
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
28

6 
74

8
B

1
��&�����������

(11) EP 1 286 748 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
25.01.2006 Bulletin 2006/04

(21) Application number: 01939022.8

(22) Date of filing: 14.05.2001

(51) Int Cl.:
B01D 35/30 (2006.01)

(86) International application number: 
PCT/US2001/015373

(87) International publication number: 
WO 2001/095995 (20.12.2001 Gazette 2001/51)

(54) FILTERS

FILTER

FILTRES

(84) Designated Contracting States: 
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU 
MC NL PT SE TR

(30) Priority: 12.05.2000 US 203948 P
07.07.2000 US 216697 P

(43) Date of publication of application: 
05.03.2003 Bulletin 2003/10

(73) Proprietor: PALL CORPORATION
East Hills, NY 11548-1209 (US)

(72) Inventors:  
• HIRANAGA, Hajime

Tsukuba-gun,
Ibaraki (JP)

• HOSHINO, Tatsuya
Ushiku-shi,
Ibaraki (JP)

(74) Representative: Knott, Stephen Gilbert et al
MATHISEN, MACARA & CO. 
The Coach House 
6-8 Swakeleys Road
Ickenham
Uxbridge UB10 8BZ (GB)

(56) References cited:  
EP-A- 0 811 411 WO-A-96/12547
DE-A- 3 820 675 DE-A- 4 222 136
DE-A- 19 618 166 DE-A- 19 626 196
DE-A- 19 847 998 FR-A- 2 310 501
US-A- 3 591 002 US-A- 4 187 179
US-A- 4 456 529 US-A- 4 599 173
US-A- 4 678 577 US-A- 5 543 047
US-A- 5 620 599 US-A- 5 813 245
US-A- 5 833 847 US-A- 5 891 334



EP 1 286 748 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to filters which
may be used in a wide variety of applications including,
for example, the filtration of a photo-resist liquid.

Background of the Invention

[0002] Many fluids, such as photo-resist liquids used
in the micro-electronics industry, are exceedingly expen-
sive. These liquids must be filtered immediately prior to
being used or impurities in the liquids can damage the
micro-electronic components being fabricated.
[0003] Conventional filters have many problems asso-
ciated with them. For example, many conventional filters
have relatively large volumes within them, e.g., hold up
volumes, which collect and trap the liquid. These hold up
volumes are expensive because the expensive liquid
trapped in the hold up volumes is discarded when the
filter is discarded. Further, many of these filters have
dead zones where the flow of fluid stagnates. When a
liquid such as a photo-resist liquid stagnates it can un-
dergo chemical and/or physical changes which can be
detrimental to the fabrication process. In addition, when
the liquid is first pumped through a filter having large hold
up volumes and dead zones, the amount of time and the
amount of wasted liquid required to fill the hold up vol-
umes and the dead zones before a clean filtered liquid
emerges from the outlet of the filter can be considerable.

Summary of the Invention

[0004] The present invention overcomes many prob-
lems associated with convention filters, including one or
more of the problems previously described.
[0005] In accordance with one aspect of the invention,
a filter comprises a filter cartridge and a housing. The
housing has at least one fitting and defines a chamber,
and the filter cartridge is disposed in the chamber. The
housing further includes a fluid conduit which extends
axially from the fitting along the periphery of the filter car-
tridge chamber. The fluid conduit is isolated from the filter
cartridge chamber along a substantial portion of the
length of the fluid conduit.
[0006] According to the invention, there is provided a
filter comprising a housing, including a bowl, a head at-
tached to the bowl, an inlet , an outlet, and a vent, wherein
the inlet and the outlet define a fluid flow path through
the housing and the vent vents gas from the housing,
and further including a filter cartridge chamber, and a
filter cartridge disposed in the filter cartridge chamber in
the fluid flow path, the filter cartridge including a hollow
filter pack, characterized in that the inlet, the outlet and
the vent are formed in the head at an upper end of the
housing, the filter cartridge includes a pleated filter pack
and a blind end cap disposed at a lower end of the filter

pack, the filter cartridge and the housing are arranged to
define a lower portion of the flow path near the bottom
of the housing and a portion of the flow path between an
interior side wall of the housing and an exterior of the
filter cartridge, an inlet conduit extends axially along a
periphery of the filter cartridge chamber from the inlet to
the lower portion of the flow path and, along at least 50%
of the length of the inlet conduit, is so isolated from the
filter cartridge chamber as to direct fluid from the inlet to
the lower portion of the flow path, through the portion of
the flow path between the interior side wall of the housing
and the exterior of the filter cartridge and along the length
of the filter cartridge to facilitate sweeping gas and bub-
bles from the bottom of the housing towards the vent and
out of the filter.

Description of the Drawings

[0007]

Figure 1 is a front view of a filtration system showing
a manifold and a capsule filter disengaged.
Figure 2 is a side view of the filtration system of Fig-
ure 1.
Figure 3 is a top view of the filtration system of Figure
1.
Figure 4 is a front view of the filtration system of
Figure 1 showing the manifold and the capsule filter
engaged.
Figure 5 is a partially sectioned top view of an alter-
native base assembly of the filtration system of Fig-
ure 1.
Figure 6 is a partially sectioned side view of the base
assembly of Figure 5 and a capsule filter mounted
on the base assembly.
Figure 7 is a partially sectioned top view of an alter-
native base assembly of the filtration system of Fig-
ure 1.
Figure 8 is a side view of an alternative filtration sys-
tem.
Figure 9 is a partially sectioned front view of the fil-
tration system of Figure 8.
Figure 10 is a top view of the filtration system of Fig-
ure 8.
Figure 11 is a rear view of an upper portion of the
filtration system of Figure 8.
Figure 12 is a partially cutaway rear view of an upper
portion of the filtration system of Figure 8.
Figure 13 is a top view of the manifold of the filtration
system of Figure 8.
Figure 14 is a partially cutaway side view of a center-
ing mechanism.
Figure 15 is a sectional side view of an alternative
centering mechanism.
Figure 16 is a partially cutaway top view of a portion
of the centering mechanism of Figure 15.
Figure 17 is a front view of a filtration system having
an alternative disengagement mechanism showing
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a manifold and a capsule filter disengaged.
Figure 18 is a front view of the filtration system of
Figure 17 showing the manifold and the capsule filter
engaged.
Figure 19 is a side view of the capsule filter.
Figure 20 is a rear view of the capsule filter of Figure
19.
Figure 21 is a top view of the capsule filter of Figure
19.
Figure 22 is a sectional side view of the capsule filter
of Figure 19.
Figure 23 is a side view of a filter cartridge of the
capsule filter of Figure 22.
Figure 24 is a sectional side view of an alternative
bowl of a capsule filter.
Figure 25 is a top view of the bowl of Figure 24.
Figure 26 is a sectional side view of an alternative
bowl.
Figure 27 is a top view of the bowl of Figure 26.
Figure 28 is a sectional side view of an alternative
capsule filter.
Figure 29 is a sectional side view of an alternative
capsule filter.
Figure 30 is a sectional side view of an alternative
capsule filter.
Figure 31 is a sectional side view of an alternative
capsule filter for use with the filtration system of Fig-
ure 8.
Figure 32 is a top view of the capsule filter of Figure
31.
Figure 33 is a top view of an alternative capsule filter.
Figure 34 is a test system.
Figure 35 is a first filter used in the test system of
Figure 34.
Figure 36 is a bowl used for the first filter of Figure 35.
Figure 37 is a second filter used in the test system
of Figure 34.
Figure 38 is a bowl used for the second filter of Figure
37.
Figure 39 is a third filter used in the test system of
Figure 34.
Figure 40 is a graph of raw data.
Figure 41 shows trends for the dispense weight [W,
W’] as a function of the shot number for the first filter.
Figure 42 shows trends for the dispense weight [W,
W’] as a function of shot number for the third filter.
Figure 43 shows differences of dispense weight [W,
W’] between the dispense weights [W(n), W’(n’)] and
weights at each saturation point [W1, W2] as a func-
tion of shot number for the first filter.
Figure 44 shows differences of dispense weight [W,
W’] between the dispense weights [W(n), W’(n’)] and
weights at each saturation point [W1, W2] as a func-
tion of shot number for the second filter.
Figure 45 shows differences of dispense weight [W,
W’] between the dispense weights [W(n), W’(n’)] and
weights at each saturation point [W1, W2] as a func-
tion of shot number for the third filter.

Figure 46 shows another test system.
Figure 47 shows the bubble and particle counts on
the downstream side of test filters in the test system
of Figure 46.

