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(57) ABSTRACT 

A ?lter plate for use in biological or chemical applications, 
and its method of manufacture, are disclosed. The ?lter plate 
comprises a plurality of structurally interconnected Wells 
Which comprise a matrix of Wells having a uniform diameter, 
each Well having a side Wall Which de?nes a vertically 
extending, generally cylindrical cavity; a bottom Wall Which 
closes the cavity, the bottom Wall having a drainage opening 
formed therein; a ?lter sheet extending across and resting on 
top of the bottom Wall; the ?lter sheet being irremovably 
?xed in position as a result of engagement With the side Wall; 
a conical noZZle having an external surface and an internal 
passage communicating With the drainage opening in the 
bottom Wall; and a membrane supporting surface across the 
internal passage extending from the Walls of the internal 
passage to a plane normal to the bottom Wall. 
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MULTIWELL FILTER AND/ OR PLATE 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a disposable multiWell 
?lter apparatus for use in biological and biochemical assays 
that can be used and is compatible With existing equipment. 

[0002] In pharmaceutical and biological research labora 
tories, plates With a multitude of Wells have replaced tradi 
tional test tubes for assay and analysis. For many years, 
multi-Well laboratory plates have been manufactured in 
con?gurations ranging from 1 Well to 384 Wells, and 
beyond. The Wells of multi-Well plates are typically used as 
reaction vessels in Which various assays are performed. The 
types of analytical and diagnostic assays are numerous. The 
typical areas of use include cell culture, drug discovery 
research, immunology, and molecular biology, among oth 
ers. Current industry standard multi-Well plates are laid out 
With 96 Wells in an 8x12 matrix (mutually perpendicular 8 
and 12 Well roWs). In addition, the height, length and Width 
of the 96-Well plates are standardiZed. This standardiZation 
has resulted in the development of a large array of auxiliary 
equipment speci?cally developed for 96-Well formats. 

[0003] Many assays or tests require a mixture of particu 
late or cellular matter in a ?uid medium. The mixture is then 
subjected to combination With reagents, separation steps and 
Washing steps. The end product of such analysis is often a 
residue of solid matter Which may be extracted for further 
analysis. 
[0004] Separation of solids from ?uid medium is often 
accomplished by ?ltration. The separation is accomplished 
in or on the ?lter material by passing the liquid through it. 
The liquid can be propelled through the membrane either by 
a pressure differential or by centrifugal force. Filter plates 
that conform to a 96 Well standardiZed format are knoWn as 
disclosed in Us. Pat. Nos. 4,427,415 and 5,047,215. One 
signi?cant problem that has been encountered With ?lter 
plates adapted for use With a 96 Well plate is that cross 
contamination may occur betWeen Wells. When a unitary 
?lter sheet is sandWiched betWeen tWo pieces of plastic 
molded in a 96 Well format, liquid from one Well, upon 
Wetting the ?lter material, may Wick through the paper to 
neighboring Wells thereby contaminating the sample con 
tained Within that Well. One solution to this problem is 
offered in US. Pat. Nos. 4,948,442 and 5,047,215. In these 
patents, a 96 Well ?lter plate is disclosed comprising a ?lter 
sheet placed betWeen tWo plastic plates. One of the plates 
has a series of ridges that cut the ?lter sheet When the plates 
are ultrasonically Welded together. By cutting the ?lter sheet 
around each Well, the possibility of Wicking betWeen neigh 
boring Wells is effectively eliminated. A problem With this 
design is that it limits the product offering to membranes that 
can be cut by the process and to plate materials that can be 
ultrasonically Welded. In fact, the potential for Wicking and 
cross contamination still exists When the ?lter material is not 
completely severed in the Welding process. 

[0005] Us. Pat. No. 4,427,415 discloses a ?lter plate of 
one piece construction having Wells With drain holes in the 
bottom and capable of receiving ?lter discs into the Wells. 
Wicking is obviously not a problem in this plate because 
individual ?lter discs are used as opposed to a unitary sheet 
of ?lter paper. The ?lter discs used in this plate are put into 
each Well individually and are not secured to the bottom of 
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the Well. A danger exists With a ?lter disc that has not been 
secured doWn in that some liquid from the Well could pass 
under the ?lter and thereby escape ?ltration, resulting in 
contamination of the ?ltrate. 

