WO 01/ 42028 PCT/ AUOQ 01517 -1 PONER SUPPLY FOR A FOUR COLOR MODULAR
PRINTHEAD Field of the Invention. This invention relates to a printhead
assenbl YOO MM B8 particularly, the invention relates to FOHGENYUSH i nkj et
printhead assenbly. Summary of the Invention 5 According to the invention,
there is provided a power supply for a printhead assenbly, the power
supply including a first strip of an electrically conductive material, the
first strip having a pair of spaced termnals projecting froma side edge

thereof; POWER SUPPLYFOR A RKOURTCOLORMMODULAR PRINTHRAD econd
strip having a 10 single termnal projecting froma correspondi ng side

edge thefre , o Lhe arrangenent being such that, when the two strips are
arranged—!ﬁ&%@—éﬁ%—&ugf FEBIO:he single terminal of the second strip is arranged
bet ween, and equidistantly from the two termnals of the first strip; and
a strip of i nEup#rveadomealates @l a pthesgagsasehladare pastiquiaslys thei ipsentipe fir st
Strip maeifes @ ARskividE iMGNSrinfithl agfhblyle second strip is a negative power
15 or earth rail. "Power supply contacts ‘'may be arranged al ong those side
edges of the strips having the termnals. The contacts nay be in the form

of resil Sgpimharyidfeké PAwentionoers. Brief Description of the Drawi ngs The
inventi on 1S nOw descri bed by way of exanple with reference to the 20

accaqnpanyi ng i B owhich: Fi . i i onal vi ew,
Fr o above. oheatiERe s ifidn, EEAMS probiadionr sl RN, o
Fi gure 2asspiaply, thetpowes seppleinsiusiizg  vi ew, from bel ow, of the assenbly;
Figure 3 shows a three dinensional, exploded view of the assenbly; 25

Figure 4 shows a dfitst sumpwifewetdctridally asisdietivy matdfal) HeA2028r POEViAY@PaR 105 17

'.2 Fi gur ?%a%e(:f pe nags_ 6rgjre%§ng%r%nasiigggégevthgr\gof;f rom bel ow, of the assenbly
W th par omitred,

a second strip of an electrically conductive material, the second strip having a
10 single terminal projecting from a corresponding side edge thereof, the arrangement being
such that, when the two strips are arranged side by side, the single terminal of the second

strip is arranged between, and equidistantly from, the two terminals of the first strip; and
a strip of insulating material arranged between the two strips.

The first strip may be a positive power rail and the second strip is a negative power
15 or earth rail.

Power supply contacts may be arranged along those side edges of the strips having

the terminals. The contacts may be in the form of resiliently flexible fingers.

Brief Description of the Drawings

The invention is now described by way of example with reference to the
20 accompanying drawings in which:

Figure 1 shows a three dimensional view, from above, of a printhead assembly, in
accordance with the invention;

Figure 2 shows a three dimensional view, from below, of the assembly;
Figure 3 shows a three dimensional, exploded view of the assembly;

25 Figure 4 shows a bottom view of the assembly;



Figure 6 shows, on an enlarged scale, an end view of the assenbly; Figure 7
shows, qon_the enlarged scale, a sectional end view of the ass ly, 5

Fi gure YeAEW*4 three di mensional , expl oded vi ew of a prl)lqﬁﬂgogglﬁgdul e of
the assenbly; Figure 9 shows a bottomview of the nodule; Figure 10 shows
a plan view of the nodule; Figure 11 sheows a sectional end view of the
nodul e taken along line XI-XI in 10 Figure 10; Figure 12 shows a three

di mensi onal , expl oded view of an ink reservoir of the assenbly; Figure 13
shows a t hr ee Hguredshewan thiee dirgnsiong] wgwhiremphelow eof thé asseinblybwislr parts t he
assenbl y; onkiptelri gure 14 shows a three di mensional, exploded view of a busbar
arrangenent of the assenbly; Figure 15 shows a three dinensional view of a
mul tiple printd age] configuration; and FEigure 16 shows, on an

