
EP 0 320 165 B1 Description This invention relates generally to fluid
delivery systems, and in particular to fluid delivery system for use with
ink jet pens in ink jet printing systems. 5     In the manufacture of
disposable pens for various types of ink jet printers, various approaches
have been taken to ensure that a substantially constant backpressure (or
sub-atmospheric pressure) is provided to the printhead of the pen as the
ink is depleted from full to empty during an ink jet printing operation. In
this manner, the size of the ink drops ejected from an orifice plate of the
pen will remain constant during ink depletion, and additionally this
backpressure will prevent leakage of ink from the orifice plate when a
orifice 10  is not firing. One such approach to providing a substantially
constant backpressure in the ink reservoir of a thermal ink jet pen is
disclosed and claimed in U.S. Patent No. 4,509,062 issued to Robert Low et
al and entitled "Ink Reservoir with Essentially Constant Negative
Backpressure". Whereas the approach described in the above Low et al Patent
has proven highly satisfactory and unique in most respects, this approach
nevertheless requires and relies upon a collapsible bladder in order 15  to
maintain a substantially constant backpressure in the ink reservoir over a
certain range of ink depletion therein. This requirement for a collapsible
bladder has certain attendant disadvantages, in particular, volumetric
inefficiency. These disadvantages have been overcome by the present
invention and will be appreciated and better understood from the
description to follow. Another more recent approach to storing ink in an
ink reservoir of a disposable ink jet pen and without using a collapsible
bladder is disclosed, in EP-A-0 261 764 by Jeffrey Baker et al, filed July
1, 1986, assigned to the present assignee and incorporated herein by
reference. In this latter approach, a reticulated polyurethane foam is used
as an ink storage medium for both black and colour pens. This more recent
technique of storing the ink in a porous medium such as polyurethane foam
provides several new and useful improvements with respect to earlier
bladder type storage techniques. However, the requirement for 25  a porous
storage medium in the main ink reservoir of the pen limits the volumetric
storage efficiency of the ink reservoir. Also the backpressure cannot be
made as nearly constant during ink depletion as in the method disclosed
herein. And, the cut and cleaned foam adds a significant cost to the foam
storage type pen. US-A-3 967 287 and JP-A-61 22 952 both disclose a fluid
delivery system including a primary reservoir, 30  a secondary reservoir
and an orifice plate all linked by a fluid flow path, wherein the fluid
flow path comprises a porous member. It is a general object of the present
invention to provide still further new and useful improvements in fluid
delivery systems for use in ink jet pens so as to improve the ink storage
without using a porous material or other ink storage media and required
their associated storage space within the pen body 35  housing. Another
object is to provide a new and improved fluid delivery system of the type
described in which the storage volume has been substantially increased
relative to foam storage in other similar types of fluid delivery system of
a type described whose storage volume can be greatly increased by redesign,
should this this prove desirable. Storage of fluid in foam imposes an
undesirable upper limit on the volume of fluid 40 that can be stored.
Another object is to provide a fluid delivery system of the type described
which operates with a substantially constant nominal backpressure over a
predetermined wide range of temperatures and other environmental conditions
during the operation of the system as it is depleted from full to empty.
Another object is to provide a fluid delivery system of the type described
whose backpressure is less 45  affected by fluid flow rate than those
systems which store ink in foam. Another object is to provide a new and
improved fluid delivery system of the type described which is reliable in
operation and durable and economical in construction and which uses no
mechanically moving parts. The above objects and other advantages and novel
features of this invention have been accomplished 50  by the provision of
an ink jet pen comprising a pen body housing having a primary ink reservoir
section, a secondary ink reservoir and a printhead support section therein.
An ink passageway interconnects all of the above sections for passing ink
from the primary ink reservoir section to both the secondary ink reservoir
section and the printhead support section during an ink jet printing
operation. A porous member is mounted between the ink passageway and both
the secondary ink reservoir section and the printhead support 55  section,
and a printhead member is mounted on the outer surface of the printhead
support section for receiving ink from the porous member during ink jet
printing. Ink passes back and forth between the primary and secondary ink
reservoirs and through the porous member during changes in operating
conditions (temperatures and ambient pressures) to thereby prevent ink from
leaking out of the printhead 



2    EP 0 320 165 B1 orifii. The above brief summary of the present
invention will become better understood in the following detailed
description of the accompanying drawings wherein: Figure 1 is an exploded
isometric view of the ink jet pen according to the present invention. 5
Figure 2 is a cross sectional view taken along lines 2-2 of Figure 1.