[0006] Our invention solves several problems of prior art 
?lter plate designs by providing a multiWell ?lter plate in 
Which 1) ?lters are securely fastened to the plate Without the 
use of glue or other potentially contaminant chemical adhe 
sives 2) an expansive variety of ?lter materials may be used, 
3) a large number of thermoplastic components may be 
employed in its construction, and 4) no cross contamination 
through liquid Wicking occurs betWeen neighboring Wells. 
The preferred embodiment of the present invention also 
offers a conical noZZle designed to cause exiting ?uid to 
create droplets rather than lateral ?oW along the bottom of 
the plate. Further, a ring or skirt Will preferably circumscribe 
the underside of each ?lter Well. The skirt ?ts into a 
corresponding Well of a receiver plate and is designed to 
prevent cross contamination that may otherWise occur by 
splashing of ?ltrate. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to 
provide a disposable ?ltration device for chemical and 
biological tests in Which a large number of samples may be 
tested simultaneously. Further objects of the present inven 
tion are: to provide a ?lter plate that Will be compatible With 
existing 96 Well cluster plate formats as standardiZed by the 
industry; to provide a ?lter plate that can be handled by 
automated robotic assay equipment; to provide a ?lter plate 
having individual Wells having a support grid on the bottom 
to help support the ?lter element, prevent tearing, and alloW 
for an even distribution of ?ltered material on the ?lter; to 
provide a ?lter plate in Which liquid from one Well can not 
mix With liquid from a neighboring Well (the ?lter plate of 
the present design prevents lateral ?oW or cross-talk of 
liquid through the membrane to other Wells); to prevent 
cross contamination of ?ltrate after passing through the ?lter 
and passing to a receiver plate; to provide a ?lter plate of tWo 
part construction in Which each individual Well ?lter is 
securely pinned betWeen opposing plates that are insert 
molded against each other; and to provide a unique method 
for the manufacture of ?lter plates. 

[0008] Brie?y, the present invention relates to an 
improved ?lter plate and its method of manufacture. The 
?lter plate is a tWo part construction. It comprises a Well 
plate preferably With 96 Wells, each Well being open on both 
ends, molded against a harvester plate insert preferably 
having 96 counter-bores, each containing a ?lter disc, 
Whereby each counter-bore aligns With a corresponding and 
respective Well from the Well plate, and Whereby the diam 
eter of the counter-bore is greater than the diameter of the 
Well, such that the Well bonds With the outer rim of the 
counterbore thereby creating a lap joint. The lap joint also 
serves the purpose of ?xing the ?lter disc securely to the 
insert Without the need for glue or chemical adhesives. 
During the injection molding process, extremely high pres 
sures in the mold ensure that the edges of the ?lter disc are 
pressed against the insert. 

[0009] The assembled ?lter plate product has a plurality of 
interconnected Wells of uniform diameter, each Well being 
de?ned by a circular side Wall, each of the side Walls being 
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interconnected to the side Wall of at least tWo adjacent Wells, 
each of the Wells being open at one end. Further, the plate 
has a bottom Wall at the bottom of each of the Wells, Which 
is connected to the side Wall, each of the bottom Walls 
having an opening therein. Aconical drainage noZZle having 
an external surface and an internal passage communicating 
With the opening in the bottom Wall, extends doWnWardly 
from the bottom Wall from a point radially inWard from the 
side Wall. Finally, a ?lter disc is positioned on top of the 
bottom Walls of the Wells, the peripheries of each ?lter being 
sandWiched betWeen a bottom portion of the side Wall of 
each Well and a top portion of the bottom Wall of each Well. 
The bottom Walls have an opening therein, the opening 
preferably taking the form of a funnel shaped noZZle. A 
support grid preferably extends across the opening in order 
to provide support for the ?lter disc. 

[0010] The method of manufacturing the plate comprises 
several steps, namely: forming an insert having a plurality of 
counter-bores; punching ?lter discs into the bottom surface 
of the counter-bore; and insert molding a Well plate against 
the insert and ?lters such that Wells from the Well plate align 
With corresponding counter-bores from the insert thereby 
forming a lap joint that effectively secures the ?lter disc in 
place. The method can be extended for use in the manufac 
ture of multiWell plates Which do not have a ?lter, but 
require a Well bottom of a different material than the side 
Walls. 