Description of Embodiments

[0008] One example of a filtration system 10 is shown
in Figures 1-4. The filtration system 10 generally com-
prises a loading/unloading equipment, e.g., a carriage
11, and further comprises a manifold 12 and a filter, such
as a capsule filter 13, embodying the invention. The cap-
sule filter includes a filter medium, and the manifold 12
and the capsule filter 13 may include mating fittings 14,
15, e.g., inlet fittings 14a, 15a, outlet fittings 14b, 15b,
and vent fittings 14c, 15c. The carriage 11 supports the
capsule filter 13 and is cooperatively arranged with the
manifold 12 to mount the capsule filter 13 to the manifold
12 and engage the fittings 15 of the capsule filter 13 with
the respective fittings 14 of the manifold 12. For example,
a mounting mechanism 16 may be arranged between
the carriage 11 and the manifold 12 to move the capsule
filter 13, e.g., longitudinally, between a disengaged po-
sition, as shown in Figures 1 and 2, and an engaged
position, as shown in Figure 4. In the disengaged posi-
tion, the capsule filter 13 may rest in the carriage 11 and
may be spaced from the manifold 12. In the engaged
position, the capsule filter 13 engages the manifold 12,
and the fittings 14, 15 of the manifold 12 and the capsule
filter 13 are sealed to one another.
[0009] With the fittings 14, 15 engaged, a pump 17,
which may be fluidly coupled and even directly attached
to the manifold 12, pumps fluid, e.g., a liquid such as a
liquid photo resist, into an inlet conduit in the manifold
12, through the inlet fittings 14a, 15a, and into the capsule
filter 13. Gases, such as air contained in the capsule filter
13 or gas bubbles entrained in the liquid, may be vented
from the capsule filter 13 via the vent fittings 14c, 15c
and a vent conduit 20 of the manifold 12. Filtered liquid
is forced by the pump through the filter medium of the
capsule filter 13 and out of the capsule filter 13 via the
outlet fittings 14b, 15b and an outlet conduit 21 of the
manifold 12.
[0010] Once the filter medium of the capsule filter 13
becomes sufficiently fouled, the pump 17 may be deac-
tivated and the carriage 11 may be moved, e.g., lowered,
by the mounting mechanism 16 to the disengaged posi-
tion. A disengagement mechanism 22 may be coupled
between the capsule filter 13 and the carriage 11 and/or
the manifold 12 to disengage the fittings 15 of the filter
capsule 13 from the fittings 14 of the manifold 12 as the
carriage 11 is lowered. Alternatively, the capsule filter 13
may be disengaged from the manifold 12 manually. The
old capsule filter 13 may then be replaced with a new
capsule filter 13; the carriage 11 may be moved, e.g.,
raised, by the mounting mechanism 16 to the engaged
position engaging the new capsule 13 with the manifold
12; and the pump 17 may then be reactivated.
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[0011] The carriage 11 may be configured in a wide
variety of ways. In may preferred embodiments, the car-
riage 11 may be arranged to move the capsule filter 13,
both into and out of engagement with the manifold 12, in
a direction parallel to the axes of the engaged fittings 14,
15. More preferably the carriage 11 moves the capsule
filter 13 in a direction parallel to the axes of the engaged
fittings 14, 15 along most of, even more preferably, sub-
stantially all of, the distance that the capsule filter 13 trav-
els on the carriage 11. This reduces stress on the fittings
14, 15 and enhances the amount of contact and the seal
between the fittings.
[0012] In one example, shown in Figures 1 and 2, the
carriage 11 may include a base assembly 23, a top as-
sembly 24, and first and second preferably identical side
assemblies 25 which extend between the top assembly
24 and the base assembly 23. The base, top, and side
assemblies may each comprise any of a wide array of
suitable structures, including multi-piece structures.
However, in many preferred embodiments, the base as-
sembly 23 comprises a base 26, such as a base plate,
which supports the capsule filter 13 and on which the
capsule filter 13 rests. Further, the side assemblies 25
each comprise side plates 30 which are connected to the
base 26. The side plates 30 preferably extend parallel to
each other closely along the exterior of the sides of the
manifold 12 to the top assembly 24. The manifold 12 may
include guide channels 29 within which the side plates
30 slide, e.g., upwardly and downwardly, as the carriage
11 moves between the disengaged and engaged posi-
tions. Alternatively, the manifold may include pins or roll-
ers which engage slots or tracks on the side plates. In
addition, the top assembly 24 comprises a top plate 31
which is connected to the side plates 30 and extends
along the top of the manifold 12. The carriage 11 thus
surrounds the exterior of the manifold 12 and is preferably
accessible for maintenance without having to disturb the
manifold 12, e.g., dismantle the manifold 12 from the
pump 17.
[0013] As another example, the carriage may com-
prise a base assembly and opposite side assemblies
without a top assembly. The carriage may then be oper-
atively associated with the manifold in any suitable man-
ner, for example, by connecting the side assemblies of
the carriage to the sides or the bottom of the manifold
via a mounting mechanism. As yet another example, the
carriage may be operatively associated with a structure
other than the manifold. For example, when the manifold
is attached to a pump, the carriage may also be coupled
to the pump, rather than the manifold, and arranged to
move the capsule filter between engagement and disen-
gagement with the manifold.
[0014] In many preferred embodiments, the base plate
and the side plates comprise a generally U-shaped as-
sembly adapted to support the capsule filter, and the car-
riage thus comprises a compact, highly space efficient
structure for supporting the capsule filter. For example,
the carriage and the capsule filter may be installed in a

space having a relatively small width, e.g., a width of
about 60 millimeters or less, compared to a width of about
140 millimeters or more required for many conventional
filter mounting mechanisms. The capsule filter 13 can
thus be mounted and dismounted within a 60-millime-
ter-wide front area. Especially when combined with a 60
millimeter-wide pump, the filtration system provides a dis-
pensing system that has a high space utilization efficien-
cy but is nonetheless easily accessible and therefore
easy to use and maintain.
[0015] In the disengaged position, the carriage prefer-
ably supports the filter capsule on the base assembly.
The filtration system may also include a positioning
mechanism which allows the capsule filter to be posi-
tioned and oriented on the base assembly with the fittings
of the capsule filter at least roughly aligned with the fit-
tings of the manifold. The positioning mechanism may
be operatively associated with the carriage and/or the
capsule filter and may take a variety of forms. In the em-
bodiment of Figures 1-4, the positioning mechanism 32
is cooperatively arranged with the base 26 and may in-
clude a rear wall 33 which limits the rearward movement
of the capsule filter 13. The rear wall may extend from
the base assembly or from one or both of the side as-
semblies. Further, the positioning mechanism 32 may
include an opening such as an elongated slot 34 which
extends within the base 26 from the front edge and a
corresponding elongated tab or protrusion 35 which ex-
tends from the bottom of the capsule filter 13. The slot
34 and the protrusion 35 may be dimensioned to limit the
rearward movement of the capsule filter 13 on the base
26 and/or to angularly orient the capsule filter 13 on the
base 26 with the fittings 15, 14 at least roughly aligned
with one another. With the capsule filter 13 positioned on
the base 26, the capsule filter 13 may slide rearwardly
along the base 26 with the protrusion 35 sliding within
the slot 34. The close proximity of the sides of the slot
34 and the sides of the protrusion 35 maintain the capsule
filter 13 at a desired angular orientation with respect to
the manifold 12. Once the backside of the capsule filter
13 contacts the rear wall 33 and/or the backside of the
protrusion 35 contacts the backside of the slot 34, the
axes of the fittings 14, 15 are at least roughly aligned
axially. The capsule filter 13 may then be mounted to the
manifold 12 without damaging the fittings 14, 15 due to
misalignment.
[0016] The positioning mechanism is not limited to the
embodiment shown in Figures 1-4. For example, as
shown in Figures 5 and 6, the rear wall may be eliminated
and the positioning mechanism may comprise openings
such as one or more holes 36 in the base 26 and one or
more corresponding protrusions 37 extending from the
bottom of the capsule filter 13. The capsule filter 13 is
positioned on the base 26 with the protrusions 37 of the
capsule filter 13 disposed in the holes 36 of the base 26.
The protrusions 37 and the holes 36 are dimensioned
and located on the capsule filter 13 and the base 26,
respectively, such that when the protrusions 37 are dis-
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posed in the holes 36, the fittings 14, 15 of the manifold
12 and the capsule filter 13 are at least roughly aligned
axially. The embodiment shown in Figures 5 and 6 has
two holes 36 and two protrusions 37. However, the po-
sitioning mechanism may comprise more than two holes
and protrusions, e.g., three holes and protrusions spaced
from one another in a triangular configuration, or only
one hole and protrusion, e.g., an elongated hole 28 (and
a corresponding protrusion) as shown in Figure 7. Fur-
ther, while the positioning mechanisms of the illustrated
embodiments have been associated with the base as-
sembly, the positioning mechanism may be associated
with the carriage in other ways, e.g., with the side as-
semblies.
[0017] Once the capsule filter 13 is positioned on the
carriage 11, the carriage 11 is moved from the disen-
gaged position toward the engaged position by the
mounting mechanism. The mounting mechanism may al-
so take a variety of forms, and one example of a mounting
mechanism 16 is shown in Figures 1-4. The mounting
mechanism 16 is preferably cooperatively arranged be-
tween the carriage 11 and the manifold 12 and in some
embodiments may comprise a threaded arrangement in-
cluding a threaded stud 40 and a mating nut 41, which
may be part of a knob 42. The threaded stud 40 may
have trapezoidal threads and is preferably fixedly mount-
ed to the top of the manifold 12 extending toward the top
assembly 24 of the carriage 11. The nut 41 is correspond-
ingly threaded and is preferably rotatably mounted to the
top assembly 24, e.g., the top plate 31, to receive the
stud 41 in threaded engagement. As the knob 42 is ro-
tated in one direction, the nut 41 moves axially in one
direction along the stud 40, e.g., away from the manifold
12, and, in turn, moves the base 26 of the carriage 11
from the disengaged position toward the manifold 12 and
the engaged position, where the fittings 15 of the capsule
filter 13 engage the fittings 14 of the manifold 12. As the
knob 42 is turned in the opposite direction, the nut 41
moves axially in the opposite direction along the stud 40
(e.g., toward the manifold 12) and, in turn, moves the
base 26 of the carriage 11 back toward the disengaged
position. The threads may be arranged to provide a quick
release of the capsule filter 13 from the manifold 12. For
example, the threads may be arranged such that turning
the knob 42 in the range from about 90 degrees to about
360 degrees may be enough to release the capsule filter
13 from the manifold 12.
[0018] Another example of a mounting mechanism 16
is shown in Figures 8-13. (Components of the embodi-
ment shown in Figures 8-13 have the same reference
numbers as the analogous components of the embodi-
ments shown in Figures 1-7.) The mounting mechanism
16 shown in Figures 8-13 is preferably cooperatively ar-
ranged between the carriage 11 and the manifold 12 and
may comprise a pivotable lever arrangement including a
lever 51 which is pivotable about a pivot axis 52. The
lever may be coupled between the manifold and the car-
riage in a variety of ways. For example, the lever 51 may