enl arged scal eﬂ? E‘%ggg’g?l&%’noa ans?ngaég?/(?sec\is\l/eo?n Fﬁ%wﬁgﬂ%ﬁtﬁ%as&?’ng% 20 print head
chip to the TAB film Detailed Description of the Draw ngs A printhead
assenbly, in 3CBHFJSAEWSAT e ERlaTger $ealeq dossctianal gnd yiew dfdhgassemblyf y by the
ref erence nuneral 10. The assenbly 10 uses a plurality of replaceable
prinshead nodigws 8showThehrael dominaippab xplhisl dewarfgematicad snddote efthe ity to
easily rez[ggé{ﬁblgpd replace 25 any defective nodules 12 in the assenbly 10.
This elimnates having to scrap an entire printhead assenbly 10 if only
one nodule 12 4d.s d fﬁctiv? tThe.assF lrri{ Cf'“g conprises a chassis 14 on which
an ink reserv i‘$urigs VR BLaHER VIgThe MtHead nodules 12 are, in turn,
attached to the reservoir 16. WO 01/42028 PCT/ AUCO 01517 -3 Each print head
nodul e 12 is co#Peil8sboys a plagiviswef bemedd&nani cal (Menjet) chip 18 (shown
nost clearly in Figure 8 of the draw ngs) bonded by adhesive 20 to a Tape
Aut omat ed BondiiguraB) showsma g tiondlend AW df e 280odods taferedlong rline XY imonnect ed
to tlﬁe ChEiBurey®. The chip 18 and the TAB film 22 forma sub-assenbly 24
which is aftached to a

Figure 12 shows a three dimensional, exploded view of an ink reservoir of the
assembly;

Figure 13 shows a three dimensional view of a flexible printed circuit board of the
assembly;

15 Figure 14 shows a three dimensional, exploded view of a busbar arrangement of the
assembly;

Figure 15 shows a three dimensional view of a multiple printhead assembly
configuration; and

Figure 16 shows, on an enlarged scale, a sectional side view of the bonding of the
20 printhead chip to the TAB film.

Detailed Description of the Drawings

A printhead assembly, in accordance with the invention is designated generally by
the reference numeral 10. The assembly 10 uses a plurality of replaceable printhead
modules 12. The advantage of this arrangement is the ability to easily remove and replace

25 any defective modules 12 in the assembly 10. This eliminates having to scrap an entire
printhead assembly 10 if only one module 12 is defective.

The assembly 10 comprises a chassis 14 on which an ink reservoir 16 is secured. The

printhead modules 12 are, in turn, attached to the reservoir 16.



5 mcronmolding 26. The micronolding 26 is, in turn, supported on a cover
nol ding _28. Each nodule 12 forns a sealed unit with fougﬁ@nﬂg& nt ink
chanber ¥OW/44%Bi ned in the cover nol di ng 28, the ink ch 8 suppl yi ng
ink to the chip 18. Each printhead nodule 12 is plugged into a reservoir
mol ding 32 (shown nost clearly in Figures. 3 and 7 of the draw ngs) of the
I nk reservoir 16 that supplies the ink. Ten nodules 12 butt together 10
into the reservoir 16 to forma conplete 8 inch printhead assenbly 10. The
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printing. As described above and as illustrated nost clearly in F|tgure 8

of the draw nd&achapodule12 fosms sealed pait prithfonpindepeadentink chambess 30,defined; et
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t he "Cover
of the cothemselzes are Ineiduipr 2@ compdise Biech mmhml graapimednsbed®nfiguredfie form a

el astoner%ﬁmhgb)adgsg)&}mpllg BaldedredARigis arranged above each funnel 38. The
collars 40 sealingly éngage with conpl errentary filling formations or

