 50, wherein said surface

formations are produced through ultrasonic machining.

53, A method according to any one of Claims 50 to 52, wherein
said surface formations comprise for each printhead component at
least one window serving as an ink supply manifold for the channels

of that component.

54, A method according to any one of Claims 50 to.'52, wherein
said surface formations comprise undercut regions facing said base

-wafer.

55. A method according to Claim 54,wherein said undercut regions

are removed after assembly of the cover with said base wafer to

provide access to the base wafer.



each groove segnent has adjacent the even first section lines a region of

reduced wal | he“!lll Imn | U!Ueach cover |ength segnment has adjacent the
even first sectl ction extending into 5 t '
reduced wal | hei ght to cl'ose the channels. 99. An ink jet p MENT SHEET

conpri sing a base including piezo-el ecBPit material and haviln pgr al | el
grooves fornmed thereip tp define jnk channe]s separated by acti vé QMDECL00]
el ectrode neatfs f’grmﬁﬁé’%ﬁqfém %’naBY Oé‘leeﬁ{ ﬁ']ecp ch%&y 9'3}/@ 1 ¢cted ones of
the active VW!’\ér%in@h%Q:over iscgﬂé\ﬁ@r ?Q'Héﬁ‘ﬂ\ehowftﬁ%g%?a%e' Wafermgnner as to

cl ose the ink channels over rking channel length; a nozzle.plate
defining a nozzle for each channel at correspondi ng respective ends of the

channel s; and_ji nk supply, neans:for the supply of ink to the_channels;
charact eri sec®%n A@?ﬁﬁq AesRIdingtq %EUSEn“ﬁT%e!@a@@ coMes g fergned

per pendi cul a5d o905 eRRtHc material or low thermal expansion glass or glass-—

5 ceramic.

58. A method according to Claim 56 , wherein the cover is formed
from PZT, borosilicate glass, cordierite or alumina.

59. A methad according to any one of tfie preceding claims,
wherein the step of sectioning said wafer assembly along parallel first

10 section lines provides a flat plane for nozzle'plate bonding.

60. A method according to any one .of the preceding claims,
wherein nozzles are formed in the nozzle plate after bonding of the

nozzle plate to the integral wafer assembly.

61. A method according to Claim 24 and also according to Claim
15 60, wherein nozzles are formed at locations in the nozzle plate in
register with said datum formation.

62, A method according to Claim 60 or Claim 61, wherein the

nozzles are formed through laser éblation.

63. A method according to Claim 62, wherein the laser ablation
20 process utilises a mask substantially in contact with the nozzle plate.

64, A method according to Claim 62, wherein the laser ablation

process utilises projection mask means.




wherein said trenc C respective ends of the chapngts—Temnote
fromthe nozzle plate. 7101. A printhead according to [

Clai m 100, wherein a ridge forned on thé4over extends into th Héﬁlﬁ%tzgm
seal wth the base and to bound said ink conduit.. 102, A n d
accor di ng tg @sai mAL oethed @ecarding dgiasly ene PE § Pé‘i"ﬁfﬁilﬂgscb% at the
opposi te- si de of i v | fro : ' throf—each
channel ser ve?ﬂ%?%egggﬁc% gﬁhﬂgﬁ}é{cst ?Pc?tnn-\%dt%hswg gitg&gﬂgcn?‘% é)gd Qﬂﬁé‘gﬂs :

strip prior to sectioning of the strip into printhead components.

15 commni cat 1 \ 5 nel s, said trench defining i i
wi thih said ink s“!lm" mit Bi A printhead according to TACEMENT SHEET
6 [0Cat e ab
20

r

P
.-

66. . A method according to Claim 24 and also according to Claim
5 65, wherein electrical connections are made at locations in register

with said datum formation.

67. A method according to Claim 24, wherein each strip is

sectioned into components at locations in reg'ister'with -said datum _

formation to provide on each component at least one external surface
10 datum which is in precise aligpme'nt with the channels of that

component.

68. A method according to any one of the preceding claims,
wherein each of said strips undergoes a test procedure prior to
15 sectioning of the strip into printhead components.

69. A methad according to Claim, 68, wherein said test procedure

includes establishing probe contact with the strip.