be pivotably mounted by pivot pins 53 to a bracket 54
which, in turn, is mounted to the top of the manifold 12.
Alternatively, the lever 51 may be mounted to brackets
on the sides of the manifold. The lever 51 may also be
mounted to the carriage 11 in a variety of ways, e.g., to
the side assemblies 25. The lever 51 is preferably ar-
ranged to lift the carriage 11 from the disengaged position
toward the engaged position as the lever 51 is lifted and
to lower the carriage 11 from the engaged position toward
the disengaged position as the lever 51 is lowered. The
mounting mechanism 16 may also include a spring ar-
rangement 55 for biasing the lever 51 toward a lifted
and/or lowered position, maintaining the carriage 11 in
the engaged and/or disengaged position.
[0019] As the carriage 11 is moved toward the manifold
12 from the disengaged position to the engaged position,
the fittings 15 of the capsule filter 13 approach the fittings
14 of the manifold 12. The fittings 14,15 may be at least
roughly aligned by the positioning mechanism. However,
to more closely align the fittings 14, 15, the filtration sys-
tem 10 may include a centering mechanism which closely
aligns the axes of the fittings 14, 15 as they engage one
another. The centering mechanism may be configured
in a wide variety of ways. For example, the centering
mechanism 80 may comprise one or, preferably, a plu-
rality of centering protrusions, e.g., centering pins 81,
which fit into corresponding centering apertures 82 as
the fittings 14, 15 engage each other. As shown in Figure
14, the centering pins 81 may extend upwardly from the
capsule filter 13, e.g., the top of the capsule filter 13, and
the corresponding centering apertures 82 may be dis-
posed in the manifold 12, e.g., the bottom of the manifold
12. Alternatively, as shown in Figures 15 and 16, the
centering pins 81 may extend from the bottom of the man-
ifold 12 and the centering apertures 82 may be disposed
in the top of the capsule filter 13.
[0020] The centering mechanism 80 is preferably lo-
cated and dimensioned to ensure that the fittings 14, 15
are closely axially aligned as they sealingly contact one
another. For example, the centering pins 81 and aper-
tures 82 may have relatively close tolerances and may
be arranged to closely engage one another before the
fittings 14, 15 fully contact and are completely sealed to
one another. With the centering pins 81 closely engaged
with the centering apertures 82, the fittings 14 of the man-
ifold 12 may be moved into full sealing contact with the
fittings 15 of the capsule filter 13. The centering mecha-
nism 80 thus prevents incomplete sealing and/or damage
to the fittings 14, 15 due to misalignment. The centering
mechanism 80 may also serve as a stop, limiting the ad-
vance of the fittings 14, 15 within each other and pre-
venting over compression. Alternatively, stops may be
provided elsewhere on the manifold and the capsule filter
and/or the carriage.
[0021] As the carriage 11 is moved away from the man-
ifold 12 from the engaged position to the disengaged po-
sition, the fittings 15 of the capsule filter 13 may be dis-
engaged from the fittings 14 of the manifold 12. In some
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embodiments, the fittings 14, 15 of the manifold and the
capsule filter 13 may remain engaged as the carriage 11
is moved to the disengaged position, the base assembly
23 of the carriage 11 moving away from the bottom of
the capsule filter 13 as the carriage 11 moves to the dis-
engaged position. The capsule filter 13 may then be re-
moved from the manifold 12, e.g., by manually disengag-
ing the fittings 15 of the capsule filter from the fittings 14
of the manifold 12.
[0022] Alternatively, the filtration system 10 may fur-
ther comprise a disengagement mechanism which is op-
eratively associated with the capsule filter 13 and auto-
matically disengages the fittings 15 of the capsule filter
13 from the fittings 14 of the manifold 12 as the carriage
11 moves toward the disengaged position. The disen-
gagement mechanism may be configured in a variety of
ways. For example, the disengagement mechanism may
be cooperatively arranged between the capsule filter 13
and the manifold 12. One example of such a disengage-
ment mechanism 22 is shown in Figures 15 and 16 and
comprises one or more springs 86 disposed between the
capsule filter 13 and the manifold 12. The springs may
be positioned in a variety of suitable locations between
the capsule filter and the manifold. In the illustrated em-
bodiment, a spring 86 is disposed around each centering
pin 81. The springs 86 are compressed around the
centering pins 81 as the carriage 11 is lifted to the en-
gaged position by the mounting mechanism 16 and the
fittings 15 of the capsule filter 13 are lifted into sealing
contact with the fittings 14 of the manifold 12. As the
carriage 11 is lowered to the disengaged position by the
mounting mechanism 16, the springs 86 expand and au-
tomatically disengage the fittings 14, 15. The centering
mechanism 80 also helps to maintain axial alignment of
the fittings 14, 15 as the fittings 14, 15 are disengaged
by the disengagement mechanism 22. The capsule filter
13 remains on the base assembly 23 of the carriage 11
as the carriage 11 is moved to the disengaged position
[0023] In other embodiments, the disengagement
mechanism may be cooperatively arranged between the
capsule filter 13 and the carriage 11. One example of
such a disengagement mechanism 22 is shown in Fig-
ures 1 and 4 and comprises one or more push rods 91
disposed between the carriage 11 and the capsule filter
13. The push rods may be positioned in a variety of suit-
able locations between the capsule filter and the carriage.
In the illustrated embodiment, the push rods 91 are dis-
posed in through holes 92 in the manifold 12 between
the top of the capsule filter 13 and the top assembly 24
of the carriage 11. The push rods 91 may be lifted along
with the capsule filter 13 and the carriage 11 as the car-
riage 11 is moved to the engaged position by the mount-
ing mechanism 16. As the carriage 11 is lowered to the
disengaged position by the mounting mechanism 16, the
top assembly 24 of the carriage 11 may bear against the
push rods 91. The push rods 91, in turn, bear against the
top of the capsule filter 13, forcing the capsule filter 13
away from the manifold 12 and automatically disengag-