DESCRIPTION OF THE FIGURES 

[0011] FIG. 1 is a plan vieW of the insert of the present 
invention. 

[0012] FIG. 2 is a side vieW of the insert of the present 
invention. 

[0013] FIG. 3 is a fragmentary cross sectional vieW of the 
insert of FIG. 1, taken along the section line 3-3 in FIG. 1. 

[0014] FIG. 4 is a three dimensional vieW of the insert of 
the present invention. 

[0015] FIG. 5 is an enlarged vieW of the corner of the 
insert of FIG. 4. 

[0016] FIGS. 6A-6C are cross sectional vieWs of a three 
step process for punching ?lter discs from a unitary sheet of 
?lter paper, and inserting the discs into the insert. 

[0017] FIGS. 7A-7D are cross sectional three dimensional 
vieWs of the molding process of the current invention 
Whereby a Well plate is molded against an insert. 

[0018] FIGS. 8A-8D are cross sectional tWo dimensional 
vieWs of the molding process shoWn in FIG. 7. 

[0019] FIG. 9 is a multiWell ?lter plate of the present 
invention having a corner section extracted. 

[0020] FIG. 10 is an enlargement of the corner of the 
multiWell ?lter plate of FIG. 9 shoWing a cross section of 
tWo adjacent Wells. 

[0021] FIG. 11 is a multiWell plate of the present inven 
tion having a corner section extracted. 

[0022] FIG. 12 is an enlargement of the corner of the 
multiWell plate of FIG. 9 shoWing a cross section of tWo 
adjacent Wells. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] ShoWn in FIG. 1 is an insert 10 of the present 
invention. The term insert is de?ned as a harvester plate 
capable of holding ?lter elements. The insert 10 is molded 
of a preferably hydrophobic thermoplastic material and 
preferably has 96 separate and distinct counter-bores 12 
Within it. Ideally, the spacings from the center point of each 
counter-bore 12 Will conform to spacings betWeen the cen 
ters of Wells of the industry standardiZed 96 Well cluster 
plate. Each counter-bore 12 has an annular lip or rim 14 
around its outer periphery. The individual counter-bores 12 
are joined together by adjoining the peripheries of adjacent 
counter-bores. Within the periphery of the rim 14, each 
counter-bore has a substantially ?at bottom Wall 16 capable 
of seating a ?lter disc and a depressed center area that forms 
the conical drain funnel 25. Further, each counter-bore 
preferably has a support grid 18 partially covering the drain 
hole, provided to prevent ?lter material that is seated on the 
?at bottom Wall 16 of a counterbore from tearing during 
?ltration While maximiZing the open ?lter area for ?uid ?oW. 

[0024] FIG. 2 shoWs a side vieW of the insert of the 
present invention. Each counter-bore has a funnel shaped 
drain hole therethrough. Preferably, beloW the ?at surface 
area of the counterbore, is an annular skirt 20. The annular 
skirt serves tWo functions. First, the annular skirt 20 serves 
as a guidance system When aligning the ?lter plate With a 96 
Well receiving plate. The skirt 20 ?ts into a corresponding 
Well in the 96 Well plate into Which ?ltrate is to be trans 
ferred. Any lateral movement of the ?lter plate, once 
engaged With the receiving plate, is repressed by the plu 
rality of skirts sitting in the respective Wells of the receiver 
plate. Second, the skirt 20 serves to minimiZe any contami 
nation betWeen Wells of a receiver plate by guarding against 
aerosols or splashing of liquid ?ltrate as it transfers into the 
receiver plate. 