nozzl es 42 (Figur L Kk _r.eser.voi.r

to duct ink t%%t mC?l n?odug_ag g&%% %S%F {ns) %’%Bg?ﬁﬁleb’?vem&??’ ' ?8%&%'{% top
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t he ,i-nk r@@g; cﬁ@ﬂﬁ wal | 46 of
t he (ll‘;over Ih r%liapm: gfye-&l%tﬁlt dlnlgﬁ} %gsggﬁ{ h ace he s e wall 46 of
t he coverCQ?é?rH‘FtFRj‘ o ?fr@waé% in RrintaRoR memppegt‘w qqfoad@the sidedhigh speady

surface f ta and power contact pads 48 (Figure 8). WD 01/42028
PCT/ AUCO 151 -4 The sub-assenbly 24, the m cronolding 26 and the cover

mol ding 28 toggl B&rh& dBove, and as illustrated most clearly in Figure 8 of the drawings, at the

heart of the printhead assembly 10 is the Memjet chip 18. The TAB film 22 is bonded on to

20 the chip 18 and is sealed with the adhesive 20 around all edges of the chip 18 on both sides.
This forms the core Memjet printhead chip sub-assembly 24.

The sub-assembly 24 is bonded on to the micromolding 26. This molding 26 mates
with the TAB film 22 which, together, form a floor 34 (Figure 11) of the ink chambers 30
of the cover molding 28. The chambers 30 open in a flared manner in a top 36 of the cover
25 molding 28 to define filling funnels 38. A soft elastomeric, hydrophobic collar 40 is
arranged above each funnel 38. The collars 40 sealingly engage with complementary filling
formations or nozzles 42 (Figure 7) of the reservoir molding 32 of the ink reservoir 16 to
duct ink to the chip 18.

Snap details or clips 44 project from the top 36 of the cover molding 28 to clip the
30 cover molding 28 releasably to the ink reservoir 16.

The TAB film 22 extends up an angled side wall 46 of the cover molding 28 where it
is also bonded in place. The side wall 46 of the cover molding 28 provides the TAB film
22 with a suitable bearing surface for data and power contact pads 48 (Figure 8).



the Menjet printhead nodule 12. A plurality of these printhead nodul es 12
snap fit in angled, end-to-end relationship on to the ink reservoir 16.
The reswO@ii420286 acts as a carrier for the nodul es 12 aR@THUHIOEE | nk
ducts 52 (Figure 7) for four ink colors, Cyan, Magenta, 5 Yellow and bl acK
(CMYK). The four ink colors are channelled through the individual funnels
38 of the cover nolding 28 into each pri'nt head nodul e 12. The print head
nodul es 12 butt up to one another in an overl apping, angled fashion as
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to &8 € cthanne? is fluidically sealed around the substrate holes periphery by a TiN sealing rim. Ink
ejection is prevented between the TiN rim and the nitride nozzle assembly by the action of
surface tension over a 1 micron gap.

A 1 microsecond 3V, 27 mA pulse (85 nanoJoules) is applied to the terminals of the
heater layer, increasing the heater temperature by Joule heating. The transient thermal field
25 causes an expansion of the heater layer that is structurally relieved by an "out of plane"
deflection caused by the presence of the other TiN layer.

Deflection at the actuator tip is amplified by the lever arm and forces the nozzle
assembly towards the silicon ink supply channel. The nozzle assembly's movement
combines with the inertia and viscous drag of the ink in the supply channel to generate a

30 positive pressure field that causes the ejection of a droplet.

Memjet actuation is caused by a transient thermal field. The passive TiN layer only
heats up by thermal conduction after droplet ejection. Thermal energy dissipates by thermal
conduction into the substrate and the ink, causing the actuator to return to the 'at rest’

position. Thermal energy is dissipated away from the printhead chip by ejected droplets.



