wo 2013/134316 A1 [N 000000 O Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/134316 A1l

12 September 2013 (12.09.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
B41J 2/14 (2006.01) B41J 2/175 (2006.01) kind of national protection available): AE, AG, AL, AM,
. L . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2013/029202 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
5 March 2013 (05.03.2013) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: M, ZW.
61/606,709 5 March 2012 (05.03.2012) Us
61/606,880 5 March 2012 (05.03.2012) ys (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: FUJIFILM DIMATIX, INC. [US/US]; 109 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Etna Road, Lebanon, New Hampshire 03766 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Tnventors: BRADY, David A.; 116 Freeman Road, Plain- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
field, New Hampshire 03781 (US). KELLY, John; 2 Deer EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
> p s ;
Run Lane, Lebanon, New Hampshire 03766 (US) MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
WELLS J,R Robert ,L ; P.O. Box 331, Thetford Center. TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Py v ’ ’ ML, MR, NE, SN, TD, TG).
Vermont 05075 (US). ? T T
(74) Agent: FEIGENBAUM, David L.; P.O. Box 1022, Min- T uPlished:

neapolis, Minnesota 55440-1022 (US).

with international search report (Art. 21(3))

(54) Title: PRINTHEAD STIFFENING

]

415

[ | |
1741 220 425

1

FIG. 2C

60 211 213

SRR

SRR

T
T
T
T
T
T
—
=
T

i

1740

1750

191

160 1761 425

(57) Abstract: In general, in an aspect, an apparatus includes a body having a hollow ink refill chamber, a plate on a side of the
body, the plate having a series of posts separating a series of hollow channels adjacent to the hollow ink refill chamber in the body.



10

15

24

WO 2013/134316

PCT/US2013/029202

Printhead Suffening

This patent application claims the benefit of the priority date of U.S. Provisional Patent
Application No. 61/606,709, filed on March 5, 2012, and U.S. Provisional Patent Application
No. 61/606,880 filed on March §, 2012, pursuant to 35 U.8.C. 119, These provisional
applications are herein incorporated by reference in their entivety. This application

[[09991-029700111, fi

h
-
o

[=%

incorporates United States application serial number
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BACKGROUND

This description relates to printhead stiffening.

SUMMARY

In general, in an aspect, an apparatus includes a body having a hollow ink refill
chamber, a structure on a side of the body, the structure having a series of posts separating a
series of hollow channels adjacent to the hollow ink refill chamber in the body. The series of
posts support the body against compressive forces applied across the hollow ink refill
chamber.

Implementations may include one or more of the followmg features. The plate is
attached to the body to stiffen the body. The plate is attached to the body by mechanical
bonding. The apparatus further includes a comphiant element on an opposite side of the plate
from the body and ot in contact with the series of posts. The body includes carbon, the plate
includes stainless steel and the comphiant membrane includes polyimide. The apparatus
further fncludes a cavity plate between the plate and the compliant element. The cavity plate
nchides a series of punying chambers separated by lands. The plate is adjacent to the body.
A width of each post of the series of posts in the plate 1s within £10% of a width of a
corresponding one of the lands in the cavity plate. A thickness of cach post of the series of
posts corresponds to a thickness of the plate. The apparatus further includes a sccond plate
adjacent to the body, the second plate having a second series of posts separating a second
series of hollow channels adjacent to the hollow mk refill chamber in the body. The apparatus
further nchudes a second compliant element on an opposite side of the second plate from the

body and not in contact with the second series of posts. The apparatus further inciudes a
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second cavity plate having a second series of puroping charnbers each separated by lands, the
second cavity plate being between the second plate and the second compliant element.

In general, in an aspect, an apparatus inchudes an assembly having a body that
meludes a hollow ink refill chamber and a plate on a side of the body. The plate has a series
of posts separating a serics of hollow channels adjacent to the hollow ink refill chamber in the
body. The apparatus includes a compliant elerent on an opposiie side of the plate from the
body and not in contact with the series of posis.

Implementations may inchide one or more of the following features. The plate is
attached to the body by mechanical bonding. The body mchides carbon, the plate includes
stainless steel and the compliant membrane includes polyimide. The assembly is a jetting
assembly, the jetting assembly further includes a cavity plate between the plate and the
comphant element. The cavity plate inchudes a series of pumping chambers separated by
ands, and piezoecleciric clemenis in contact with the comphiant membrane. The apparatus
further tochudes a collar, a descender plate, and 2 nozzle plate. The jetting assembly i3 held
within the collar and 1s fluidically connected to the descender plate and the nozzie plate. The
apparabus further includes a housing and flexible circuits connect the jetting assembly to an
exterior of the housing. The jetting assembly is enclosed by the housing.

{n general, in an aspect, mechanical support 18 provided to a body having a hollow ink
refill chamber in a direction orthogonal to a length of the hollow ink refill chamber; and a
force is applied in the direction o secure the body to an asscmbly positioned along the
direction and under the body.

Implementations may inchide one or more of the following features. The assembly
positioned along the direction and under the body is detached from the body and is thereafter
attached an assembly under the body. The mechanical support is provided through a series of
posts separating a series of hollow channels adjacent to the hollow ink refill chamber in the
body. The body includes carbon and the series of posts includes stainiess steel. The body and
the assermbly are held logether under pressure. The body and the assembly are not glued
together. Aligned ink {low paths arc formed between orifices in the body and descender tubes
in the assernbly when the {orce is applied in the direction to secure the body to the assembly.