ing the fittings 14, 15. The capsule filter 13 remains on
the base assembly 23 of the carriage 11 as the carriage
11 is moved to the disengaged position.
[0024] Another example of a disengagement mecha-
nism 22 cooperatively arranged between the carriage 11
and the capsule filter 13 is shown in Figures 17 and 18.
(Components of the embodiment shown in Figures 17
and 18 have the same reference numbers as the analo-
gous components of the embodiment shown in Figures
1-4.) The disengagement mechanism 22 generally com-
prises a fitment which physically couples the capsule filter
13 and the carriage 11 as the carriage 11 moves between
the engaged position and the disengaged position. The
fitment may be structured in a wide variety of ways. In
the illustrated embodiment the fitment 96 comprises the
engagement of the base assembly 23 of the carriage 11
with the capsule filter 13, e.g., with a flange 97 extending
from the protrusion 35 in the bottom of the capsule filter
13 past the edges of the slot 34 in the base 26. As the
carriage 11 is lowered to the disengaged position by the
mounting mechanism 16, the base 26 of the carriage 11
bears against the flange 97 of the capsule filter 13, forcing
the capsule filter 13 away from the manifold 12 and au-
tomatically disengaging the fitting 15 of the capsule filter
13 from the fittings 14 of the manifold 12. The capsule
filter 13 remains on the base assembly 23 of the carriage
as the carriage 11 is moved to the disengaged position.
[0025] Another example of a fitment is a flange which
extends from each side assembly of the carriage over
the top of the capsule filter. As the carriage is lowered
by the mounting mechanism, the flanges of the side as-
semblies may bear against the top of the capsule filter,
automatically disengaging the capsule filter from the
manifold.
[0026] The manifold 12 may also be configured in a
wide variety of ways. For example, the manifold may have
any regular or irregular shape. As shown in Figures 1-4,
the manifold 12 may have a box-shaped configuration
including a front 100, a back 101, a top 102, a bottom
103 and opposite sides 104, 105. The manifold 12 may
further include one or more conduits for transporting fluid
to and/or from the capsule filter. Each of the conduits is
preferably configured to reduce hold up volume and to
avoid dead volumes or zones where the fluid can stag-
nate.
[0027] In many preferred embodiments, the manifold
12 is fluidly coupled to a pump 17. For example, the man-
ifold 12 may be directly attached to the pump 17, e.g.,
along the back 101 of the manifold 12. The outlet of the
pump 17 may be connected to an inlet conduit of the
manifold 12 which extends through the manifold 12 and
fluidly communicates, in turn, with the inlet fittings 14a,
15a of the manifold 12 and the capsule filter 13. Alterna-
tively, the inlet conduit may be at least partially external
to the manifold, e.g., extending externally from the pump
to the manifold and hence to the inlet fittings. The man-
ifold 12 may also include an outlet conduit 21 which fluidly
communicates between the outlet fittings 14b, 15b and
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any other appropriate component of the fluid system
downstream of the manifold 12. In the illustrated embod-
iment, the outlet conduit 21 may extend from the outlet
fittings 14b, 15b through the manifold 12 to the front 100
of the manifold 12. However, the outlet conduit may ex-
tend from any portion of the manifold, including the top
of the manifold. The manifold 12 may further include a
vent conduit 20 which fluidly communicates between the
vent fittings 14c, 15c and any appropriate reservoir for
the vented gas. Again in the illustrated embodiment, the
vent conduit 20 may extend from the vent fitting 14c, 15c
through the manifold 12 to the front 100 of the manifold
12. However, the vent conduit may extend from any por-
tion of the manifold, including the top of the manifold. In
some embodiments, the vent conduit, as well as the vent
fittings, may be eliminated entirely.
[0028] The number and configuration of the fittings 14
of the manifold 12, as well as the fittings 15 of the capsule
filter 13, may be widely varied. In many embodiments the
manifold 12 has three fittings 14a, 14b, 14c. However, a
manifold may have more than three fittings or fewer than
three fittings. For example, where a vent is not preferred
or where the inlet to the capsule filter or the outlet from
the capsule filter is not directed through the manifold, the
manifold may have two fittings or only a single fitting.
[0029] The fittings 14 of the manifold 12, as well as the
fittings 15 of the filter cartridge 13, may be structured in
a variety of ways. For example, the fittings may be ar-
ranged in any regular or irregular pattern, such as a tri-
angular pattern. Preferably, the fittings 14, 15 are gen-
erally aligned. Further, the spacing between the fittings,
or the pattern of the fittings, may be symmetric but is
preferably not symmetric. For example, as shown in Fig-
ure 2, the distance between the vent fittings 14c, 15c and
the outlet fittings 14b, 15b may be less than the distance
between the outlet fittings 14b, 15b and the inlet fittings
14a, 15a. A unsymmetric spacing or pattern helps to pre-
vent the capsule filter from being installed "backwards"
on the manifold.
[0030] The fittings may be structured in various ways.
For example, each of the fittings may comprise a nozzle
or a port or receptacle which receives a nozzle. Some of
the fittings on the manifold, or the capsule filter, may com-
prise nozzles while others comprise receptacles, or all
of the fittings on the manifold may comprise nozzles or
receptacles. In the illustrated embodiment, the fittings
14a, 14b, 14c of the manifold 12 all preferably comprise
nozzles 110 and the fittings 15a, 15b, 15c of the capsule
filter 13 all preferably comprise corresponding recepta-
cles 111 which receive the nozzles 110 of the manifold
12.
[0031] Filters embodying the invention be configured
in a variety of ways. One example of a filter embodying
the invention is a capsule filter such as the capsule filter
13 shown in Figures 19-23. The capsule filter 13 generally
comprises a housing 160 and a filter cartridge 161 re-
movably or, preferably, permanently disposed in the
housing 160.

[0032] The housing 160 may comprise a single piece
structure but may be formed from any suitably impervious
material, e.g., a metal or a polymeric material, and may
have any desired shape, e.g., a generally cylindrical
shape. In many preferred embodiments, the shape of the
housing corresponds to the shape of the filter cartridge.
[0033] The housing 160 preferably comprises a mul-
ti-piece structure. For example, the housing 160 may in-
clude a bowl 162 and a head 163 removably or, prefer-
ably, permanently attached to the bowl 162. The bowl
162 may include a side wall and a bottom wall. A handle
159 may extend outwardly from the side wall of the bowl
162 and may be used to position the capsule filter 13 on
the base assembly of the carriage with the protrusion 35
on the bottom of the capsule filter 13 engaged in the slot
in the base.
[0034] The housing 160 has an inlet fitting 15a, an out-
let fitting 15b, and a vent fitting 15c. The inlet fitting 15a
and the outlet fitting 15b define a fluid flow path through
the housing 160. The fittings may be variously config-
ured, e.g., as nozzles. In the embodiment illustrated in
Figures 19-22, the fittings each comprise receptacles.
Preferably, all of the fittings 15a, 15b, 15c are disposed
in the head 163 on the top of the capsule filter 13.
[0035] The housing 160 preferably contains the filter
cartridge 161 within a filter cartridge chamber in the fluid
flow path. The filter cartridge preferably includes a filter
element 170 having a filter medium, as shown in Figure
23. In many preferred embodiments, the filter medium
may comprise a permeable sheet, e.g., a porous woven
or non-woven sheet of fibers, including filaments, or a
permeable or porous, supported or unsupported poly-
meric membrane, and the filter element 170 may have a
cylindrical, hollow pleated configuration. The filter medi-
um may be the sole layer of the pleated filter element
170 but is preferably one of two or more layers of a pleat-
ed composite further including, for example, one or more
drainage layers, pre-filter layers, additional filter layers,
substrates, and/or cushioning layers. The pleats of the
filter element may extend radially or, preferably, non-ra-
dially, as disclosed, for example, in USP 5,543,047 which
is incorporated by reference. As disclosed in USP
5,543,047 non-radially extending pleats each have a
height greater than (D-d)/2 and less than or equal to
(D2-d2)/[4(d + 2t)] where D and d are the outside and
inside diameters, respectively, of the pleated filter ele-
ment at the crests and roots of the pleat and t is the
thickness of a pleat leg. Preferably, the height of each
pleat is in the range from about 70% or 80% to about
100% of (D2-d2)/[4(d + 2t)]. The non-radial pleats may
be preferred because there is little or no space between
the pleats, minimizing hold up volume and dead zones.
[0036] The hollow filter element 170 is preferably dis-
posed between a cage 171 and a core 172. The ends of
the filter element 170, the cage 171 and the core 172
may be sealed to end caps 173, 174, e.g., a blind end
cap 173 and an open end cap 174. The open end cap
174 has an opening 175 which fluidly communicates with
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the interior of the hollow filter element 170. The open end
cap may be sealed or attached to the housing with the
opening in the open end cap, in turn, fluidly communicat-
ing with a fitting. For example, in the embodiment shown
in Figures 19-23, the open end cap 174 may be bonded
to the head 163 with the outlet fitting 15b preferably fluidly
communicating with the interior of the filter element 170
via the opening 175 in the open end cap 174. The inlet
fitting 15a preferably fluidly communicates with the exte-
rior of the filter cartridge 161. Flow may then be directed
outside in through the filter cartridge 161. Alternatively,
the inlet fitting and the outlet fitting may be arranged to
fluidly communicate with the interior and the exterior, re-
spectively, of the filter cartridge, and flow may be directed
inside out through the filter cartridge.
[0037] While the filter cartridge has been described in
terms of a hollow filter element 170 having a pleated filter
medium, a cage 171, a core 172 and end caps 173, 174,
the filter cartridge is not limited to this embodiment. Nu-
merous alternative filter cartridges are suitable. For ex-
ample, the cage and/or the core may be eliminated. Fur-
ther, one end cap may be eliminated, and an end of the
filter element may be bonded directly to the top of the
housing.
[0038] Regardless of the configuration of the filter car-
tridge, the interior of the housing is preferably fitted to
the filter cartridge to minimize hold up volume and dead
zones and to enhance fluid flow distribution and rise time
within the housing. For example, as shown in Figure 22,
the interior side wall of the bowl 160 and the exterior of
the filter cartridge 161 may be similarly shaped, and the
bowl 160 preferably fits closely completely around the
filter cartridge 161, defining an annular fluid flow distri-
bution channel between the interior of the bowl 160 and
the exterior of the filter cartridge 161. The annular chan-
nel is preferably dimensioned to reduce hold up volume
and to allow a sweep of fluid flow around and/or axially
along the filter cartridge without undue pressure drop be-
tween the inlet and outlet fittings. The desired dimensions
of the annular channel may be determined empirically
based on such factors as, for example, the viscosity of
the fluid, the desired flow rates and pressure drop limits
and the area of the inlet or outlet, e.g., the inlet fitting or
the outlet fitting. For many embodiments, the axial cross
sectional area of the annular channel may preferably be
on the order of, e.g., approximately equal to, the area of
the inlet nozzle.
[0039] Further, the interior bottom wall of the bowl 160
and the bottom of the filter cartridge 161 may also be
similarly shaped and closely fitted to one another. The
bottom of the filter cartridge may completely contact and
may be attached to the bottom wall of the bowl, eliminat-
ing any space between them. However, in many pre-
ferred embodiments, the bottom of the filter cartridge is
fitted to the bottom of the housing with one or more lower
flow channels extending between them and communi-
cating with the bottom of the annular flow channel. For
example, the bottom of the filter cartridge, e.g., the bottom