Referring now to both Figures 1 and 2, the pen body housing is designated
generally as 10 and includes a main or upper ink reservoir 12 which is
bounded by side walls 14, a top cover plate 16 and a bottom wall 18. The
top wall or cover plate 16 is integrally joined to a top plug member 17,
the whole of which is hermetically sealed to the pen body 10. 10     The
bottom wall 18 of the pen 10 includes an ink flow passageway 22 therein
which is also sometimes referred to herein as the "gate". The ink will pass
through the passageway or gate 22 and then through a chosen porous material
24 before entering into either a secondary reservoir 26 or into a printhead
support section 28 by way of a filter 29 in a manner to be further
described. The secondary or lower reservoir 26 is also sometimes referred
to herein as the "catchbasin", and the printhead support section 28
includes 15 upstanding vertical side walls 30 which extend as shown into
direct contact with the porous material 24. The porous material 24 is
preferably a reticulated cellulose foam, and it is positioned as shown in
Figure 2 so that its right side portion abuts a protruding sill 34. The
sill 34 extends as shown from the bottom surface of the wall member 18 and
into the secondary reservoir or catchbasin 26. This sill 34 somewhat
compresses the adjacent portion of the foam material 24, thereby increasing
its local capillarity. 20 But even greater compression, and hence greater
capillarity, are imparted to the left hand side of the foam 24 by the
filter 29 which also extends into the foam material 24 and is supported by
the vertical walls 30. Without this differential compression from side to
side of the foam 24, air would be drawn through the foam material 24 and
toward the filter 29, and the ink flow path from the gate 22 to the filter
29 would be interrupted. 25     A thin film resistor (TFR) ink jet
printhead 36 is mounted as shown on the external downwardly facing surface
of the pen body housing and is operative to receive ink from the foam
material 24 and through the filter 29. The ink then passes through a
central ink feed passage 38 and to the thin film printhead 36. This
printhead may be one of the many different types generally known in the
art, such as the one described in some detail in the Hewlett-Packard
Journal, Vol. 36, No. 5, May 1985, incorporated herein by reference. 30
Typically, the thin film resistor printhead 36 will have conductive trace
material (not shown) thereon which leads to a plurality of resistive heater
elements and which also extends to outer electrical contact pads on the TFR
substrate. These contact pads in turn are electrically connected to either
a flexible (FLEX) circuit or to a tape automated bond (TAB) circuit (not
shown) of the type which can be conveniently mounted on one of the outer
side wall surfaces of the vertical housing wall 14. Such a TAB circuit
connection may, for 35  example, be of the type disclosed and claimed in
U.S. Patent No. 4,635,073, issued to Gary E. Hanson, assigned to the
present assignee and incorporated herein by reference. The FLEX or TAB
circuit in turn will connect the TFR printhead to additional external
driving circuitry once the pen 10 is inserted in a printer carriage
assembly (not shown). When the printhead 36 fires, it generates a suction
on the ink supply system within the pen body 10. 40 Ink is pulled by this
suction from main supply reservoir 12, out of the gate passageway 22 and
through the foam 24 and filter 29, and then down into the stand pipe
defined by the vertical walls 30 and to the printhead. This action lowers
the pressure within the main ink reservoir 12 which is hermetically sealed
except for the gate 22, and a pressure differential is thus created across
the sill 34 and the adjacent foam 24. When first commencing a printing
operation, air moves from right to left across the sill 34 under the 45
action of the above pressure differential, thereby displacing ink from
capillary spaces which exist between the foam material 24 and the sill 34.