In general, in an aspect, a body having a hollow fnk refili chamber is provided, the
body is contacted with a plate on a side of the body, the plate having a serics of posts

3

separating a serics of hollow channels adjacent to the hollow ink refill chamber i the body.
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Implementations may inchide one or more of the following features. A comphant
clement is provided on an opposite side of the plate from the body, and during usc of the
compliant element, the compliant element does not contact the series of posts. The body is
contacted with a second plate on a second side of the body, the second plate having 4 second
series of posts separating a second series of hollow channels adjacent to the hollow tnk refill
charmber in the body. A force is applied in a direction along a height of the series of the posts;
and the body is attached to an assernbly positioned along the direction and under the body.
The body is detached {rom the assembly. The assembly, which includes a nozzle plate, is
cleaned.

These and other features and aspects, and combinations of them, can be expressed as

1751

ysterns, compoenents, apparatus, methods, means or steps for performing functions, methods
of doing business, and in other ways.
Other features, aspects, implementiations, and advantages will be apparent from the

3 b >

description and the claims.

DESCRIPTION
Figures 1A-1C are perspective, end, and magnified views of a nozzle plate assembly.
Figure 1D is a cross-sectional view of a printhead assembly.
Figure 1E 18 a perspective view of printhead assemblics on a print bar.
Figure IF 13 a magnified view ol a portion of Figure 1C.
Figures 2A-2B are perspective and cross-sectional views of an inkjet array module.
Figure 2C is a perspective magnified view of an inkjet array module.
Figures 3A-3B arc top and front views of a carbon body.
Figures 4A-48 are top views of a stiffener plate,
Figures 4C and 4D 15 a perspective views of overlapped stiffener plaie and cavity
plate.
Figures SA-SB are top views of a cavity plate.
Figure 5C 1s a cross-sectional view of the cavity plate.
Figures 6A and 6B are schematic perspective views of a nozzle plate,
Figures 7A-7C show isometric views of a printhead assembly.
Figures 7D2-7H are views of a printhead assembly.

Figure 8 15 a side view of a carbon body.
£ 3y
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Agshown in figures 1A, 1B, 1C, 1D, and 1¥, a nozzle plate assembly (or collar
asscmbly) 18 inchudes a collar 14, an integrated recirculation manifold 15 separate from the
collar 14, a stainless steel descender plate 17, a stainless steel nozzle recirculation plate 20,
and an electroformed nickel nozzle plaie 21, The collar, the recireulation manifold, the
descender plate, the recirculation plate, and the nozzle plate all have the same peripheral size
and shape.

A bottom surface 1012 of the collar 14 is joined using adhesives 1014 to an upper
surface 1510 of the integrated recireulation manifold 15, The integrated recirculation
manifold 15 i3 affixed using adhesives, such as epoxies, to a laminated piece 23 that includes
the descender plate 17 and the nozzle recirculation plate 20. The lamination is done by ghung
the descender plate 17 and the nozzle rectrenlation plate 20 together. The integrated
recirculation manifold 1§ integrates the {low paths of two recirculation systems. Details of
the recirculation systems are described in [0297001 ], which is incorporated by reference in iis
entirety. A bottom surface 1018 of the recirculation plate 20 is then joined adhesively to the
nozzle plate 21.

The collar and the integrated recirculation mamfold 15 may be made of carbon, while
the nozzle plate 21 may be an clectroformed plate made of nickel. A membrane 1641 (also
termed a “rock trap”) has small holes 1643 at locations where the membrane 1641 covers
corresponding descenders 194 i the manifold 15 (shown in figure 1C). Diameters of the
smail holes in the membrane1641 are smaller than the diameters of the nozzies in order fo
prevent debris and other impurities from clogging the nozzles of the nozzle plate assembly
10.

At opposite ends 16 and 17, the collar 14 mcludes corresponding protrasions 140 and
141, Protrusion 140 has two through-holes 142 and 143 through which two screws 130 and
131 can extend, while protrusion 141 has a single through-hole 144 (not shown) through
which a screw 133 (not shown) can extend. The serews 130, 131,132, and 133 allow the
nozzle plate assembly 10 to be mounted with other printhead components, on a print bar 1016
{shown in figure 1E}, or other supports

Ag shown in figure 1B, the collar 14 includes slots 161 and 162 which are separaied
by a wall 163 that extends along the length of the collar 14, Two inkjet array modules 6 {one
of which is shown, in an cxploded perspective view, in figure ZA) can be mounied in each of

the long rectangular slots 161 and 162 in the collar 14 such that a bottorg edge 1640 of a
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carbon body 160 of the inkjet array module 6 contacis the upper surface 1510 of the
integrated recirculation manifold 15 (see figure 1)

Figure 1C, which shows a partial cross-section view of a carbon body 160 of an inkjet
module 6 mounted within the slot 161 of the collar 14, 1s a magnified view of the area
marked by a dotted rectangle in figure 1B. A descender 192 is defined in the carbon body 160
for each nozzle opening 250 of the mmkjet array module. Each descender 192 includes a 90
degrec bend 193 joining an orifice 1644 defined on the lower portion of a face 162 of the

carbon body 160 to an orifice 1642 defined on the botiom edge 1640 of the carbon body 160,
Figure |F shows a magnified view of figure 1C. The mtegrated recircolation manifold 13 has
a recirculation return manifold 19 defined on its lower surface. Details of the recirculation
retumn manitfolds 19 are provided in [0297001 ], which is incorporated by reference m s
entirety.