of the lower end cap, and/or the interior bottom wall of
the housing may have one or more radially extending
ribs or spokes. The filter cartridge and the housing may
contact one another along the ribs and define the lower
channels between them. Further, the interior bottom wall
of the housing and/or the bottom of the filter cartridge
preferably have a surface which is inclined upwardly to
decrease the rise time of bubbles from the bottom of the
filter. For example, the lower flow channels may incline
upwardly toward the annular channel preferably at an
angle of bout 15° or less, e.g., about 10° or less. The
lower channels are preferably dimensioned to reduce
hold up volume, to allow a sweep of fluid flow between
the filter cartridge and the bottom of the housing without
undue pressure drop between the inlet and outlet fittings,
and/or to facilitate clearance of bubbles from the bottom
of the filter. Again, the desired dimensions, including the
degree of incline, of the lower channels may be deter-
mined empirically based factors such as fluid viscosity,
desired flow rates, pressure drop limits and inlet/outlet
areas.
[0040] The interior wall of the head 163 may fit closely
to the top of the filter cartridge away from the vent fitting
15c but is preferably at least slightly spaced from the top
of the filter cartridge 161 in the vicinity of the vent fitting
15c, allowing gases to rise from the annular flow distri-
bution chamber and over the top of the filter cartridge
161 toward the vent fitting 15c. Preferably, the space
between the interior wall of the head 163 and the top of
the filter cartridge 161, e.g., the top of the upper end cap,
increases continuously from a location most distant from
the vent fitting 15c to the vent fitting 15c. Nonetheless,
while the space between the interior wall of the head 163
and the top of the filter cartridge 161 is preferably suffi-
cient to vent gas from the capsule filter 13, it is also pref-
erably small enough to avoid excessive hold up volume.
[0041] The housing may comprise a fluid conduit, e.g.,
a fluid inlet conduit, which extends from one of the fittings
axially along the periphery of the filter cartridge chamber
and is isolated from the filter cartridge chamber along a
substantial length of the conduit, e.g., at least about 50
percent of the length of the conduit. For example, the
fluid conduit may be disposed in the bowl, or adjacent to
the bowl, and radially beyond the filter cartridge chamber.
Preferably, the fluid conduit extends from a fitting at the
top of the housing and opens into the filter cartridge
chamber, e.g., the annular flow distribution channel, at
the bottom of the housing. As shown in Figure 22, the
fluid conduit 164 may comprise an inlet conduit extending
axially along the periphery of the filter cartridge chamber
from the inlet fitting 15a at the top of the housing 160
through the head 163 and the bowl 162 to the bottom of
the housing 160. The inlet conduit 164 preferably com-
municates with the annular fluid flow distribution channel
and the filter cartridge chamber only at the bottom of the
housing 160 and, therefore, is isolated from the filter car-
tridge chamber for at least about 70 percent, more pref-
erably at least about 80 percent or at least about 90 per-
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cent, of the length of the conduit 164.
[0042] The housing may also preferably comprise a
radial passage through the side wall and/or more prefer-
ably in the interior bottom wall of the housing which ex-
tends from the side wall of the bowl 162 and fluidly com-
municates with the axial fluid conduit. The radial passage
may extend along the lower end cap or along the bottom
wall of the housing or along both, e.g., between the lower
end cap and the bottom wall. For example, the radial
passage may extend from the bottom of the fluid conduit,
under the filter cartridge, e.g., under the lower end cap.
The radial passage may extend completely under the
filter cartridge but preferably extends only part way under
the filter cartridge. As shown in Figure 22, the radial pas-
sage 165 extends from the bottom of the fluid conduit
164 under the filter cartridge 161, terminating near the
center of the filter cartridge chamber of the housing 160.
The radial passage 165 may have a uniform cross section
or a tapered cross section, e.g., the cross section may
decrease with increasing distance from the side wall of
the bowl 162. The radial passage 165 may feed fluid to,
or receive fluid from, the lower flow channels between
the bottom of the filter cartridge 161 and the bottom wall
of the bowl 162 and may fluidly communicate between
the lower flow channels and the axial fluid conduit. Alter-
natively, the radial passage may be eliminated, e.g.,
where there are no lower flow channels between the bot-
tom of the filter cartridge and the bottom wall of the bowl.
[0043] Further, in many preferred embodiments the fil-
ter cartridge may comprise a keying mechanism coop-
eratively arranged between the housing and the filter car-
tridge to center the filter cartridge in the filter cartridge
chamber of the housing and provide a uniform annular
flow channel. The keying mechanism may have any of
numerous suitable structures. For example, the keying
mechanism may comprise one or more centering pins
and mating centering apertures on the housing and the
filter cartridge similar to the centering mechanism 80 pre-
viously described.
[0044] More preferably, one or both of the end caps,
e.g., the lower end cap and the corresponding wall of the
housing may have mating shapes which center the filter
cartridge in the filter cartridge chamber as the filter car-
tridge is mounted within the housing. The shapes may,
for example, comprise curved or tapered configurations,
e.g., a partially spherical, elliptical or conical configura-
tion, on one or both end caps and the corresponding wall
of the housing. As shown in Figure 22, the lower end cap
173 may have a generally conical configuration which
mates with a conical configuration in the interior bottom
wall of the bowl 162 of the housing 160. The configura-
tions are located and shaped to center the filter cartridge
161 in the filter cartridge chamber. Thus, as the filter car-
tridge 161 is mounted within the bowl 162 with the con-
figuration of the lower end cap 173 contacting the con-
figuration of the interior bottom wall of the bowl 162, the
filter cartridge 161 automatically centers itself within the
filter cartridge chamber of the bowl 162 due to the mating