Upon reaching the gate 22, this air collects into bubbles which float up
into the main reservoir 12 and thus partially relieve the below-atmospheric
pressure in the reservoir 12. The growth of each air bubble is very abrupt,
but it is not instantaneous. When the air bubble is small it has little
buoyancy, and surface tension forces hold the bubble onto either the foam
material 24 or the solid 50 material which forms the gate 22. However,
continued bubble growth reverses the relative magnitudes of these forces on
the air bubble, and the bubble  eventually breaks loose from the foam 24
and gate material and floats up into the main ink reservoir 12. In order to
set the backpressure at the printhead 36 within a desired range, one must
clearly understand 



this bubble formation. In particular, the choices of foam material, foam
cleaning processes, local foam 55 compression, gate geometry, gate
material, surface finishes, and ink surface tension will each partially
determine the pen's nominal backpressure. In the preferred embodiment of
this invention, some of these values are set forth in the table below and
represent the presently known best mode for practicing the invention: 3
EP 0 320 165 B1 Table * Foam material                            Kanebo
sponge block, grade T * Foam cleaning                           Compress
and release 20 times in fresh de-ionised water. Repeat twice (60 total
compressions) * Foam compression in felted axis (Felting axis   50% at
filter 32% at gate 0% at catchbasin (right perpendicular to planes of
filter and gate)  hand side of foam) * Gate geometry
Obround slot,3.2mm (0.125 inch) diameter x 9.9mm (0.388 inch) long Gate
material                          ABS Plastic * Gate surface finish
Machined (approximately 3.3 [err] (128 micro-inches, RMS) Ink surface
tension                      0.062 N/m The backpressure at the printhead 36
is substantially the same as the pressure just above the gate 22, except
for the elevation change and minor head losses due to ink flow through the
foam 24 and the filter 29. In addition, the pressure differential across
the sill 34 from the ambient air in the secondary reservoir 26 to the gate
22 remains constant throughout the life of the pen 10. When the printhead
36 stops printing, the air/ink interface adjacent the bottom wall 18
retreats very slightly away from the gate 22 and into the foam. Absent
temperature changes, this interface will remain in this quiescent position
until printing resumes. When the temperature in the main ink reservoir 12
rises (or the ambient pressure falls), ink is forced downwardly out of the
gate 22 by the expanding air which accompanies this temperature rise
(pressure change). When this happens, the present design and construction
of the pen 10 makes it easier for the ink 26  to be pushed out of the low
capillarity right hand side of the foam material 24 than out of the higher
capillarity printhead orifii. At this point, the capillary space between
the foam 24 and the sill 34 is refilled with ink. If the printhead 36
continues to fire during this time, it will take ink at a very low
backpressure from the secondary reservoir 26 until the ink in the secondary
reservoir 26 is exhausted. At this point normal 30  operation of ink flow
from the main ink reservoir 12 and to the printhead 36 resumes. If instead
the operating temperature of the pen is lowered while there is ink in the
catchbasin (or the ambient pressure rises), it is easier for this ink to
return to the main ink reservoir than for air to be pulled across the sill
34 and create air bubbles as previously described. This action is because
there Is no energy -     required to bring the ink in the catchbasin into
the saturated foam, whereas energy is required to create 35  additional air
to ink interface as air crosses the sill and forms bubbles in the ink.