Detailed views of the carbon body 160 are provided in figures 3A and 3B, There are
two rows cach having 128 orifices 1642 on the bottom surface 1640 of the carbon body
beeause the face 162 and a face 163 opposite (into the plane of the drawing m figure 3A) the
face 162 cach has one row of the orifices 1644, A spacing 164 between the orifices 1644 15
the same as a spacing 165 between the orifices 1642, The two rows of orifices are offset from
one another along the length of the carbon body by a distance that is one half of the spacing
between the orifices. In addition, the spacings 164 and 165 are also the same as the spacing

»f'i.’\‘

between nozzle openings 250 (shown in figare 7G) in the nozzle plate 21, The descender 192

is shown in figure 1C to align with the descender 194 defined in the integrated recireulation
manifold 15. Thus, an ink flow path is delined from the orifice 1641 through the 907 bend
193 through the hole in the rock trap and down the descender 194 to a descender 228 in the
descender plate 17.

Figure ZA shows the inkjet array roodule 6 having the carbon body 160, and stiffener
plates 211 and 212, cavity plates 213, 214, comphant membranes 1740, 1741, and

~
i
i

a1
S

piezoelectric elements 1750 and | asserbled into stacks located next to opposite sides

l
b

1761, 1762 of the carbon body 160. Four inkjet array modules 6 (i.c., 6A-6D) can be fitied
within the slots 161 and 162 of the collar 14 in the nozzle plate array assembly to formm a
printhead assembly 100,

A cross-sectional end view of the printhead assembly 100 is shown in figure 1D A

vertical tube 184 in the center delivers ink to all of the inkjet array modules 6A-61,
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Integrated civcuits 180 are mounted on each flex cirewit 166, 7A-7D are metallic clamps that
run the fength of the array (i.¢., into and out of the plane of the drawing i figure 1D with
screws 8A-813 at cach end of the metallic clamps 7A-70, respectively. Flexible conductors
1801 are part of the flex circuits and are connected to connectors 1805 to enable connection
to the outside world.

1t 15 useful for the nozzle plate assembly 10 (which is a relatively less valuable
component) to be easily detachable {rom the printhead assembly 100 in order to perform

outine mamtenance {¢.g., cleaning or replacement) of the nozzle plate assembly 10 that can
proiong the operational Lifetime of the printhead assembly 100 {which is relatively more
expensive}. In order to enable easy detachment of the nozzie plate assembly 10 from the
printhead assembly 100, the nozzle plate assembly 10 is not permanently bonded to the
printhead assembly 100. Instead, the nozzle plate assembly 10 is mechanically clamped to the
printhead assembly 160, A substantial clamping force 200 {(shown in figures iC and 3A)ina
direction perpendicular to the surface 1510 of the integrated recirculation manifold 15 1s
required to achicve a good mechanical seal between the nozzle plate assembly 10 and the
nkjet modules 6A-6D. However, such a clamping force cannot be evenly transmitted at all
locations along the carbon body 160, through the carbon body 160 of the inkjet modules 6A-
61} to the nozzle plate assembly 10, This is due to a decrease in mechanical stiffaess of the
carbon body 160 along part 2101 of #s length 210 (shown in figure 3A) caused by the
presence of a hollow ink refili chamber 191 defined in the middle of the carbon boady 160,
The hollow ink refill chamber would allow the carbon body to distort in the presence of a
uniform force applied along the length of the top of the carbon body 160, making 1t difficult
to transmit the applied force umiformly along all positions at the bottom of the carbon body
160.

To tmprove the evenness of the transnussion of forces 169 from a top portion 161 of
the carbon body 160 to forces 1691 at the bottorn of the carbon body 160 towards the nozzle
plate assembly 10, two stainless steel stiffener plates 211 and 212 that are attached to and
sandwich the carbon body 160 between thern have a uniform series of stainiess steel posts
330 (shown in figures 4A and 4B) fabricated in a long hollow channel 320 adjacent to the ink
refill chamber 191, The posts provide stiffness on both sides of the ink refill chamber to
stiffen the carbon body 168, reduce the deformation of the carbon body, and enable it 1o

transmit the claroping forees evenly from the top to botion. Tn other words, the posts provide
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mechanical support to the carbon bedy 160 having a hollow ink refill chamber 191 ina
direction orthogonal to a length of the hollow ink refill chamber; such that the clamping force
200 secures the carbon body 160 1o the nozzle plate assembly 10 positioned along the
direction and under the carbon body 160,

The series of posts 330 define a corresponding serics of hollow chamnels 310 in cach
of the stiffener plates 211, adjacent to the ink refill chamber 191 of the carbon body 160.
These posts 330 and hollow channels 310 arc also aligned between respective inkjet pumping
chamber inlets 415 in the cavity plate 213, Tn Figure 4C, the stiffener plate 211 Hes above and

~ 5
i

overlaps the cavity plate 213, The bottom half of the stiffener plate 211 is removed to show
the underlying features on the cavity plate 213. The posts 330 in the stiffener plate 211 line
up with lands 426, which separate two pumping chambers 220, in the cavity plate 213. The
hollow channels 310 in the stiffener plate 211 are also Hined up with the pumping chambers
220 1 the cavity plate 213 to ensure that ink flows from the ink refill chamber 191 through
the holow chanuels 310 and into the pumping chambers 220. When the carbon body 160 and
the stiffener plates 211 and 212 are mechanically bonded together using an epoxy, the series
of posts 330 in the stiffener plates 211 provide the needed mechanical stiffness in the
direction marked with an arrow 2110,

The distance between the centers of hollow channels 310 in the stiffener plates 211
and 212 is equivalent to the width of a gap 315, which is also equal to a spacing between
nozzie openings 250 in the nozzie plate 21. The spacing between nozzle openings 250 in the
nozzle plate 21 is the same as the spacing 341 between openings 340 in the stiffencr plates
The dimensions of the hollow channels 310 between the posts 330 help to maintain a good
volume of flow from the ink refill charber 191 into each of the pumping chambers of 220 n
the cavity plate 213 and 214 while the dimensions of the posts provide mechanical stiffness
in the direction marked with arrow 2110, The flow of ink leaves the ink refill chamber 191
and enters the stiffener plate through the hollow channels 310 between a pair of posts 330.
The dimensions of the posts also ensure that fluid resistance experienced by ik flowing out
from the ink refill chamber through the hollow channels 310 is not oo large such that the
flow of ink from the ink refill chamber into the cavity plate is impeded.