[0025] FIG. 3 shoWs a cross sectional vieW of one 
counter-bore 12 from an insert of the present invention. The 
counter-bore has a substantially ?at bottom Wall-16 to 
support a ?lter disc, an annular rim 14 around the periphery, 
a grid support 18, an annular skirt 20 and a conical noZZle 
serving as a drain hole 22 and extending doWnWardly from 
the bottom Wall 16, preferably terminating at a point above 
the termination point of the skirt. The noZZle has an external 
surface 24, and an internal passage 25 that communicates 
With the bottom Wall 16 of the counterbore 12. The internal 
passage 25 is preferably funnel shaped. The opening or drain 
hole 22 in the noZZle, Where the internal passage 25 and 
external surface 24 of the noZZle meet, Will preferably be 
quite small relative to the diameter of the bottom surface of 
the counter-bore. The small diameter and material surface 
energy are intended to keep the contents of a ?lter Well from 
?oWing until a signi?cant driving force is applied. The 
conical external surface 24 of the noZZle is designed so that 
its surface intersects the internal passage 25 to form a sharp 
edge. The purpose of the sharp edge is to cause the draining 
?uid to form a droplet, rather than to alloW ?oW laterally to 
any adjacent Well thereby causing ?uid cross-contamination 
of the ?ltrate along the under surface of the insert portion of 
the ?lter plate. Additionally, the edge Will cause smaller 
droplets to form at the opening than Would otherWise form 
Without an edge. Ideally, a chamfered edge Will be provided 
on the bottom of the skirt (not shoWn). The purpose of this 
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chamfer is to guide the ?lter plate into the correct location 
over the receiver plate. This design is intended to make the 
plate easy to handle by a robotic placement system. 

[0026] FIGS. 4 and 5 shoW the insert 10 from above and 
in a three-dimensional vieW. The insert 10 contains a matrix 
of counter-bores 12 based upon the standard 96-Well stan 
dard plate. Each counterbore 12 has an annular rim 14 
around its periphery. A grid system 18 provides support over 
each drain hole. The grid system is comprised of a series of 
molded supports 15 that extend across the opening in the 
bottom Wall 16 of the counterbore 12. The supports 15 
extend across the internal passage 25 of the noZZle, are 
attached to the Walls of the internal passage and project 
upWard to a plane normal the top surface of the bottom Wall 
of the counterbore. The grid system creates a substantially 
?at surface entirely across the bottom Wall of the counter 
bore. The bottom Wall is therefore able to provide support 
for a ?lter disc, and prevent any tearing of the disc, While 
still alloWing ?ltrate to be draWn into the funnel shaped 
passage. The grid system further alloWs liquid to be draWn 
through the ?lter disc from a greater surface area than the 
prior art devices. This creates a more uniform distribution of 
?ltered material on the disc and alloWs for a smoother How 
of liquid through the plate. 

[0027] FIGS. 6A-6C shoW the process of punching and 
inserting a ?lter disc into a counterbore of the insert. A 
molded insert 10 is placed Within a punch machine prefer 
ably having 96 punches 26 siZed to cut membranes that Will 
?t into the corresponding 96 counter-bores 12 of the insert. 
A?lter sheet 28 of the desired material is placed betWeen the 
insert 10 and the punch mechanism 26. A series of aligned 
bores 30 from the die side of the punch Will be placed 
betWeen the ?lter sheet 28 and each counter-bore 12 of the 
insert. The insertion of the ?lter discs preferably takes place 
in a tWo step process, ?rst a punch, then an insertion. 

[0028] For clarity, FIG. 6A shoWs only a single counter 
bore 12. A bore 30 preferably made of hardened steel is 
located betWeen the counter-bore 12 and a ?lter sheet 28. 
Positioned above the ?lter sheet 28 is a cylindrical plunger 
32. The plunger 32 has a bottom Wall and is surrounded by 
a cylindrical punch 26. The plunger 32 is slideably mounted 
Within the punch 26. The punch 26 terminates at its base in 
a radial cutting edge 34. The punch and plunger together 
make up a punch unit and are surrounded by a sleeve 36. The 
outer diameter of the punch 26 is approximately the same as 
the inner diameter of the bore 30 such that the punch ?ts 
snugly into the bore. The diameter of the bore 30 is approxi 
mately identical to the diameter of the counter-bore 12. FIG. 
6B shoWs the plunger 32 having been thrust doWnWard into 
the bore 30. The cutting edge 34 of the punch has severed the 
?lter sheet 28 such that a ?lter disc 38 has been cut and 
pushed into the bore 30. In FIG. 6C, the punch 26 has 
stopped extending into the bore 30, While the plunger 32 has 
continued pushing the ?lter disc 38 doWn into the counter 
bore 12 and against its bottom Wall 16. The plunger 32 and 
the punch 26 are then retracted, leaving an insert 10 having 
a ?lter disk 38 positioned along the bottom Wall 16 of the 
counterbore 12. Of course, it Will be appreciated that as 
indicated, the described sequence Will be performed simul 
taneously on a multiplicity of Wells, eg 96 Wells. The 
counterbore 12 as shoWn in FIGS. 6A-6C is only one from 
a matrix of counterbores making up an insert 10. Further, 
bore 30 is only one bore from a die having a matrix of bores 
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that positionally align With the insert. LikeWise, the punch 
unit comprising a plunger 32 surrounded by a cylindrical 
punch 26, is one of a matrix of punch units that positionally 
align With individual bores of the bore plate and individual 
counterbores of the insert. Preferably, sleeve 36, Which is 
one sleeve from a precision carrier or guide plate, Will 
encapsulate each punch unit as a protective measure. 