engagement of the conical configurations. The head 163
may then be attached to the bowl 162 and the upper end
cap 174 of the filter cartridge 161. A keying mechanism,
such as mating configuration, e.g., conical configuration,
in the interior wall of the head 163, e.g., the region of the
head 163 near the outlet fitting 15b, and on the upper
end cap 174, may center the filter cartridge 161 on the
head 163 as well as the bowl 162.
[0045] The housing including one or more of the axial
fluid conduit, the radial passage, and/or the keying mech-
anism may be fabricated in any suitable manner. For ex-
ample, a molded bowl 162 is illustrated Figures 24 and
25. The bowl 162 may be molded in two pieces, e.g., a
side wall piece 195 and a bottom wall piece 196, and the
two pieces 195, 196 may be attached, e.g., welded or
bonded, to form the bowl 162. In the illustrated embodi-
ment, the bowl 162 includes an axial fluid conduit 164,a
radial passage 165, a filter cartridge chamber, and a
centering configuration 191 in the interior bottom wall of
the bowl 162.
[0046] Alternatively or additionally, the housing may
be machined. For example, a machined bowl 162 is il-
lustrated in Figures 26 and 27. The machined bowl 162
preferably comprises a unitary piece 197. A filter car-
tridge chamber and an axial fluid conduit 164 may be
bored in the unitary piece 197. A radial passage 165 may
be bored through the side wall of the unitary piece 197,
and the exterior end of the radial passage 165 may be
plugged or fitted with a fitting.
[0047] Other examples of capsule filters which em-
body the invention and which may be used in one or more
of the previously disclosed filtration systems are shown
in Figures 28-32, all of which may provide similar and/or
additional features and advantages of the embodiment
shown in Figure 22. (Components of the embodiments
shown in Figures 28-32 have the same reference num-
bers as the analogous components of the embodiment
shown in Figure 22.) The embodiment of the filter shown
in Figure 28 may be similar to the embodiment shown in
Figure 22. The capsule filter 13 shown in Figure 28 may
include an axial fluid conduit 168, a radial passage 165,
and a keying mechanism such as mating configurations
on the lower end cap 173 and the interior bottom wall of
the bowl 162 and/or on the upper end cap 174 and the
interior wall of the head 163. Further, the housing 160
may closely fit to the filter cartridge 161, and/or the filter
cartridge 161 may have non-radially extending pleats.
However, the fittings 15a, 15b, 15c of the capsule filter
13 shown in Figure 28 may differ from the fittings 15a,
15b, 15c of the capsule filter 13 shown in Figure 22.
[0048] The embodiment of the filter shown in Figure
29 is similar to the embodiment shown in Figure 28. The
capsule filter 13 shown in Figure 29, as well as the cap-
sule filter 13 shown in Figure 30, may also include an
axial fluid conduit 164, a radial passage 165, a keying
mechanism, e.g., an upper keying mechanism and/or a
lower keying mechanism, a close fit between the housing
160 and the filter cartridge 161, and/or a filter cartridge

15 16 



EP 1 286 748 B1

10

5

10

15

20

25

30

35

40

45

50

55

having non-radially extending pleats. However, in the
capsule filter 13 shown in Figure 29 the bowl 162 and
the filter cartridge 161 may be longer than those in the
embodiment of Figure 28.
[0049] The embodiment shown in Figure 30 is similar
to the embodiment shown in Figure 29. However, the
capsule filter 13 shown in Figure 30 may have a head
163 which is removably mounted to the bowl 162. The
head may be removably fastened to the bowl in any suit-
able manner. For example, the head 163 may be fas-
tened to the bowl 162 by a ring nut 200. One or more
O-rings 201 may be used to seal the head 163 to the
bowl 162. Alternatively, the heat may be threaded directly
to the bowl or bolted to the bowl.
[0050] The embodiment of the filter shown in Figures
31 and 32 may be useful in one or more of the previously
disclosed filtration systems, including the filtration sys-
tem 10 shown in Figures 8-13. The capsule filter 13 may
include an axial fluid conduit 164, a radial passage 165,
and a keying mechanism. The keying mechanism may
comprise dissimilar shapes on the lower end cap 173,
e.g., a generally conical shape, and on the interior bottom
wall of the bowl 162, e.g., a generally cylindrical depres-
sion, which nonetheless fit to each other to center the
filter cartridge 161 in the filter cartridge chamber. The
open exterior end of the radial passage 165 in the housing
160 may be plugged or may be equipped with a fitting,
as previously disclosed.
[0051] Filters embodying the present invention may be
useful in any of the previously disclosed filtration sys-
tems, but the invention is not limited to these embodi-
ments. For example, a capsule filter which embodies the
invention but may not be useful in the previously dis-
closed filtration systems is shown in Figure 33. (Compo-
nents of the embodiments shown in Figure 33 have the
same reference numerals as the analogous components
of the embodiments shown in Figure 22 and the Figures
28-32.)
[0052] The embodiment of the filter shown in Figure
33 may have a T-flow fitting arrangement. The inlet fitting
15a, the outlet fitting 15b, and the vent fitting 15c may
each be disposed in the head 163 of the capsule filter 13
in a generally triangular pattern.
[0053] Filters embodying one or more aspects of the
invention, including capsule filters having one or more of
the axial fluid conduit, the radial passage, and/or the key-
ing mechanism, have many advantages and represent
a significant advance in the art. These features are even
more valuable when combined with the close fit between
the housing and the filter cartridge and the non-radial
pleats of the filter cartridge. For example, the axial fluid
conduit allows the fluid to sweep evenly along the axial
length of the filter cartridge from the bottom to the top of
vice versa, reducing or eliminating dead zones at the
bottom or top of the annular channel. The radial passage
coupled to the lower channels under the lower end cap
further enhances the even sweep and distribution of fluid
flow under the filter cartridge and in the annular fluid chan-

nel around the filter cartridge and further avoids dead
zones at the bottom of the annular channel. The keying
mechanism ensures that the filter cartridge is centered
in the filter cartridge chamber and provides a uniform
annular channel, even further enhancing the even distri-
bution of fluid flow around the filter cartridge. These ad-
vantages combined with the low hold up volume provided
by the close fit between the housing and the filter car-
tridge and by the non-radial pleats of the filter cartridge
provide a filter with far superior performance than con-
ventional filters with respect to reducing hold up volume
and dead zones, providing an even distribution of fluid
flow upward, or downward, along the filter cartridge;
sharpening rise time; and minimizing the time to output
a fluid which has a desired level of cleanliness and is
substantially free of gas bubbles.

Example 1

[0054] A test system 300 shown in Figure 34 is used
to evaluate liquid displacement in a first filter, a second
filter, and a third filter as a dispense liquid is dispensed
through the filters. The test system 300 includes a dis-
pense liquid container 301, a dispense pump 302, a hous-
ing 303, a drawback 304, a container 305 on a balance
or scale 306, and electronics 307, such as a PC, coupled
to the scale 306. The first filter, which is similar to the
capsule filter 310 shown in Figure 35 but utilizes the bowl
311 shown in Figure 36, has a filtration area of 660 cm2

and a hold up volume of 42 cc. The second filter, which
is similar to the capsule filter 312 shown in Figure 37 but
utilizes the bowl 313 shown in Figure 38, also has a fil-
tration area of 660 cm2 and a hold up volume of 42 cc.
The third filter, which is similar to the capsule filter 314
shown in Figure 39, has a filtration area of 2800 cm2 and
a hold up volume of 130 cc. The hold up volume of each
filter is the inner volume of the filter housing, including
the bowl, minus the hardware volume of the filter car-
tridge.
[0055] To monitor dispense weight, two kinds of liq-
uids, which have different specific gravities, are used:

(1) hexyleneglycol (s.g. = 0.923 at 20 deg. C, vis. =
34.4 m Pa.s at 20 deg. C, s.t. = 27 mN/m at 20 deg.
C) and
(2) ethyleneglycol (s.g. = 1.11 at 20 deg. C, vis =
25.66 mPa.s at 16 deg. C, st = 46m N/m at 20 deg. C).

[0056] The dispense is carried out pulsationally rather
than continuously, and the dispense cycle has a 6 sec.
dispense time and a 12 sec. wait time. The dispense
weight for the hexyleneglycol is approximately 3.05
g/shot and for the ethyleneglycol is approximately 3.70
g/shot. The minimum range is 0.001 g.
[0057] The test procedure is as follows:

(1) a test filter is installed in the housing;
(2) hexyleneglycol is run through the filter and the
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housing is then filled with liquid;
(3) ethyleneglycol is passed through the filter wetted
by the hexyleneglycol;
(4) hexyleneglycol is displaced with ethyleneglycol;
(5) the weight of fluid filtered is measured as a func-
tion of time during displacement;
(6) ethyleneglycol is displaced with hexyleneglycol;
and
(7) the weight of fluid filtered is measured as a func-
tion of time.

[0058] The raw data is presented in Figure 40. The raw
data is converted into W values as follows:

(1) displacement from hexyleneglycol to ethyleneg-
lycol corresponds to W = W1 - W(n);
(2) displacement from ethyleneglycol to hexyleneg-
lycol corresponds to W’ = W’(n’) - W2;
(3) dispense weight corresponds to W(g); and
(4) shot number corresponds to n.