The stiffener plate 211 can have a thickness 2111 (shown in figure 28) of about 50
microns to 150 microns (for example, 127 microns). As shown in figure 4B, a height 331 of

the posts 330 can be, for example, fess than about 4 ramy, 3 rom, 2 o, and /or greater than
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about 500 microns, | mm. A width 332 of the posts 330 can be for example, less than about
250 microns, 200 microns, 150 microns, 130 microns, and/or greater than about 100 microns,
or 120 microns. The gap 3135, between the centers of two adjacent hollow channels 310 can
be less than about 700 microns, 800 microns, 508 microns, and/or greater than about 350
microns, 450 microns, or 300 microns.

Figure 5B shows a magnified view of the pumping chambers 220 defined in the cavity
plate 213, The cavity plate 213 can bave a thickness 2130 {shown in figure 5C) of about 50 1o
150 microns (for exarople, 127 microns). A width 423 of the hollow pumping charobers 220
can be, for example, less than about 500 microns, 400 microns, 388 microns, and/or greater
than about 250 microns, 300 microns, or 350 microns. A spacing 422 between the centers of
two hollow pumping chambers 220 can be, for example, less than about 700 microns, 600
microns, 308 microns, and/or greater than about 406 microns, or 500 microns.

Ribs 424 and 425 cach has about half the thickness of the cavity plate 213 and
provides structural support, allowing the cavity plate 213 1o be handled during assembly
without damage to lands 426, which are areas between pumping chambers 220. The lands
426, being narrow and thin, are fragile and valnerable to bending, folding, or breaking before
covers are mounted on the cavity plate 213, which can then provide additional support.
Covers are attached fo each surface of the cavity plate 213 to form pumping chambers. The
covers include comphant membranes 1740 and 1741 and the stiffener plates 211 and 212.
Pue to the narrowness of fands 426, the jetting asscrably that includes the cavity plate 213
can therefore have a higher nozzle pitch and produce high resohution images. The dimensions
of lands 426 can be, for example, less about 300 microns, 200 microns, 150 microns, 120
microns, and/or greater than 75 nucrons, or 100 microns, Further description is provided in
LS. Pat. No. 8,091,988, the entire content of which is incorporated herein by reference.

The posts 330 i the stiffener plate 211 are dimensioned to align with an (imaginary)
extension 435 (figure 413) n the ink refill passage 410 of the cavity plate 213, the extension
435 being divectly above the lands 426 between different pomping chambers 220.

Two compliant membranes 1740 and 1741 that are paralle] to the stiffener plates 211
and 212 are spaced by a distance not smaller than 118 micron (greater than 120 roicron,
greater than 150 micron, greater than 250 microns, and/or smaller than 400 mucrons, smaller
than 360 microns) from the stiffener plates 211 and 212, respectively, to handle the acoustic

waves propagated in the ink properly by not contacting the posts 330 when the membranes
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are being deflected during operation. The compliant membranes help to reduce cross-talk
between the pumping chambers 220.

Figure 2C shows a perspective magnified view of the inkjet array module 6. The posis
330 are stacked on the opposite faces 1761 and 1762 of the carbon body 160 to stiffen the
carbon body along the hollow ink refill chamber 191, The cavity plates 213 and 214 contain
ribs 4235 for structural support, as outlined above. Ink from the hollow ink refill chamber 191
flows between the posts 330 and enters the pumping chamber 220 through the pumping
chamber inlet 415. The coropliant membranes 1740 and 1741 are stacked between the cavity
plates and the piezoelectric elements 1750 and 1751,

In one specific example, the following dimensions can be used for the parts discussed
in the previous paragraph: the complhiant membranes are each 25 micron thick, the stiffener
plates and the cavity plates are each 127 micron thick, the posts 330 are 130 microns wide,

7 microns thick and 2 ram tall.

Crosstalk 1s vnwanted fuidic interaction between ink flowing in and jetied from
separate jeis. A jet generally refers to the puroping charober, the piezoelectric element, the
fluid path to 8 nozzle, and the nozzle from which ink is ejected. Typically, it is desirable that
there be no crosstalk between jets. When crosstalk is present, the firing of one or more jets
may influence the performance of other jets by altering ink ciection velocities or the drop
volumes jetted, for example. This can occur when unwanted energy is transmitted between
jets. During operation of the inkjet module 6, the piczoeleciric elements 1750 and 1751 {e.g.,
PZT) expand and flex the compliant membranes 1740 and 1741, which are attached 1o the
piezoelectric elements. This in turns causes the comphiant membranes to pull away from the

1
i

cavity plates 213 and 214, creating low pressure regions in the pumping chambers 220 due to
the increase in volume of the pumping chambers, which causes ink 170 in the refill chamber
191 to be drawn into them, across the hollow channels 310 in the stiffener plates 211 and
212, and into the ink {ill passages 410 m the cavity plates 212 and 213,

The increase in volome in the pumping chamber also causes the ink already present in
the pumping chamber to launch a negative pressure wave which contains acoustic cnergy.
This negative pressure starts in the pumping chamber and travels toward both ends of the
pumping chamber 220 (towards an end 42 lof the purping chamber 220 and towards an ink
fill passage 410 above the pumping chamber inlet 415). When the negative wave reaches the

end of the pumping chamber and encounters the large area of the ink fill passage 410 (which
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can be approximated to a free surface), the negative wave 1s reflected back into the pumping
chamber 220 as a positive wave, travelling towards the end 421 of the pumping chamber 220.