70. A method according to Claim 69, wherein said probe contact is

established at locations in register with said datum formation.

20 71. A methaod according to Claim 32 and also according to
Claim 68, wherein said test procedure comprises measuring a

resonant characteristic of the strips.

72. A method according to Claim "71, wherein said test procedure

comprises measuring a resonant frequency of flexure of walls.
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73. A method according to Claim 71, wherein &aid test procedure

comprises comparing different resonant frequencies of flexure of
walls. -

74. A method according to Claim73 , wherein said test procedure

comprises comparing the resonant frequency of flexure of walls
between different channels.

75. A method according to Clairh 73, wherein said test procedure

- comprises comparing the resonant frequency of flexure of walls at

different locations along the length of the channels.

76. A method according to any one of Claims 22 to 75, wherein
the step of processing the base wafer further comprises the formation
of a trench extending perpendicularly of the groove formations, said

trench serving in the printhead component for the supply of ink to the
channels of the printhead.

77. A method of making pulsed droplet deposition apparatus
having a predetermined number of droplet liquid channels of
predetermined spacing and length comprising:’
(A) surface area processing on a wafer scale including

the steps of:— .

(i) planarising the surface area of a rectangular
base wafer of piezo—-electric material poled in the thickness direction;

(i) providing a rectangular m x n array of base
components separated by dimensionally determined horizontal and
vertical wafer dividing lines and forming each component with a
number of closely spaced parallel grooves corresponding to the
number and spacing of said channels in the surface area of said
wafer in m locations aligned in the vertical direction in n strips

separated by said vertical dividing lines, the length of the grooves
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from said horizontal diViding lines in the locations iri each strip
corresponding with the length of said channels thereby to afford walls
of said material between said channels;

(iif) applying electrodes in relatign to said walls by
depositing electrode metal ovér the surface area of said wafer and
removing metal from the tops of the walls between said grooves, so
that an electric field can be applied to effect shear mode displacement
transversely of said walls adjacent selected said channels;

(iv) planarising the surface area of a rectangular
cover wafer of material thermally matched to said material and
forming a rectangular m x n array of cover components separated by
horizontal and vertical cover di\_/idin'g lines each cover component
having a window cut therein providing a droplet liquid supply manifold
to said channels and a corresponding location in regions of each

cover component between the window and said horizontal cover

dividing lines in n strips in alignment with m corresponding windows in

the vertical direction in the surface area of said cover wafer;

(v) bonding the mating surface areas of said base

wafer and said cover wafer by applying adhesive and pressure to -

- bring the surface extremities of said respeétive surfaces substantially

into direct contact and holding the respective locations in each said
wafer in alignment thereby to form a rectangular array of m x n
bonded printhead components; |

(B) sectioning the rectangular array of bonded
components along the said horizontal dividing lines to form a section
plane having open channel ends normal to said grooves thereby
forming m strips each comprising a linear array of n bonded printhead

components;

(C) linear processing of one or more linear arrays of

- bonded printhead components butted end to end in sequence'in steps

including the steps of:—

(i) bonding a nozzle plate to seal the open ends
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of said grooves, the plate extending at least the riumber of channels
carresponding to one printhead component; and
. (i) forming nozzles conneéted with said grooves

for liquid drop ejegiion at a spacing corresponding with the spacing of
said channels; and |

(D) sectioning each linear array of bonded components
along the said vertical dividing lines to form n separate bonded
printhead components.

78. A method according to Claim 77, wherein said step of linear
processing further comprises the step of connecting drive means to

said channel electrodes and apply”l'ng electricaisignals thereby to test
‘selected ones of said channels.

79. A method according to Claim 77 or Claim 78 further
comprising aligring said base wafer and said cover wafer by edge
registration of said wafers, so that after bonding the dimensionally
determined horizontal land vertical wafers dividing lines coincide with
-the horizontal and vertical cover dividing lines bringing the m locations
having a number of closely spaced paraliel grooves in the wafer into
register with the m locations in the cover having cover regions

between th‘e window and the said horizontal cover dividing lines.