[0059] Figures 41 and 42 show that it takes 60 shots
for the first filter 310 and 140 shots for the third filter 314
until the dispense weight reaches a stable level. It takes
80 shots until the dispense weight reaches a stable level
for the second filter 312.
[0060] In Figures 43-45, the areas enclosed by the x-
and y-axes and the data profiles indicate the total weight
for the displacement. In Figures 43 and 44, the profiles
and values from hexyleneglycol to ethyleneglycol and
from ethyleneglycol to hexyleneglycol were very close.
In Figure 45, the profiles were a bit further but the values
were almost the same. The displacement volume from
ethyleneglycol to hexyleneglycol must be equal to that
from hexyleneglycol to etyleneglycol in order to displace
all of the liquid. Therefore, all of the filters allow most of
the liquid to be displaced.

Example 2

[0061] A test system 320 shown in Figure 46 is used
to determine bubble and particle counts downstream of
the first filter, second filter and third filter of Example 1.
The test system includes a source 321 of air, a pressure
tank 322, a pressure gauge 323, the test filter 324, a
particle counter 325 (e.g., a RION KS-16F), and a flow
meter 326. The test liquid is the hexyleneglycol of Exam-
ple 1.
[0062] The test procedure is as follows:

(1) the test liquid is loaded into the tubing and the
test filter;
(2) after venting, the liquid is passed through the test
filter to the particle counter, which is started simul-
taneously just after venting; and
(3) the bubble and particle counts for bubbles/parti-
cles greater than 0.1 and 0.2 micron were measured
as a function of time at a 10 mL/min flow rate.

[0063] As shown in Figure 47, the first and second fil-
ters showed a quick drop for the downstream particles.
The first and second filters have a smaller filtration area
than the third filter and contain less air initially than the
third filter. This difference in filtration area may be the
cause of the difference in the initial purge. The first and
second filters, which are smaller than the third filter, more
quickly reduce the bubble/particle counts downstream of
the filter. Thus, the first and second filters better reduce
waste time and volume during photoresist dispense.
[0064] The present invention has been described in
terms of several embodiments. However, the invention
is not limited to these embodiments. One or more of the
features of one embodiment may be eliminated or com-
bined with one or more of the features of another em-
bodiment without departing from the scope of the inven-
tion. Further, entirely different embodiments may be en-
visioned, particularly in light of the foregoing teachings.
Accordingly, the invention includes all variations and
modifications encompassed with the scope of the at-
tached claims.

Claims

1. A filter comprising:

a housing (160) including a bowl (162), a head
(163) attached to the bowl (162), an inlet (15a),
an outlet (15b),and a vent (15c) wherein the inlet
(15a) and the outlet (15b) define a fluid flow path
through the housing (160), and the vent (15c)
vents gas from the housing (160), and further
including a filter cartridge chamber, and
a filter cartridge (161) disposed in the filter car-
tridge chamber in the fluid flow path, the filter
cartridge (161) including a hollow filter pack
(170),

characterized in that the inlet (15a), the outlet (15b)
and the vent (15c) are formed in the head (163) at
an upper end of the housing (160), the filter cartridge
(161) includes a pleated filter pack (170) and a blind
end cap (173) disposed at a lower end of the filter
pack (170), the filter cartridge (161) and the housing
(160) are arranged to define a lower portion of the
flow path near the bottom of the housing (160) and
a portion of the flow path between an interior side
wall of the housing (160) and an exterior of the filter
cartridge (161), and an inlet conduit (164) extends
axially along a periphery of the filter cartridge cham-
ber from the inlet (15a) to the lower portion of the
flow path and, along at least 50% of the inlet conduit
(164), is so isolated from the filter cartridge chamber
as to direct fluid from the inlet (15a) to the lower por-
tion of the flow path, through the portion of the flow
path between the interior side wall of the housing
(160) and the exterior of the filter cartridge (161) and
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along the length of the filter cartridge to facilitate
sweeping gas and bubbles from the bottom of the
housing (160) towards the vent (15c) and out of the
filter.

2. The filter according to claim 1 wherein the head (163)
further includes an interior wall slightly spaced from
the top of the filter cartridge (161) in the vicinity of
the vent (151).

3. The filter according to claim 1 or 2 wherein the inlet
(15a) communicates with the exterior of the hollow
pleated filter pack (170) and the outlet (15b) com-
municates with the hollow interior of the pleated filter
pack (170).

4. The filter according to any one of the preceding
claims wherein the inlet conduit (164) is disposed in
the side wall of the housing (160).

5. The filter according to any one of the preceding
claims wherein the inlet conduit (164) fluidly commu-
nicates with the filter cartridge chamber only at the
bottom of the housing (160).

6. The filter according to any one of the preceding
claims wherein the portion of the flow path between
the interior side wall of the housing (160) and the
exterior of the filter cartridge (161) comprises an an-
nular channel.

7. The filter according to any one of the preceding
claims wherein the portion of the flow path between
the interior side wall of the housing (160) and the
exterior of the filter cartridge (161) is dimensioned
to minimize hold up volume and dead zones.

8. The filter according to any one of the preceding
claims wherein the portion of the flow path between
the interior side wall of the bowl (162) and the exterior
of the filter cartridge (161) has an area on the order
of the area of the inlet or outlet.

9. The filter according to any one of the preceding
claims wherein the lower portion of the flow path in-
cludes one or more lower flow channels.

10. The filter according to any one of the preceding
claims wherein the lower portion of the flow path in-
cludes one or more radially extending ribs formed
on the interior bottom wall of the housing (160) or
the bottom of the filter cartridge (161).

11. The filter according to any one of the preceding
claims wherein at least one of the interior bottom wall
of the housing (160) and the bottom of the filter car-
tridge (161) have a surface which is inclined upwards
toward the space between the interior side wall of

the housing (160) and the exterior of the filter car-
tridge (161).

12. The filter according to any one of the preceding
claims wherein the interior bottom wall of the housing
(160) includes a radial passage extending from the
housing side wall under the filter cartridge (161) and
communicating with the axial conduit (164) and the
lower portion of the flow path.

13. The filter according to any one of the preceding
claims wherein the inlet (15a), outlet (15b), and vent
(15c) are disposed in the head (163) in a generally
triangular pattern.

14. The filter according to any one of the preceding
claims wherein the blind end cap (173) and the inte-
rior bottom wall of the housing (160) have mating
shapes which cooperate to center the filter cartridge
(161) in the bowl (162) of the housing (160).

15. The filter according to claim 14 wherein the mating
shapes are partially spherical, elliptical, or conical.

Patentansprüche

1. Filter umfassend:

Ein Gehäuse (160) beinhaltend eine Schale
(162), einen an der Schale (162) befestigten
Kopf (163), einen Einlass (15a), einen Auslass
(15b) und eine Öffnung (15c), wobei der Einlass
(15a) und der Auslass (15b) einen Flüssigkeits-
durchflussweg durch das Gehäuse (160) be-
stimmen und die Öffnung (15c) Gas vom Ge-
häuse (160) entlüftet, und ferner beinhaltend ei-
ne Filterpatronenkammer, und
eine Filterpatrone (161) angeordnet in der Fil-
terpatronenkammer im Flüssigkeitsdurchfluss-
weg, wobei die Filterpatrane (161) ein hohles
Filterpack (170) beinhaltet,

dadurch gekennzeichnet, dass der Einlass (15a),
der Auslass (15b) und die Öffnung (15c) im Kopf
(163) an einem oberen Ende des Gehäuses (160)
ausgebildet sind, die Filterpatrone (161) ein gefalte-
tes Filterpack (170) und eine blinde Endkappe (173)
angeordnet am unteren Ende des Filterpacks (170)
beinhaltet, die Filterpatrone (161) und das Gehäuse
(160) angeordnet sind, um einen unteren Abschnitt
des Durchflusswegs nahe dem Boden des Gehäu-
ses (160) und einen Abschnitt des Durchflusswegs
zwischen einer inneren Seitenwand des Gehäuses
(160) und einer Außenseite der Filterpatrone (161)
zu bestimmen, und dass sich eine Einlassleitung
(164) axial entlang einer Peripherie der Filterpatro-
nenkammer vom Einlass (15a) zu dem unteren Ab-
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schnitt des Durchflusswegs erstreckt und, entlang
von zumindest 50% der Einlassleitung (164), so von
der Filterpatronenkammer isoliert ist, dass sie die
Flüssigkeit vom Einlass (15a) zu dem unteren Ab-
schnitt des Durchflussweges, durch den Abschnitt
des Durchflussweges zwischen der inneren Seiten-
wand des Gehäuses (160) und der Außenseite der
Filterpatrone (161) und entlang der Länge der Filter-
patrone leitet, um das Entfernen von Gas und von
Blasen vom Boden des Gehäuses (160) in Richtung
der Öffnung (15c) und aus dem Filter raus, zu er-
möglichen.

2. Filter gemäß Anspruch 1, worin der Kopf (163) ferner
eine von der Spitze der Filterpatrone (161) in der
Umgebung der Öffnung (151) geringfügig beabstan-
dete Innenwand beinhaltet.