[0029] FIGS. 7A-7D and FIGS. 8A-8D shoW the insert 
molding technique that may be employed to obtain the ?lter 
plate of the present invention. FIGS. 7A-7D shoW the 
molding technique of one ?lter Well, a portion of a plate of 
preferably 96 interconnected ?lter Wells, in three-dimen 
sional vieW. FIGS. 8A-8D shoW the same steps in cross 
sectional vieWs. The mold Which Will accept this insert Will 
have a cavity geometry that Will form a standard 96 Well 
plate against the insert, With the insert forming the bottom of 
the plate. The mold of FIG. 7A has tWo parts, an upper mold 
40 and a loWer mold 42. The loWer mold 42 is designed to 
form a nest 44 for the pre-molded insert 10, as Well as create 
external molded surfaces of the ?nished part. The upper 
mold 40 has a set of 96 core pins 46 that serve both to form 
the inside surfaces of the Wells and to protect and hold each 
?lter disc 38 in place While the material ?oWs into the mold. 
The diameter of the core pins 46 are preferably smaller than 
the diameter of the ?lter discs 38 so that, When the mold 
closes, the outer edges of the ?lter discs Will be exposed to 
the mold cavity and thus WiLl also be exposed to material 
?oWing into the mold. FIGS. 7B and 8B shoW the mold 
closed With the upper part 40 and loWer part 42 of the mold 
pressed together. The core pin 46 is pressing the ?lter disc 
38 in place. Material ?oWs into the mold through a gate and 
?oWs across the cavity, thereby forming the Well plate 48. 
The gate is located in such a position as to optimiZe mold 
?oW. The formed Well plate is a plate preferably having 96 
Wells that extend through the plate, each Well having open 
ends on each of its top and bottom surfaces. FIGS. 7C and 
8C shoW the mold after the thermoplastic material has ?lled 
the mold and formed the Well plate 48. FIGS. 7D and 8D 
shoW the ?nished Ware after it has been removed from the 
mold. The ?ange 56 Would, of course, connect to corre 
sponding ?anges on adjacent Wells. The Well plate 48 
contacts the ?lter disc 38 around the entire periphery of each 
Well Wall 50. The outer rim 14 of each counter-bore 12 and 
the loWer Wall 50 of each Well actually bond together during 
the molding process and form lap joints 52 along their entire 
periphery. AnyWhere the neW material contacts the insert 
directly, the materials Will be bonded. The Well plate 48 and 
insert 10 are effectively bonded at each Well along the lap 
joints 52. The Well plate 48 is molded against the outer 
periphery of the ?lter disc 38 so as to position it securely 
against the bottom Wall 16 of the insert 10. In some cases, 
depending on the membrane material, the ?lter disc 38 Will 
bond to the material forming the Well Wall 50 thereby further 
securing the membrane in place. 

[0030] The insert molding technique as described lends a 
further advantage over press ?tting techniques or techniques 
that require ultrasonically Welding tWo plates together. Ther 
moplastic materials have a tendency to change shape slightly 
upon cooling. Alignment betWeen tWo separately molded 
parts can be compromised by this cooling process resulting, 
at times, in an improper ?t betWeen parts. HoWever, in the 
present invention, since the Well plate is molded against the 
insert, a reproducible dependable ?t is guaranteed. Thereby, 
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the ?t between plates as described is inherently superior to 
a ?t obtained by matching together tWo separately molded 
pieces. 
[0031] Referring to FIG. 9 and 10, the resultant ?lter plate 
60 has a plurality of Wells 62 arranged in an 8x12 matrix. 
Each individual Well is separated from the other, each 
containing a separate ?lter disc 38. No Wicking or cross 
contamination betWeen Wells 62 in the ?lter plate 60 is 
possible because ?lter discs 38 are cut from the ?lter sheet 
before molding, not as part of the molding process. Each 
individual Well is sealed from neighboring Wells and no 
liquid transfer is possible through the overlapping and 
material bonded joint 52 formed betWeen the Well plate 48 
and the insert 10. 