Therefore, the pen 10 returns itself to its normal condition when the
elevated temperature (or pressure) condition passes. Various modifications
may be made to the above described embodiment without departing from the
scope of this invention as defined by the appended claims. For example, the
present invention is not limited to use in ink jet pens and may instead be
used in other fluid delivery systems which have a need to 4o  accommodate
fluctuations in ambient temperature and pressure in the manner described
above. Therefore, for such other diverse fluid delivery systems it may be
necessary to redesign certain portions of the pen and TFR printhead
therefor in order to change drop volumes, drop ejection frequency, and
fluid storage capacity, and accommodate for changes in fluid viscosity and
the like. 45  Claims 1. A fluid delivery system for an ink jet printhead in
which fluid is drawn from a primary reservoir (12) and through an output
orifice plate, comprising a secondary reservoir (26) positioned adjacent
said primary reservoir and a porous fluid transfer member (24) positioned
between said primary and secondary 50     reservoir, between said primary
reservoir and said orifice plate, and between said secondary reservoir and
said orifice plate, characterised in that the system further comprises a
sill (34) extending into said fluid transfer member (24) to increase the
local capillarity thereof to create a pressure differential within said
fluid transfer member, whereby fluid can be drawn into or out of said
secondary reservoir and from 



or to said fluid transfer member, respectively, with changes in temperature
and pressure of the fluid. 55 2. The fluid delivery system defined in claim
1, wherein said primary and secondary reservoirs (12,26) are bounded by a
common wall (18) having an opening therein for passing fluid to said fluid
transfer member (24). 4    1 1111111 111111 111111111111111 EP 0 320 165 B1
*   C   L   M   S   * Table * Foam material
Kanebo sponge block, grade T * Foam cleaning
Compress and release 20 times in fresh de-ionised water. Repeat twice (60
total compressions) * Foam compression in felted axis (Felting axis   50%
at filter 32% at gate. 0% at catchbasin (right perpendicular to planes of
filter and gate)  hand side of foam) * Gate geometry
Obround slot,3.2mm (0.125 inch) diameter x 9.9mm (0.388 inch) long * Gate
material                            ABS Plastic * Gate surface finish
Machined (approximately 3.3 [err] (128 micro-inches, RMS) * Ink surface
tension                      0.062 N/m 15 The backpressure at the printhead
36 is substantially the same as the pressure just above the gate 22, except
for the elevation change and minor head losses due to ink flow through the
foam 24 and the filter 29. In addition, the pressure differential across
the sill 34 from the ambient air in the secondary reservoir 26 to the gate
22 remains constant throughout the life of the pen 10. When the printhead
36 stops printing, the air/ink interface adjacent the bottom wall 18
retreats very slightly away from the gate 22 and into the foam. Absent
temperature changes, this interface will remain in this quiescent position
until printing resumes. When the temperature in the main ink reservoir 12
rises (or the ambient pressure falls), ink is forced downwardly out of the
gate 22 by the expanding air which accompanies this temperature rise
(pressure change). When this happens, the present design and construction
of the pen 10 makes it easier for the ink 25  to be pushed out of the low
capillarity right hand side of the foam material 24 than out of the higher
capillarity printhead orifii. At this point, the capillary space between
the foam 24 and the sill 34 is refilled with ink. If the printhead 36
continues to fire during this time, it will take ink at a very low
backpressure from the secondary reservoir 26 until the ink in the secondary
reservoir 26 is exhausted. At this point normal 30  operation of ink flow
from the main ink reservoir 12 and to the printhead 36 resumes. If instead
the operating temperature of the pen is lowered while there is ink in the
catchbasin (or the ambient pressure rises), it is easier for this ink to
return to the main ink reservoir than for air to be pulled across the sill
34 and create air bubbles as previously described. This action is because
there is no energy required to bring the ink in the catchbasin into the
saturated foam, whereas energy is required to create 35  additional air to
ink interface as air crosses the sill and forms bubbles in the ink.
Therefore, the pen 10 returns itself to its normal condition when the
elevated temperature (or pressure) condition passes. Various modifications
may be made to the above described embodiment without departing from the
scope of this invention as defined by the appended claims. For example, the
present invention is not limited to use in ink jet pens and may instead be
used in other fluid delivery systems which have a need to 40  accommodate
fluctuations in ambient temperature and pressure in the manner described
above. Therefore, for such other diverse fluid delivery systems it may be
necessary to redesign certain portions of the pen and TFR printhead
therefor in order to change drop volumes, drop ejection frequency, and
fluid storage capacity, and accommodate for changes in fluid viscosity and
the like. 45  Claims 1. A fluid delivery system for an ink jet printhead in
which fluid is drawn from a primary reservoir (12) and through an output
orifice plate, comprising a secondary reservoir (26) positioned adjacent
said primary reservoir and a porous fluid transfer member (24) positioned
between said primary and secondary 50     reservoir, between said primary
reservoir and said orifice plate, and between said secondary reservoir and
said orifice plate, characterised in that the system further comprises a
sill (34) extending into said 



fluid transfer member (24) to increase the local capillarity thereof to
create a pressure differential within said fluid transfer member, whereby
fluid can be drawn into or out of said secondary reservoir and from or to
said fluid transfer member, respectively. with changes in temperature and
pressure of the fluid. 55 2. The fluid delivery system defined in claim 1.