The effect of providing an juk fill passage with the equivalent of a free surface 441 {shown in

4

figure 5C) 1s that more energy is reflected back into the pumpmg chamber at the pumping
chamber inlet 415, and less energy enters the ink fill passage 410 where the energy could
travel down other pumping chambers and affect the performance of neighboring jets.
Moreover, reflecting acoustic energy back into the pumping chamber 220 mncreases the
pressure at the end 421 of the pumping chamber for a given applied voltage.

The compliance of the membranes 1740 and 1741 over the ink ill passage 410 also
reduces crosstalic between jets by reducing the amplitude of pressure waves that enter the 1k
fill passage from firing jets. The compliant roembrane 1740 and 1741 can for example, be a
film of polyimide having a thickness of less than about 100 microns, 50 microns, 25 microns,
and/or a thickness greater than about 10 microns, or 20 microns. In general, the more
comphiant (or less constrained) the membrane is, the better 1t reflects the negative pressure
wave and atienuates any waste acoustic energy that may otherwise enter neighboring
pumping chambers. The placerment of the posts 330 in the stiffener plate 211 ensures that the
compliant merabrane can deflect sufficiently towards the cavity plate 223 and not be
obstructed by the presence of posts 330. o other words, during the operation of the printhead
assembly 100, the compliant membranes 1740 and 1741 do not contact the stiffener posis
330.

Afier the piezockectric element is beld in the expanded state for a period of tiroe, the
piezoelectric element 1750 is deactuated so that i retums to its origmal position. The
returning of the piezoelectric element (o its original position creates a positive wave in the ink
in the pumping chamber. The timing of the deactuation of the piczoelectric element is
selected so that its positive wave and the reflected positive wave are additive when they reach
the end 421 of the pumping chamber. This is discussed m U.S. Pat. No. 4,891,654, the entire
content of which is incorporated herein by reference.

From the end 421 of the pumping chamber 220, the ink leaves the pumping chamber
220 and 1s then pushed towards openings 340 defined in the stiffencr plate 211 before
entering the orifices 1641 in the carbon body 160. The ink then negotiates the 90 degree bend
of the descender 192 in the carbon body 160 and emerges from the carbon body 160 along

the edge 1640 through orifices 1642 before contimuing on the fluid path that leads to nozzle

10
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1

openings 250 in the nozzle plate 21, Ink 18 the ejected {rom the printhead assembly 100 and
gets deposited on a printing medium.

As shown in figure 64, a nozzle plate 600 has nozzle openings 601, The nozzle plate
600 has an exposed surface 603 that faces a printing medium 604; cach of the nozzle
openings 1s atl the exposed surface 603, and ink droplets from each jet are gjected from the
nozzle opening toward a substrate during printing,

As shown in figure 68, the nozzle opening for each jet lics at the end of a nozzle tube
607 in a nozzle plate 600. At times when ik droplets are not being ¢jected from the nozzle
opening, ink is held in the nozzie tube to prepare the nozzle for subsequent jetting of droplets.
The ink in the nozzle wbe then forms a meniscus 6035 of ink 170 to define a higuid-air
interface 606 within the nozzle tube 607 The meniscus 6035 may have an outer rira 691 at the
nozzle opening and a concave surface 693 caused by a negative pressure apphed to the ink

/
b

170 upstream of the nozzle to keep it from leaking from the nozzle opening. (We often use
the term nozzie interchangeably with the term nozzle tube.) The meniscus 605 extends over
the diameter 608 of the nozzle opening 601 and s posttioned within the nozzle tube 607 of
the nozzle opening 681, away from the exposed surface 603. The ink, which can mchide
pigraents and solvents, may dry or undergo other changes in its characteristics at the nozzle
opening 601 and within the nozzle fube, for example, when volatile solvents 609 evaporate
from the ink through the liguid-air interface 606 of the meniscus 605, Ink that is held in and
flows through various parts of the inkjet array module is also subject to settling of pigments
and to other changes i characteristics that can adversely trapact the quality of the printing
and the maintenance of the inkjet array module. To reduce these effects, ink can be
recirculated continuously while the inkjet array module is in operation or in an idle state. For
this purpose, recirculation can be carried out, for example, at a refill chamber 191 {figure 7E)
of an inkjet array module 16A (figure 7E), upstream of individual puroping chambers 220,
Several inkjet array modules can be installed n a printhead assembly 10

The refill chamber 191 houses a larger volume of ik 170 compared to the ik
contained in individual puraping chambers 220, Recirculating ink at the refill chamber 191
helps to prevent heavier pigments of inks 170 from setthing there. Reciraulating at the refill
chamber 191 helps to ensuare that ink having specific characteristics (for example, viscosity,
temperature, amount of dissoived gases) is delivered to individual pumping chambers 220 for

jetting. In addition, a deacrator can be arranged upstream of the refill chamber to remove
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gases from the ink supplied to the refill chamber 191, In that way, inks having very low
dissolved gas conient can be supplied to pumping chambers 220for jetting. Recirculating ink
170 at the refilf chamber 191 also facilitates changing of inks because the refill chamber
recirculation flow paths provide a fhud path for the ink 170 io the refill chamber 191 o0 be
actively removed (using back pressure exerted {rom an external source 120) from the
printhead assembly 16 in order for new inks to be introduced to the printhead assembly 10. In
the absence of the recirculation fluid paths, a particular ink would need to be flushed from the
nozzles 249 before new mk can be mtroduced to the printhead assembly 10 (assuming that
the printhead assembly 10 is not disassembled between changes of ink}. Recirculation of ink
also helps with priming and recovery. An empty printhead containing air can be primed by
introducing a jetting thud into the printhead such that a meniscus of the jetting fluid is formed
at one or more nozzles of the printhead. Priming generally refers to the preparation of a
meniscus at the nozzie.