position. Thermal energy is dissipated away fromthe printhead chip by

ej ected droplets. WO 01/42028 PCT/ AUCO 01517 -5 The drop ejection process
t akes aMSuMd2828yi croseconds. The nozzle refills and wast ECRAAI00/OLIT f uses
Wi thin 20 mcrosecond:,, allowing a 50 KHz drop ejection rate. The Menj et
chip 18 has 1600 nozzles per inch for ch color. This allows true 1600
dpi color printing, resulting in full '%’ot ographic image quality. A 21 nm
CMYK chip 18 5 has 5280 nozzl es. Each nozzle has a shift register, a
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(PCB) 54 (Figure 13) of the assenbly 10 and busbar contacts 56 (Figure 14)
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PCB 54 tal n trica each
print heiax‘:’tsfi’ ‘{THI 4 hep bgpdeatahond pads ?frtbgMﬂf@efrfd'dp 68 (Figure 7). The PCB 54

wr aps underneath and al ong a correspondingly angled sidewall 64 of the ink
reservoi r nollde punclign bétwebe therlRAB fdmedandralllthe cﬂibexd&&ralls s deBRnPipplied

agai nst f b SoAENR!ih vl SBRELES:. FTnltull 5&6&8%40 s YenBimed over and sealant is
applied to the rear junction. This is done to completely seal the chip 18 and the TAB film
20 22 together to protect electrical contact because the TAB film 22 forms the floor 34 of the
ink chambers 30 in the printhead module 12.

The flexible PCB 54 is a single sided component that supplies the TAB films 22 of
each printhead module 12 with data connections through contact pads, which interface with
corresponding contacts 48 on each TAB film 22. The flex PCB 54 is mounted in abutting

25 relationship with the TAB film 22 along the angled sidewall 46 of the cover molding 28.
The flex PCB 54 is maintained in electrical contact with the TAB film 22 of each printhead
module 12 by means of a pressure pad 62 (Figure 7). The PCB 54 wraps underneath and
along a correspondingly angled sidewall 64 of the ink reservoir molding 32 of the ink
reservoir 16. The part of the PCB 54 against the sidewall 64 carries a 62 pin connector 66.

30 The sidewall 64 of the ink reservoir molding 32 of the ink reservoir 16 is angled to
correspond with the sidewall 32 of the cover molding 16 so that, when the printhead
module 12 is mated to the ink reservoir 16, the contacts 48 of the TAB film 22 wipe against
those of the PCB 54. The angle also allows for easy removal of the module 12. The flex
PCB 54 is 'sprung' by the action of the deformable pressure pad 62 which allows for



30 The sidewal|l 64 of the ink reservoir nolding 32 of the ink reservoir 16
is angled to correspond wth the sidewall 32 of the cover nol di n? 16 SO
that, WWEOHHR®Sprinthead nodule 12 is mated to the ink FPEVAIYPIIG, the
cont acts 48 of the TAB film 22 wi pe against those of the PCB 54. The angl e
also allows for easy renoval of the mpgule 12. The flex PCB 54 is 'sprung'
by the action of the deformable pressure pad 62 which allows for WO

01/ 42028 PCT/ AUOCQ 01517 -6 positive pressure to be applied and nai ntai ned
bet ween RORive Prassire o bé appliediand mad@BinGgd betveten tiecotitddts ofl the fi2x PTBeS4 and
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t ol | s to t h t Th
i toh of t he The R b6y oTROGLnSis? oS 20 el i B RO BE et e
cover nonigrompldiag 26hA ohened 8 lisidefiped @e@&ct)dnmwﬂgﬂbﬁmr pwvadisgthedinaVarkt i cal
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i nk charfeezd pnnt pattern, rather than relymg on very close tolerance moldmgs and exotic
materials to perform the same function. The pitch of the modules 12 is 20.33 mm.
The micromolding 26 fits inside the cover molding 28, the micromolding 26
20 bonding on to a set of vertical ribs 74 extending from the top 36 of the cover molding 28.

The cover molding 28 is a two shot, precision injection molding that combines an
injected hard plastic body (Acetal) with soft elastomeric features (synthetic rubber). This
molding interfaces with the sub-assembly 24 bonded to the micromolding 26. When bonded
into place the base sub-assembly, comprising the sub-assembly 24 and the micromolding

25 26, mates with the vertical ribs 74 of the cover molding 28 to form the sealed ink chambers
30.