wherein said primary and secondary reservoirs (12,26) are bounded by a
common wall (18) having an opening therein for passing fluid to said fluid
transfer member (24). 4    EP 0 320 165 B1
111111111111111111111111111111 3. The fluid delivery system of claim 2,
wherein the sill (34) extends from the common wall (18). 4. The system
defined in any preceding claim wherein said fluid transfer member (24) is a
porous foam material. 5 PatentansprUche 1. FlUssigkeitszuleitungssystem ftr
einen TintenstrahIschreibkopf, bel welchem eine FlUssigkeit aus einem
ersten Behilter (12) herausgesaugt und durch eine DUsenplatte hindurch
abgegeben wird, welches tO     elnen zwelten Behilter (28), der sich in der
Nachbarschaft des ersten Behalters befindet, und ein por6ses
Flissigkeltsilbertragungselement (24), das sich zwischen dem ersten und
zweiten BehAlter, zwischen dem ersten Behalter und der DUsenplatte und
zwischen dem zweiten Behalter und der DUsenplatte befindet, umfalt, dadurch
gekennzeichnet, daD das System welterhin eine Schwelle (34) umfal3t, welche
sich in das FllssigkeitsUbertragungselement (24) hinein erstreckt, um
dessen lokale 15     Kapillarwirkung zu erh6hen, so daB ein Differenzdruck
innerhalb des FlUssigkeitslbertragungselements erzeugt wird, wodurch
FlUssigkeit in den zweiten Behalter hinein oder aus diesem heraus und von
dem FlUssigkeitsUbertragungselement weg bzw. zu diesem hin bei Anderungen
der Temperatur und des Druckes der FlUssigkeit gesaugt werden kann. 20  2.
FlUssigkeitszuleitungssystem nach Anspruch 1, wobel der erste und der
zweite Behdlter (12, 26) durch eine gemeinsame Wand (18) begrenzt sind, die
eine Offnung enthalt, um Fllssigkeit zu dem FlUssig-
keitsUbertragungselement (24) passieren zu lassen. 3.
FlUssigkeitszuleitungssystem nach Anspruch 2, wobei die Schwelle (34) sich
von der gemeinsamen 26     Wand (18) weg erstreckt. 4.
FlUssigkeitszuleitungssystem nach einem der vorrangehenden AnsprUche, wobei
das FlUssigkeitsUber- tragungselement (24) ein por6ses Schaumstoffmaterial
ist. 30  Revendicatlons 1. Systeme debiteur de fluide pour une t8te
d'impression A jet d'encre, dans lequel le fluide est tire d'un reservoir
principal (12) et A travers une plaque A orifices de sortie, comprenant un
reservoir secondaire (26) place adjacent audit reservoir primaire et un
6lement de transfert de fluide poreux (24) plac6 entre 35     ledit
r6servoir principal et ledit reservoir secondaire, entre ledit reservoir
principal et ladite plaque a orifices et entre ledit reservoir secondaire
et ladite plaque A orifices, caract6rise en ce que le systeme comprend en
outre un seuil (34) qui s'enfonce dans ledit element de transfert de fluide
(24) pour accroltre la capillarite locale de ce demier afin de creer une
difference de pression dans ledit element de transfert, de sorte que le
fluide peut etre attlre vers ledit r6servoir secondaire et en provenance de
40     ce reservoir secondaire, ainsi qu'en provenance de l'element de
transfert de fluide et vers cat 6lement, respectivement, en reponse aux
variations de la temperature et de la pression du fluide. 2. Systeme
debiteur de fluide selon la revendication 1, dans lequel lesdits reservoirs
principal et secondaire (12, 26) sont limites par une paroi commune (18)
dans laquelle est formme une ouverture 45     servant A laisser le fluide
passer audit 6l6ment de transfert de fluide (24). 3. SystAme d6biteur de
fluide selon la revendication 2, dans lequel le seuil (34) fait saillie sur
la parol commune (18). 5o  4. Systeme d6fini dans l'une quelconque des
revendications prec6dentes, dans lequel ledit el6ment de transfert de
fluide (24) est une mousse poreuse. 55 5    