[0032] It should be noted that the process for manufactur 
ing ?lter plates can also be employed in the manufacture of 
1><N Well ?lter strips or individual ?lters. Further, ?lter 
plates can have Wells of any number, for example 384 Wells 
arranged in a 16x24 matrix. 

[0033] It should also be noted that the process for manu 
facturing ?lter plates is not limited to Wells that have a 
circular cross section. The counterbores of the insert and 
Wells of the Well plate may be oval, square, rectangular, etc. 
The discs that are punched from the sheet of material Will, 
of course correspond to the shape of the Well and therefore 
likeWise may be oval, square, rectangular, etc. as punched 
from an accordingly shaped punch unit. 

[0034] The process for manufacturing ?lter plates can also 
be employed for producing other plates that require a Well 
bottom of a different material than the side Walls. For 
example, for the production of a multiWell plate having 
Wells having opaque side Walls and transparent bottoms, a 
transparent sheet or ?lm such as a ?uoropolymer ?lm, may 
be substituted for the ?lter membrane material herein before 
described. In this embodiment and referring to FIGS. 11 
and 12, the insert 60 consists of a molded support having a 
matrix of rings 62 corresponding to the desired multiWell 
plate 61. The rings 62, instead of having funnel shaped 
noZZles extending doWnWardly from the insert as described 
in the ?lter plate manufacturing process, are open through 
out the center 64. Each ring 62 preferably has a ?at support 
portion 66 in a plane parallel to the plane of the insert 60, and 
a substantially perpendicular annular rim 68 circumscribing 
the outer periphery of the ?at support portion 66. The ?lm 
is then punched by the method previously discussed, and 
individual discs of the ?lm material are placed against the 
?at support portion of the ring of the insert. The punch 
mechanism is preferably siZed such that a punched disk of 
transparent ?lm Will be supported by the ?at portion and Will 
?t against the annular rim. A Well plate is then molded 
against the insert as previously described. The material of 
each annular rim bonds With the material of the Well plate 
and each disc of transparent ?lm is pinned betWeen the ?at 
support portion of each ring and the Wall of each Well. The 
resultant plate has Wells 74 With bottoms 70 consisting of the 
transparent ?lm material and sideWalls 72 of a different 
material, for example, opaque polystyrene. Punching indi 
vidual discs from the transparent sheet also serves the 
purpose of preventing optical crosstalk betWeen Wells that 
might otherWise occur through a unitary sheet. The rings 62 
of the insert may also be opaque and extend beloW the 
surface of the Well bottom 70, thereby further preventing 
optical crosstalk betWeen the Wells 74. 
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[0035] Although preferred embodiments of the invention 
have been disclosed, other embodiments may be perceived 
Without departing from the scope of the invention, as de?ned 
by the appended claims. 

What is claimed is: 
1. A ?ltration apparatus comprising: 

a Well plate having a plurality of Wells, each Well extend 
ing through said plate, each Well having open ends; 

an insert having a plurality of counterbores, each coun 
terbore de?ned by a side Wall and a bottom Wall, an 
opening through said bottom Wall, each counterbore 
aligned With a corresponding and respective Well from 
said Well plate, said side Wall of each counterbore 
surrounding and bonded to one end of a corresponding 
Well; 

a ?lter disc positioned on said bottom Wall of each 
counterbore and beloW each said Well such that said 
Well compresses the periphery of said ?lter disc against 
said bottom Wall of said counterbore thereby securing 
said ?lter disc in place; 

a conical noZZle having an external surface and an internal 
passage communicating With said opening, said noZZle 
extending doWnWardly from said surface of said coun 
terbore from a point radially inWard from said Well; and 

a supporting surface extending across said internal pas 
sage. 