As indicated above, an opening of each chamber 30 is surrounded by one of the
collars 40. These soft collars 40 are made of a hydrophobic, elastomeric compound that
seals against the ink nozzles 42 of the ink reservoir 16. The snap fits 44 on the cover

30 molding 28 locate the module 12 with respect to the ink reservoir 16.

The ink reservoir 16 comprises the ink reservoir molding 32 and a lid molding 76
(Figure 7). The molding 32 is a simple four chamber injection molding with the lid molding
76 that is bonded on top to form a sealed environment for each color ink. Ink supply pipes



30. As indicated above, an opening of each chanmber 30 is surrounded by one
of the collars 40. These soft collars 40 are nmade of a hydrophobi c,
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of the reservoir nolding 32 provides a nounting area for the flexible PCB
54 and data d?@nﬁém@cf@n%mmrﬁ% arecdedingdalong 1ke sidéschfribe @feraibis mnadding B@dodet ai | s

for faC'rEl'eB@Blmcélb‘i‘ﬁggﬁ‘é:&%gm IF Ml mbdiffesf2nd V+ busbars 58 and 60,

respectively. "The ne ssis 14 1s a preC|S|on punched, fol ded and

pl at ed net al cha55| s used nount t t head assenbly 10.in vari ous
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nountin any furt part a It can extanded in | engt h
t o provitysbars P8 aid 60.4e5PEG1EVedY. print head assemblies 10 for wider format
printers.

The metal chassis 14 is a precision punched, folded and plated metal chassis used to

mount the printhead assembly 10 into various products. The ink reservoir 16 is heat staked
to the chassis 14 via the heat stakes 88 and 90. The chassis 14 includes a return edge 94 for

20 mechanical strength. The chassis 14 can be easily customized for printhead mounting and
any further part additions. It can also be extended in length to provide multiple arrays of
printhead assemblies 10 for wider format printers.

Slots 97 are defined in the chassis 14 for enabling access to be gained to the clips 44
of the modules 12 to release the modules 12 from the ink reservoir 16 for enabling
25 replacement of one or more of the modules 12.

Thin finger strip metallic strip busbars 58 and 60 conduct V- and V+, respectively, to
the TAB film 22 on each printhead module 12. The two busbars 58 and 60 are separated by
an insulating strip 96 (Figure 14). The flexible, finger-like contacts 56 are arranged along
one side edge of each busbar 58, 60. The contacts 56 electrically engage the relevant contact

30 pads 48 of the TAB film 22 of each module 12 for providing power to the module 12. The

contacts 56 are separated by fine rib details on the underside of the ink reservoir molding
32.
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the printhead assenbly 10, a Menjet chip 18 is dry tested in flight by a
| so dices the wafer and transports individual
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wal | s of the chip 18. The 20 connecting wires are potted during this

process. A slot in the TAB film 22 that accepts the chip 18 and has the adhesive 20, which
also functions as a sealant, applied to the upper and lower surfaces around the chip 18 on all
sides. This operation forms a complete seal with the side walls of the chip 18. The
20 connecting wires are potted during this process.

The Memjet chip 18 and TAB film 22 sub-assembly 24 is transported to another
machine containing a stock of micromoldings 26 for placing and bonding. Adhesive is
applied to the underside of the fine ribs 70 in the channel 72 of the micromolding 26 and
the mating side of the underside ribs 68 that lie directly underneath the TAB film 22. The

25 sub-assembly 24 is mated with the micromolding 26.

The micromolding sub-assembly, comprising the micromolding 26 and the sub-
assembly 24, is transported to a machine containing the cover moldings 28. When the
micromolding sub-assembly and cover molding 28 are bonded together, the TAB film 22 is
sealed on to the underside walls of the cover molding 28 to form a sealed unit. The TAB

30 film 22 further wraps around and is glued to the sidewall 46 of the cover molding 28.