3. Filter gemäß Anspruch 1 oder 2, worin der Einlass
(15a) mit dem Äußeren des hohlen gefalteten Filter-
packs (170) in Verbindung steht und der Auslass
(15b) mit dem hohlen Inneren des gefalteten Filter-
packs (170) in Verbindung steht.

4. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin die Einlassleitung (164) in der Sei-
tenwand des Gehäuses (160) angeordnet ist.

5. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin die Einlassleitung (164) mit der Fil-
terpatronenkammer nur am Boden des Gehäuses
(160) in flüssigkeitsübermittelnder Verbindung steht.

6. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin der Abschnitt des Durchflusswegs
zwischen der inneren Seitenwand des Gehäuses
(160) und der Außenseite der Filterpatrone (161) ei-
nen ringförmigen Kanal umfasst.

7. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin der Abschnitt des Durchflusswegs
zwischen der inneren Seitenwand des Gehäuses.
(160) und der Außenseite der Filterpatrone (161) di-
mensioniert ist, um Stillstandsvolumina und strö-
mungslose Zonen zu minimieren.

8. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin der Abschnitt des Durchflusswegs
zwischen der inneren Seitenwand der Schale (162)
und der Außenseite der Filterpatrone (161) eine Flä-
che in der Größenordnung der Fläche des Einlasses
oder des Auslasses aufweist.

9. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin der untere Abschnitt des Durchfluss-
wegs einen oder mehrere untere Durchflusskanäle
beinhaltet.

10. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin der untere Abschnitt des Durchfluss-
wegs eine oder mehrere sich radial erstreckende
Rippen ausgebildet auf der inneren Bodenwand des
Gehäuses (160) oder dem Boden der Filterpatrone
(161) beinhaltet.

11. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin die inneren Bodenwand des Gehäu-
ses (160) und/oder der Boden der Filterpatrone (161)
eine Oberfläche haben, die aufwärts zu dem Raum
zwischen der inneren Seitenwand des Gehäuses
(160) und der Außenseite der Filterpatrone (161) ge-
neigt ist

12. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin die innere Bodenwand des Gehäu-
ses (160) eine radiale Passage beinhaltet, die sich
von der Gehäuseseitenwand unter die Filterpatrone
(161) erstreckt und mit der axialen Leitung (164) und
dem unteren Abschnitt des Durchflusswegs in Ver-
bindung steht.

13. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin der Einlass (15a), der Auslass (15b)
und die Öffnung (15c) im Kopf (163) in einem im
Allgemeinen dreieckigen Muster angeordnet sind.

14. Filter gemäß irgendeinem der vorhergehenden An-
sprüche, worin die blinde Endkappe (173) und die
innere Bodenwand des Gehäuses (160) ineinander-
greifende Formen haben, die zusammenwirken, um
die Filterpatrone (161) in der Schale (162) des Ge-
häuses (160) zu zentrieren.

15. Filter gemäß Anspruch 14, worin die ineinandergrei-
fenden Formen teilweise sphärisch, elliptisch oder
konisch sind.

Revendications

1. Filtre comprenant :

un logement (160) comprenant une cuve (162),
une tête (163) reliée à la cuve (162), un orifice
d’entrée (15a), un orifice de sortie (15b) et un
conduit (15c) dans lequel l’orifice d’entrée (15a)
et l’orifice de sortie (15b) définissent un chemin
d’écoulement de fluide à travers le logement
(160), et le conduit (15c) décharge du gaz en
provenance du logement (160) et comprenant
en outre une chambre à cartouche filtrante, et
une cartouche filtrante (161) disposée dans la
chambre à cartouche filtrante dans le chemin
d’écoulement de fluide, la cartouche filtrante
(161) comprenant un filtre creux (170),
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caractérisé en ce que l’orifice d’entrée (15a), l’ori-
fice de sortie (15b) et le conduit (15c) sont formés
dans la tête (163) au niveau d’une extrémité supé-
rieure du logement (160), la cartouche filtrante (161)
comprend un filtre plissé (170) et un capuchon d’ex-
trémité aveugle (173) disposé au niveau d’une ex-
trémité inférieure du filtre (170), la cartouche filtrante
(161) et le logement (160) sont agencés de façon à
définir une partie inférieure du chemin d’écoulement
proche de la partie inférieure du logement (160) et
une portion du chemin d’écoulement entre une paroi
latérale interne du logement (160) et une paroi ex-
terne de la cartouche filtrante (161) et un conduit
d’admission (164) s’étend de manière axiale le long
d’une périphérie de la chambre à cartouche filtrante
de l’orifice d’entrée (15a) à la partie inférieure du
chemin d’écoulement et est, au moins le long de 50%
du conduit d’admission (164), ainsi isolé de la cham-
bre à cartouche filtrante pour diriger un fluide de l’ori-
fice d’entrée (15a) à la partie inférieure du chemin
d’écoulement, à travers la partie du chemin d’écou-
lement entre la paroi latérale interne du logement
(160) et la paroi externe de la cartouche filtrante
(161) et le long de la longueur de la cartouche fil-
trante afin de faciliter l’évacuation des gaz et des
bulles de la partie inférieure du logement (160) vers
le conduit (15c) et hors du filtre.

2. Filtre selon la revendication 1, dans lequel la tête
(163) comprend en outre une paroi interne légère-
ment espacée de la partie supérieure de la cartouche
filtrante (161) à proximité du conduit (151).

3. Filtre selon la revendication 1 ou 2, dans lequel l’ori-
fice d’entrée (15a) communique avec la partie exter-
ne du filtre plissé creux (170) et l’orifice de sortie
(15b) communique avec la partie interne creuse du
filtre plissé (170).

4. Filtre selon l’une quelconque des revendications
précédentes, dans lequel le conduit d’admission
(164) est disposé dans la paroi latérale du logement
(160).

5. Filtre selon l’une quelconque des revendications
précédentes, dans lequel le conduit d’admission
(164) entre en communication de fluides avec la
chambre à cartouche filtrante seulement au niveau
de la partie inférieure du logement (160).

6. Filtre selon l’une quelconque des revendications
précédentes, dans lequel la partie du chemin d’écou-
lement entre la paroi latérale interne du logement
(160) et la paroi externe de la cartouche filtrante
(161) comprend un canal annulaire.

7. Filtre selon l’une quelconque des revendications
précédentes, dans lequel la partie du chemin d’écou-

lement entre la paroi latérale interne du logement
(160) et la paroi externe de la cartouche filtrante
(161) est dimensionnée de façon à minimiser le vo-
lume gazeux et les zones mortes.

8. Filtre selon l’une quelconque des revendications
précédentes, dans lequel la partie du chemin d’écou-
lement entre la paroi latérale interne de la cuve (162)
et la partie externe de la cartouche filtrante (161) a
une zone de l’ordre de la zone de l’orifice d’entrée
ou de sortie.

9. Filtre selon l’une quelconque des revendications
précédentes, dans lequel la partie inférieure du che-
min d’écoulement comprend un ou plusieurs canaux
d’écoulement inférieurs.

10. Filtre selon l’une quelconque des revendications
précédentes, dans lequel la partie inférieure du che-
min d’écoulement comprend une ou plusieurs arêtes
s’étendant de manière radiale formées sur la paroi
inférieure interne du logement (160) ou sur la partie
inférieure de la cartouche filtrante (161).

11. Filtre selon l’une quelconque des revendications
précédentes, dans lequel au moins un élément parmi
la paroi inférieure interne du logement (160) et la
partie inférieure de la cartouche filtrante (161) a une
surface qui est inclinée verticalement vers l’espace
situé entre la paroi latérale interne du logement (160)
et la partie externe de la cartouche filtrante (161).

12. Filtre selon l’une quelconque des revendications
précédentes, dans lequel la paroi inférieure interne
du logement (160) comprend un passage radial
s’étendant de la paroi latérale du logement sous la
cartouche filtrante (161) et en communication avec
le conduit axial (164) et la partie inférieure du chemin
d’écoulement.

13. Filtre selon l’une quelconque des revendications
précédentes dans lequel l’orifice d’entrée (15a), l’ori-
fice de sortie (15b) et le conduit (15c) sont disposés
dans la tête (163) selon un modèle généralement
triangulaire.

14. Filtre selon l’une quelconque des revendications
précédentes, dans lequel le capuchon d’extrémité
aveugle (173) et la paroi inférieure interne du loge-
ment (160) ont des formes correspondantes qui coo-
pèrent de façon à centrer la cartouche filtrante (161)
dans la cuve (162) du logement (160).

15. Filtre selon la revendication 14, dans lequel les for-
mes correspondantes sont partiellement elliptiques,
sphériques ou coniques.
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