2. The ?ltration apparatus of claim 1 Wherein said internal 
passage is funnel shaped. 

3. The ?ltration apparatus of claim 1 Wherein said outer 
surface of said noZZle intersects said internal passage of said 
noZZle forming an edge. 

4. The ?ltration apparatus of claim 1 further comprising 
an annular skirt extending from an under surface of said 
bottom Wall of said counterbore and circumscribing said 
noZZle. 

5. The ?ltration apparatus of claim 1 having 96 said 
interconnected Wells. 

6. A ?ltration apparatus comprising a plurality of struc 
turally interconnected Wells Which comprise a matrix of 
Wells having a uniform diameter, each Well comprising: 

a) a side Wall Which de?nes a vertically extending, 
generally cylindrical cavity; 

b) a bottom Wall Which closes said cavity, said bottom 
Wall having a drainage opening formed therein; 

c) a ?lter sheet extending across and resting on top of said 
bottom Wall, said ?lter sheet being irremovably ?xed in 
position as a result of engagement With said side Wall; 

d) a conical noZZle having an external surface and an 
internal passage communicating With said drainage 
opening in said bottom Wall, said noZZle extending 
doWnWardly from said bottom Wall from a point radi 
ally inWard from said side Wall; and 

e) a supporting surface across said internal passage 
extending from the Walls of said internal passage to a 
plane normal to said bottom Wall. 

7. The ?ltration apparatus of claim 6 Wherein said internal 
passage is funnel shaped. 

8. The ?ltration apparatus of claim 6 Wherein said external 
surface intersects said internal passage forming an edge. 
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9. The ?ltration apparatus of claim 6 further comprising 
an annular skirt extending from an under surface of said 
bottom Wall and circumscribing said noZZle. 

10. The ?ltration apparatus of claim 6 having 96 said 
interconnected Wells. 

11. The ?ltration apparatus of claim 6 having 384 said 
interconnected Wells. 

12. Amethod of making a ?lter plate comprising the steps 
of : 

a) molding an insert having a matrix of counterbores, each 
counterbore having a bottom Wall, an outer rim of 
predetermined diameter, and an opening therethrough; 

b) punching individual ?lter discs from a ?lter sheet and 
pushing said ?lter discs into a corresponding counter 
bore such that said ?lter disc substantially covers the 
entire bottom Wall of the counterbore; 

c) molding a Well plate against saia insert, said Well plate 
having a top and bottom Wall having a matrix of Wells 
of predetermined diameter extending through said 
plate, each said Well having open ends at each of said 
top corresponds With said matrix of Wells such that 
each said Well aligns With a corresponding counterbore, 
Whereby said Well ?ts inside the rim of said counter 
bore thereby forming a lap joint betWeen each said 
counterbore and said Well, and Whereby said Well 
compresses said ?lter against said bottom Wall of said 
counterbore thereby securing said ?lter disc in place. 

13. Amethod of making a ?lter plate comprising the steps 
of: 

a) providing an insert having a matrix of counterbores, 
each counterbore having a bottom Wall and being open 
at the top, 

b) positioning a ?lter disc in each of said counterbores 
such that said ?lter disc rests upon the top surface of 
said bottom Wall, and 

c) insert molding a Well plate to said insert thereby 
forming a vertically extending Well aligned With each 
of said counterbores, the side Walls of each said Well 
being formed so as to engage each said ?lter disc. 

14. Amethod of making a ?lter plate assembly comprising 
the steps of: 

a) providing a molded insert plate of counterbores, said 
counterbores having a predetermined diameter; 

b) placing on said insert plate, a die having a matrix of 
bores, said bores having a diameter substantially iden 
tical to said diameter of said counterbores and arranged 
such that each bore positionally aligns With a corre 
sponding counterbore; 

c) covering said die With a sheet of ?lter material; 

d) positioning above said ?lter material, a matrix of punch 
units, each unit positionally aligned With a correspond 
ing bore from said die, each unit comprising a plunger 
slidably mounted Within a cylindrical punch, each 
punch having a radial cutting bottom edge extending 
beyond said plunger, each said unit having an outer 
diameter substantially identical to said diameter of said 
corresponding bore such that each unit is capable of 
?tting securely into said corresponding bore 
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e) depressing said matrix of punch units through said ?lter 
material thereby cutting a ?lter disc from said ?lter 
material at each said cutting edge and such that a 
bottom surface of said plunger contacts said ?lter disc, 
said matrix of punch units extending into each said bore 
such that each said punch unit is at least partially 
contained Within a corresponding bore; 