The chip 18, TAB film 22, micromolding 26 and cover molding 28 assembly form a

complete Memjet printhead module 12 with four sealed independent ink chambers 30 and
ink inlets 38.
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's not necessary, as a complete printhead assembly 10 will undergo digital adjustment of each chip
18 during final QA testing.

20 Each printhead module's TAB film 22 interfaces with the flex PCB 54 and busbars
58, 60 as it is clipped into the ink reservoir 16. To disengage a printhead module 12 from
the reservoir 16, a custom tool is inserted through the appropriate slots 97 in the metal
chassis 14 from above. The tool 'fingers' slide down the walls of the ink reservoir molding
32, where they contact the clips 44 of the cover molding 28. Further pressure acts to ramp

25 the four clips 44 out of engagement with the receiving formations 92 and disengage the
printhead module 12 from the ink reservoir 16.

To charge the ink reservoir 16 with ink, hoses 110 (Figure 3) are attached to the
pipes 78 and filtered ink from a supply is charged into each channel 80. The openings 82 at
the other end of the ink reservoir cover molding 76 are used to bleed off air during priming.

30 The openings 82 have tortuous ink paths that run across the surface, which connect through
to the internal ink channels 80. These ink paths are partially sealed by the bonded
transparent plastic film 84 during charging. The film 84 serves to indicate when inks are in

the ink channels 80, so they can be fully capped off when charging has been completed.
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printhead assembly 10.

20 It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present
embodiments are, therefore, to be considered in all respects as illustrative and not
restrictive.

25



15 Figure 15 shows how a nmultiple Menjet printhead system 112 coul d be
configured for wide format printers. Replaceable ink cartridges 114, one
for eachve@l/gR028 are inserted into an internediate ink rexavammorn1$116 t hat
al ways has a supply of filtered ink. Hoses 118 exit fromthe underside of
the reservoir 118 and connect up to the_ink inlet pipes 78 of each
printhead assenbly 10. 20 It will be apb%eciated by persons skilled in the
art that numerous variations and/or nodifications nmay be nade to the

i nvent i onWasclsihgwn i n the specific enbodi nents without departing fromthe
spirit or scope of the invention as broadly described. The present
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claim 1. A power Ly for rinthead assenbly, the power supply
including: a fir stasfuér?%t%p B?a’é%egtpg ¥ f4prevepgtiel thedirptestap having a pairdf r st
stri p hawipagedaenainals pfojectingdes haide edgt thepgodj ecting from a si de edge
thereof; 5 a second strip of an electrically conductive material, the
secofid strip havi RGe@ondSui®bart 8EEHHRAI i i . 10 [ ndi ng side
edge thereof, the frék éﬂgntabeing gugﬁaFﬁgkﬁghiﬁ%?%gm%&gsslﬂ%ﬁy%ge

arr anged Lheie Al grolecting fom,a cerrespppding sidg edge ieesef shejarrangement being r anged
bet ween, saohithaguitdinghatd strips lﬁkmarﬁahged mbrs}eﬁaé,nﬁé ﬁngﬁe téritfndliof e s%taéﬂ'zdo; Tﬁnd
a strip . er | arranged between the two _strjps. . . e
power su%fé?%/ﬁzagllag%% Hl al(’:‘l?gcl]u dlf%flﬂy %ﬂf’}:h‘ettﬁ'é’ terpugals of Fl}eﬂJ“PtssnaP;p?é‘éi tive
power rail and the second strip is one of a negative power rail and earth
rail. 3. The powef SEURBY psulating Patcaal arrangedibetveen thewnp siipsower suppl y
contacts are arranged along those side edges of the strips having the
ter# nal & 4. Tha@opewppbigssilaimed in tlaime dn whidh the firsg sirip ihipokitivbpowent act s
are in thgil bAd Re@bcondtriPididnk ©F b n¥eddveHoRefrail AARGfth rail.

3. The power supply as claimed in claim 2 in which power supply contacts are arranged
along those side edges of the strips having the terminals.

4. The power supply as claimed in claim 3 in which the contacts are in the form of
15 resiliently flexible fingers.