80. A method according to Clai.m -9, further comprising aligning
said base wafer and said cover wafer, by locating two edges of the
rectangular base wafer relative to three locating pins for forming the
grooves therein, locating two corrésponding edges of the rectangﬁlar
cover wafer relative to three locating pins for cutting the windows and
the cover edges therein, and locating said base wafer and said cover

wafer against each said two edges in relation to three locating pins for

bonding.
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81. A method of making ink jet printhead compenents, each having
N parallel ink channels of length L terminating in respective nozzles,
comprising the steps of providing a base wafer; processing the base
wafer to define n x N parallel groove formations of a length in excess
of m x L, where n is an integer and m is an integer greater than 1,
the section of each groove formation varying along the length thereof
with alternating mirror reversed groove segments; providing a cover
over said base wafer in an integral wafer assembly, with the cover
serving to close porfions of said groove formations to form channels
separated by channel walls; sectioning said wafer assembly along
parallel first section lines perpendicular to said groove formations to
form m strips, the first section lines alternating ‘odd and even with said
groove segments; applying to each of the said strips, at the location
of a first odd section line, .a nozzle plate to define said nozzles; and,
where n is greater than 1, sectioning each strip along second section
lines parallel to said groove formations to form n printhead
components.

82. A method according to Claim 81, wherein the base wafer
comprises piezoelectric material.

83. | A method according to Claim 82, wherein the step of
processing the base wafer comprises providing electrodes for
application of fields to walls defined between adjacent groove
formation.

84. A method according to Claim 83, wherein said electrodes are
provided in a deposition process. '

85. A method according to Claim 84, wherein the wafer is masked

along said first section lines in said deposition process so that
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electrodes terminate short of the ends of channels.

86. “ A method according to any one of Claims 83 to 85, wherein said walls are
movable in shear mode.

87. A method according to Claim 81, wherein an end of each strip is defined
by an odd said first section line.

88. A method according to Claim 81, wherein an end of each strip is defined
by an even said first section line.

89. A method according to Claim 81, wherein each groove segment has
adjacent the even first section lines a region of reduced wall height.

90. A method according to Claim 89, wherein the region of reduced wall
height accommodates electrical terminations for the respective channels.
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91. A method according to Claim 89, wherein the region of requced™"
wall height serves for the supply of ink to the respective channels
from a common source of ink. -

2. A method according to Claim 89, wherein the region of reduced

5 wall height is formed by reducing locally the depth of the groove
formation. -

93. A method according to Claim 89, wherein the region of reduced
wall height is formed by a trench extending perpendicularly of the
groove formations. - —

10 94. A method according to élaim 93 wherein the trench has
inclined edges.

95. A method according to any one of Claims 88 to 94, wherein the
cover in-a direction parallel to the groove formations has alternating
mirror reversed cover length segments in register with said groove

15 - segments.

9%. A method according to Claim 95, wherein each groove
segment has adjacent the even first section lines a region of reduced
wall height and wherein each cover length segment has adjacent the
even first section lines a region which is removed after assembly of

20 the integral wafer assembily.

97. A method according to Claim .96 wherein each said region of
the cover is undercut to facilitate removal without damagé to the base

wafer.
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98. A method according to any one of Claims 95 to 97, wherein |
each groove segmeﬁt has adjacent the even first section lines a
region of reduced wall height and wherein each cover length segment
has adjacgnt the even first section lines a projection extending into |
the region of reduced wall height to close the channels.

99- . An ink jet printhead comprising a base including piezo-electric
material and having parallel grooves formed therein to define ink -
channels separated by active walls; electrode means for the
application of electric fields to selected ones of the active walls; a
cover secured to the base in a manner asto close the ink channels
over a working channel length; a r;qzzle plate defining a nozzle for
each channel at correspdndiné respective ends of the channels; and
ink supply means for the supply of ink to the channels; characterised
in that a trench is formed in the base extending perpendicularly of and

communicating with the channels, said trench defining an ink conduit
within said ink supply means.

100. A printhead according to Claim 99, wherein said trench is

located at respective ends of the channels remote from the nozzle
plate.

101. A printhead according to Claim 99 or Claim 108, wheréin a ridge
formed on the cover extends into the trench to seal with the base and

to bound said ink conduit.

102. A printhead acco.rding to Claim 103 wherein a region of the
trench disposed at the opposite side of said cover ridge from the

working length of each channel serves for electrical connection with

said electrode means.