sy
Ty
I

In addition to recirculating ink at the refill chamber, recirculating ok 170 that is being
held in and upstream of the nozzle 249 from which ink droplets are to be gjected helps to
ensure that fresh ink, of the same characteristics {e.g., viscasity, temperature, and solvent
conteni} as the ink that is in the refill chamber 191 1s held in the nozzle 249, for example,
during the time when ink is not actually being jetted. Recirculation helps to ensure that, for
example, the {irst droplet jetted from the nozzle opening 250 after a period of no jetting is of
the same quality, size, and characteristics as other droplets that are jetted before and after the
period of no jetting. This allows for better jetting performance.

For example, inks that contain volatile solvents may be dried out within the nozzle
249 when the meniscus 605 of the nk 170 at the ink-air interface 606 loses the volatile
solvents 609 at the interface to the atmosphere, in the absence of recirculation. Some inks
may absorb air through the ink-air interface 606 at the meniscus 605 when the ink i3 exposed
to afr. This absorption may cause bubble formation within the printhead assernbly 10 that can
render the printhead inoperable when these bubbles are trapped in ink passages in the
printhead assembly 10.

To recireulate ink that is held m the nozzle tube at imes when the inkget is not
cjecting droplets from the nozzle opening can be done by providing a recirculation path that
opens at one end into the nozzle tube and leads at its other end to a recirculation supply of

ink. We describe such nozzle recivcuiation paths below. Note that, as shown in figure 68, the
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nozzle tube 607 mncludes not only the segment that lies within the nozzle plate but also a
collinear segment within a nozzle recirculation plate 20, and at least part of the nozele
recirculation path is provided in the nozzle recivculation plate, as described n more detail
below.

Providing such recirculation paths from the nozzle tubes is not trivial due to space
constraints in body in which the nozzles are formed. The inclusion of recirculation paths to
closely spaced nozzles may also create cross talk between jets (explained in more detail
below). Recirculation may also reduce efficiency of the jetting, because it draws some mk
from the nozzle tube and reduces the ink pressure in the nozzle tube, which can reduce the
amount of jetting fluid that is being cjected in a droplet from the nozzle opening onto the
printing substrate. The recirculation flow also may perturb the meniscus pressure at the
nozzle leading (o a heightened sensitivity of the nozzle to the flactuations in the recivculation
pressure.

Ink flows at a nominal flow rate as it is ¢jected through each of the nozzle onto a
substrate. Ink i3 held under a nominal negative pressure associated with a characteristic of a
meniscus of the ink in the nozzle when ejection of ink from the nozzle is not eccurring. Bach
flow path baving a nozzle end at which it opens nto one of the nozzles and another location
spaced from the nozzle end that is to be subjected to a recirculation pressure lower than the
nominal negative pressore so that ink is recirculated from the nozzle through the flow path at
a recirculation flow rate. Each recirculation flow path has a fluidic resistance between the
nozzie end and the other location such that a recirculation pressure at the nozzle end of the
flow path that results from the recirculation pressure applied at the other location of the flow
path is small enough so that any reduction in flow rate below the nominal flow rate when ink
is being ejected is less than a threshold, or a change in the nominal negative pressure when
ink is not being ejected is less than a threshold, or both.

o some inkjet heads, the ink 170 is spiit into two paths in a recirculation structure
mmmediately upstream of the nozzle plate 21. One of the paths conducts the ink to the nozzle
plate 21, from which ink is ejected. The other path provides a path for the ink to flow out of
the printhead assembly 10 into an external ink reservoir 110,

A reciraulation flow rate for recirculation flow paths for nozzies of mk jets of an
inkjet assembly is selected and a maximum external pressure to be applied to the recirculation

flow paths is selected. A refill resistor having fluidic resistances to provide a fhuid flow rate

13
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from the refill resistor that is similar to a sum of nozzle recirculation flow rates for the
nozzles is designed. A portion of a fivid in a nozzie of an inkjet of an inkjet assembly flows
from the nozzle through a recirculation path to a reservoir sgparate from the inkjet assembly.
In figure 7A, an mkjet printhead assembly 10 has an ink nlet 11, and an ink outlet 12
5 The ind miet 11 is connected to an external ink reservoir 110 through a tubing coupler 109

and piping 111 so that the ink reservoir 110 supplies ink 107 to the ink inlet 11 {in the
direction mdicated by arrow 103}, The external ink reservoir 110 is also connected to the ink
outlet 12 through a tubing coupler 105 and piping 112 and recetves retarned mk from the ink
cutlet 12 (n the direction mdicated by arrow 101). The external ink reservoir 11 is

10 connected to a vacuum source 120 through vacuur connections 121, The vacuum source 126
can exert a vacuum pressure on the ink 1o the ink reservoir 110,

E"}

The printhead assembly 10 includes a rigid housing 13 formed of two half-pieces 9
and 7, which (when assembled) encapsulate components of the printhead assernbly 1.
Exaraples of materials from which the two half-pieces of rigid housing 13 can be made

15 nchude thermoplastics. The ink mlet 11 enters the housing 13 through a ring-shaped resilient
support 156 that is captured in a round aperture 1001 formed on the upper wall of the housing
13 when the two half~picces are mated.