f) extending each said plunger and attached ?lter disc into 
contact With each bottom Wall of said counterbore of 
said insert While each said punch remains contained 
Within said bore; 

g) depositing each said ?lter disc on a bottom Wall of each 
respective counterbore; 

h) removing each said punch unit from each said coun 
terbore and bore; and 

i) ?tting a Well plate having matrix of open ended Wells 
corresponding in siZe and location to said counterbores, 
against said insert such that each Well ?ts securely 
Within each corresponding counterbore. 

15. A method of making a multiWell plate comprising the 
steps of: 

a) providing a molded insert plate of rings, said rings each 
having a substantially ?at portion and an annular rim; 

b) placing on said insert plate, a die having a matrix of 
bores, said bores having a diameter substantially iden 
tical to said diameter of said rings and arranged such 
that each bore positionally aligns With a corresponding 
rmg; 

c) covering said die With a sheet of material; 

d) positioning above said material, a matrix of punch 
units, each unit positionally aligned With a correspond 
ing bore from said die, each unit comprising a plunger 
slidably mounted Within a cylindrical punch, each 
punch having a radial cutting bottom edge extending 
beyond said plunger, each said unit having an outer 
diameter substantially identical to said diameter of said 
corresponding bore such that each unit is capable of 
?tting securely into said corresponding bore 

e) depressing said matrix of punch units through said 
material thereby cutting a disc from said material at 
each said cutting edge and such that a bottom surface 
of said plunger contacts said disc, said matrix of punch 
units extending into each said bore such that each said 
punch unit is at least partially contained Within a 
corresponding bore; 

f) extending each said plunger and attached disc into 
contact With each ?at portion of said ring of said insert 
While each said punch remains contained Within said 
bore; 

g) depositing each said disc on said ?at portion of each 
respective ring; 

h) removing each said punch unit from each said coun 
terbore and bore; and 

i) molding a Well plate having matrix of open ended Wells 
corresponding in siZe and location to said rings, against 
said insert such that each Well ?ts securely Within each 
corresponding ring. 
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16. A method of making a multiWell plate comprising the 
steps of: 

a) providing an insert having a matrix of rings, each ring 
having an annular support surface around an opening, 

b) positioning a disc of material against each said ring 
such that said disc of material rests upon said support 
surface, 

c) insert molding a Well plate to said insert thereby 
forming a vertically extending Well aligned With each 
of said rings, the side Walls of each said Well being 
formed so as to engage each said disc. 

17. A method of making a multiWell plate comprising the 
steps of: 

a) molding an insert having a matrix of rings, each ring 
having a substantially ?at support surface and an outer 
rim of predetermined diameter; 

b) punching individual discs from a sheet and pushing 
said discs into contact With said support surface of a 
corresponding ring such that said disc substantially 
covers the entire opening of said ring; and 

c) molding a Well plate against said insert, said Well plate 
having a top and bottom Wall having a matrix of Wells 
of predetermined diameter extending through said 
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plate, each Well having open ends at each of said top 
and bottom Wall, said matrix of rings corresponding 
With said matrix of Wells such that each said Well aligns 
With a corresponding ring Whereby said Well ?ts inside 
the rim of said ring thereby forming a lap joint betWeen 
each said ring and said Well, and Whereby said Well 
compresses said disk against said support surface of 
said ring thereby securing said disc in place. 

18. A multiWell plate comprising: 

a Well plate having a plurality of Wells, each Well extend 
ing through said plate, each Well having open ends; 

an insert having a plurality of rings, each ring having a 
substantially ?at support surface and an outer rim of 
predetermined diameter, each ring aligned With a cor 
responding and respective Well from said Well plate, 
said outer rim of each ring surrounding and bonded to 
one end of a corresponding Well; and 

a disc of material positioned on said support surface of 
each ring and beloW each said Well such said Well 
compresses the periphery of said disc against said 
support surface of said ring thereby securing said disc 
in place. 