Similarly, the mk outlet 12 leaves the housing 13 through a resilient ring support 155
that is captured in a round aperture 1004 formed in the upper wall of the housing 13 when the

20 two hali-pieces are mated. The boltom 1006 of the housing 13 has an inwardly projecting rim
1008 on both ends that mates with corresponding grooves 1010 on oppoesite ends of a collar
14.The integrated recirculation manifold 15 15 a separate piece from the collar, and mtegrates
the flow paths of two recircolation systems. Details of the recircudation systems are deseribed
below.

25 The collar 14, the integrated recirculation manifold 13, the descender plate 17, the
nozzle recivculation plate 20 and the nozzle plate 21 jointly form a nozzle plate assembly 221

The housing 13 can be opened into two halves along a seam 150, A muliiple-contact
clectrical connector 157 at the top of the assembly can receive a mating connector of a signal
cable to enable signals to be carmied to and from actuation elements of the printhead assembly

30 used to trigger jetting of ink from each nkjet, for example. Using the three mounting screws,

the tubing couplings 105 and 109, and the electrical connector 157, the entire printhead
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assembly can be casily removed as a stand-alone assembly from the print bar 1616, for
mainienance, storage, or replacement.

As shown in figure 78, within the printhead assembly four inkjet array modules 16A-
16D are arvanged m two pairs, each pair mounted in corresponding long rectangular slots 161
and 162 m the collar 14, Each array modide meludes two flexible cireuits 166 that are
connected to circuitries mounted on a circuit board 158 supported within the housing 13. A
heater wire 195 is optionally included in some printhead asserobly 10. The heater wire 195
can be used to heat up the ink 107 that is supplied into each of the inkjet array modules [6A-
16D,

The ink inlet 11 is connected, as shown in figure 7C, to the collar 14 at a throughbole
280 in the wall 163 by way of a piping 1100 and a coupler 1105, The ink outlet 12 is
connected to the collar 14 at a throughhole 122 1n the wall 163 of the collar 14 through a
coupler 1110 and a piping 1115. A sccond return 1421 from the recirculation manifold is
formed as a horizontal channel in the collar 14, The four pairs of flexible circuits 166 are
connected to electronic circuitries 171 arranged on the board 158,

Figure 7D shows a cross-sectional end view of the printhead assembly 10, Aluminom
clamps 1184 span the length of each of the inkjet array modules 16A-16D {into and out of the
planc of the drawing}. There s a screw 1185 at each end of the aluminum clamp 1184, the
screw having a screw head 1186 positioned above the clamp 1184, Each of the array modules
16A-16D includes a carbon body 190, in which a refill chamber 191 is defined. All four refill
charobers 191 for the array modules 16A-16D are fluidically connecied. The carbon body 190
is sandwiched between stiffener plates 210, 211 and cavity plates 212 and 213. An enlarged
view of the lower left portion of the printhead assembly (marked with a rectangle) is shown
in figure 7E.

Figure 7E shows two array modules 16A and 16B. The descender 197 extends
through the integrated recirculation manifold 15 as a descender 194. The mtegrated
recirculation manifold has an upper surface 1510 and a lower surface 1515. A total of eight
recirculation return manifolds 19 are defined in the lower surface 1515, of which five are
shown in Figure 1E. An enlarged view of the lower middle portion of Figure 1E is shown m

Figure IR
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The descender 194 defined n the mtegrated recireulation manifold 135 connects an end
of descender 192 to a descender 220 defined in descender plate 17, An enlarged view of the
lower left portion of Figure 1¥ is shown m Figure 1G

Figure 7G shows a bottorn up view (viewed from the nozzle plate 21) of a portion of
the nozzle plaie assembly 221. The nozzle plate assembly includes the collar 14, the
integrated recirculation mantfold 15, the descender plate 17, the nozzle recirculation plate 20
and the nozzle plate 21. The nozzle plate 21 contains a number of nozzle openings 250, The
top portions of the figure shows the recirculation return manifold 19 defined in the lower
surface 1515 of the integrated recireulation manifold 15. Below the manifold 15 is the
descender plate 17 in which a nomber of descenders 1220 and ascenders 1230 are defined. A
void 240, also known as a “glue sucker”, serves as an adbesive control feature by holding
glue squeezed out between the recirculation manifold 15 and the descender plate 17 during
assembly. The descenders 1220 are aligned with a port 22 in the nozzie recirculation plate 20.
The descender plate 17 15 adhesively bonded to the nozzle recirenlation plate 20 1o form the
Taminate piece 23, The port 22 in the nozzle recireulation plate 20 is connected via a V-
shaped nozzle recirculation resistor or channel 24 to a port 23 which is aligned with the
ascender 1230 in the descender plate 17 to the recirculation return manifold 19, There are
equal numbers of descenders 1220 and ascenders 1230 and the total number of descenders
1226 matches the total number of nozzle openings 250. In other words, each nozzle opening
250 has its own dedicated nozzle recirculation resistor 24. The nozzle recirculation resistor 24
is, for exaraple, a fluidic channel. Elements 231 are cross sections of other V-shaped nozzie
recirculation resistors 24 that belong to other nozzles 250 arranged into and out of the plane
of the drawing in Figure 1G. The ink that is delivered to the recirculation return manifold 19
exits the printhead assembly 10 through the ink outlet 12,

Figure 7H shows a strailar view of the nozzle plate asserably 221, but without the
nozzle plate 21. Each V-shaped nozzle recireulation resistor 24 1s connected to a respective
nozzle opening 250 via the port 22, while the other end of the resisior 24 is commected to the
poit 23 which directs ink to the reciveulation return manifold 19 through the ascender 230 in
the descender plate 17

As shown in figures | B and 1D, inkjet array modules 16A-D are mounted within slois
161 and 162. Each array module includes a carbon body 190 {shown in figure &) in which a

refill chamber 191 1s defined. A bottom edge 1640 of the carbon body 190 rests on the
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integrated recircalation manifold 15 when the array modules 16A-D are assembled in the
slots 161 and 162 of the collar 14. The hashed portions of figure 8 expose the subsurface
features of the carbon body 190. When the carbon body 190 of the inkjet array module 18
assembled within either slot 161 or 162 in the collar 14, and contacts the top surface 1510 of
the integrated recivenlation manifold 15, the opening of channel 1530 on the edge 1640 of the
carbon body 190 tines up with the throughhole 44 of the integrated recirculation manifold 15,
In this way, the ink that leaves the top surface 1510 of the recirculation manifold 15 enters the
channel 1530 in the carbon body 190 and is divected upwards into the mk refill chamber 191,

ther implementations are also within the following clatms.
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WHAT IS CLAIMED I%:

i. Axn apparatus comprising:
a body comprising a hollow iuk refill chamber; and
a structure on a side of the body, the structure comprising a series of posts

separating a series of hollow charmels adjacent to the hollow ink refill chamber in the

body.

2. The apparatus of claim 1 in which the structure comprises a plate.

3. The apparatus of claim 2 in which the plate is attached to the body to stiffen the
body.

4. The apparatus of claim 3 in which the plate is attached to the body by mechanical
bonding.

4. The apparatus of claim 1, in which the structure is an clement separate from the
body.

5. The apparatus of claim 2, further comprising a compliant element on an opposite

side of the plate from the body and not in contact with the scries of posts.

6. The apparatus of claim 3, wherein the body comprises carbon, the plate comprises

stainless steel and the comaplisnt membrane comprises polyimide.

7. The apparatus of claim 5, further comprising a cavity plate between the plate and

the compliant clement.

&. The apparatus of claim 7, wherein the cavity plate comprises a series of pumping

chambers separated by lands.

18
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9. The apparatus of claim 2, wherein the plate s adjacent to the body.
10, The apparatus of claim &8, wherein a width of each post of the serics of posts in the

plate i3 within +£10% of a width of a corresponding one of the lands n the cavity plate.

it The apparatus of claim 10, wherein a thickness of each post of the series of posts

corresponds to a thickness of the plate.

12. The apparatus of claim @, further comprising:

a second plate adjacent to the body, the second plate comprising a second series
of posts separating a sccond series of hollow channels adjacent to the hollow ink refill
chamber in the body;

a sccond compliant clement on an opposite side of the second plate from the body
and not in contact with the second serics of posts; and

a sccond cavity plate comprising a second serics of pumping chambers cach
scparated by lands, the sccond cavity plate being between the second plate and the second

compliant clement.

13. An apparatus, comprising:
an assembly comprising:

a body comprising a hollow ink refill chamber;

a plate on a side of the body, the plate comprising a series of posts
separating a series of hollow channels adjacent to the hollow ink refill chamber inthe
body; and

a compliant element on an oppostie side of the plate from the body

and not in contact with the series of posts.

14, The apparatus of claimn 13 in which the plate 15 attached to the body by

mechanical bonding.
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15, The apparatus of claim 13, wherein the body comprises carbon, the plate

comprises stainless steel and the compliant membrane comprises polyimide.

6. The apparatus of claim 13, wherein the assembly is a jetting assembly, the jetting
assembly further comprises:

a cavity plate between the plate and the compliant element, wherein the cavity
plate comprises a series of pumping chambers separated by lands; and

piczoelectric elements i contact with the comphiant element.

17. The apparatus of claum 16, firther comprising:
a collar;
a descender plate; and
a nozzle plate; wherein the jetting assembly is held within the collar and is

tluidically connected to the descender plate and the nozzle plate.

I8, The apparatus of claim 17, further comprising:
a housing;
flexible circuits connect the jetting assembly to an exterior of the housing;

wherein the jetting assembly is enclosed by the housing.

19. A method, comprising:

providing mechanical support to a body having a hollow ink refill chamber in a
direction orthogonal to 4 length of the hollow ink refill chamber; and

applying a force in the divection to secure the body to an assembly positioned

along the direction and under the body.
20. The method of claim 19, further comprising:

detaching the assembly positioned along the direction and under the body from

the body and thereafter attaching an assernbly under the body.
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21, The method of claim 19, the mechanical support is provided through a series of
posts separating a series of hollow channels adjacent to the hollow ink refill chamber in

the body.

22. The method of claim 21, wherein the body comprises carbon and the series of

posts comprises stainless steel.

23. The method of claim 19, wherein the body and the assembly are held together

under pressure.

24. The method of claim 23, wherein the body and the assembliy are not glued
together.
25. The method of claim 19, further comprising:

forming aligned ink flow paths between orifices in the body and descender tubes in the

assembly when the force is applied in the direction to secure the body to the assembly.

26. A method comprising:

providing a body comprising a hollow ink refill chamber; and

contacting the body with a plate on a side of the body, the plate comprising a
serics of posts separating a series of hollow channels adjacent to the holiow ink refill

chamber i the body.

27. The method comprising claim 26, further comprising:
providing a compliant element on an opposite side of the plate from the body; and
during use of the compliant element, the compliant clement does not contact the

series of posts.

28, The method of claim 27, further comprising:

21
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contacting the body with a second plaie on a second side of the body, the second
plate comprising a second series of posts separating a second series of hollow chanuvels

adjacent to the hollow ink refill chamber in the body.

29. The method of claim 28, further comprising:
applying a force in a direction along a height of the series of the posts; and

attaching the body to an assembly positioned along the direction and under the

body.

30 The method of claim 29, further comprising:
detaching the body from the assembly.

31. The method of claim 30, further comprising:

cicaning the assembly, the assembly comprising a nozzie plate.

22
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