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C(57) Abstract: Modular sample processing apparatus kits that can provide a user with the flexibility to customize a disk-based 
assay in view of a variety of factors are disclosed. The sample processing apparatus kits of the present invention include one or 

More process modules that can be retained within openings in a frame. The frame and process modules of the sample processing 
Apparatus kits are preferably adapted for use in sample processing systems that compress the apparatus. The process modules may 

contain different reagents to perform different tests on the same sample materials or a variety of sample materials. As a result, a 
single sample processing apparatus can be used to perform a variety of different tests and may include a quality control module 
capable of providing feedback to the user as to the accuracy of the processes run using the sample processing apparatus. Methods 
of using the sample processing apparatus that include deforming the process modules and frame are also disclosed.
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MODULAR SAMPLE PROCESSING APPARATUS KITS AND MODULES 

The present invention relates to modular sample processing apparatus kit that 

5 can be used to process samples that may contain one or more analytes of interest.  

Many different chemical, biochemical, and other reactions are sensitive to 

temperature variations. Examples of thermal processes in the area of genetic 

amplification include, but are not limited to, Polymerase Chain Reaction (PCR), Sanger 

sequencing, etc. The reactions may be enhanced or inhibited based on the temperatures 

10 of the materials involved. Although it may be possible to process samples individually 

and obtain accurate sample-to-sample results, individual processing can be time

consuming and expensive.  

A variety of sample processing devices and apparatus have been developed to 

process samples quickly and efficiently. Examples of some particularly useful sample 

15 processing devices may be found in, e.g., commonly-assigned U.S. Patent No.  

6,734,401 titled ENHANCED SAMPLE PROCESSING DEVICES SYSTEMS AND 

METHODS (Bedingham et al.).  

Although these sample processing devices are useful, in many instances they 

provide significantly larger numbers of process chambers (e.g., 96, 384 or more process 

20 chambers) than needed for a particular assay (in which as few as one process chamber 

and associated reagents may be needed). Furthermore, many of these sample 

processing devices contain reagents that are by far the most costly component of the 

sample processing device. As a result, using only a portion of the process chambers 

and the reagents contained in a sample processing device can be prohibitively 

25 expensive.  

SUMMARY OF THE INVENTION 

The present invention provides modular sample processing apparatus kits that 

can provide a user with the flexibility to customize a disk-based assay in view of a 

30 variety of factors. Generally, the sample processing apparatus kits of the present 

invention include one or more process modules that can be retained within openings in 

a frame.  

The frame and process modules of the sample processing apparatus kits are 

preferably adapted for use in sample processing systems that compress the apparatus
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such as, e.g., the compression systems described in, e.g., U.S. Patent Application No.  

11/174,757, titled SAMPLE PROCESSING DEVICE COMPRESSION SYSTEMS 

AND METHODS, filed on July 5, 2005.  

Among the potential advantages of the present invention is the ability of the 

5 customer to assemble different process modules within the frame of a sample 

processing apparatus of the present invention. The different process modules may 

contain different reagents to perform different tests on the same sample materials or a 

variety of sample materials. As a result, a single sample processing apparatus can be 

used to perform a variety of different tests and may include a quality control module 

10 capable of providing feedback to the user as to the accuracy of the processes run using 

the sample processing apparatus.  

Furthermore, only process modules that are needed may be used, offering 

potentially significant savings for the user - especially if the process modules are 

preprinted with expensive reagents that would otherwise be wasted if provided in a 

15 conventional device. If fewer process modules are needed than a given frame can 

contain, the remainder of the openings in the frame may be loaded with blank process 

modules to provide a complete apparatus for processing if needed for proper processing 

in a given system (such as the systems described in U.S. Patent Application No.  

11/174,757, titled SAMPLE PROCESSING DEVICE COMPRESSION SYSTEMS 

20 AND METHODS, filed on July 5, 2005).  

Although described herein as "kits", the process modules and frames may be 

provided to users either assembled or not. In some instances, the kits may include a 

one or more blank modules for use as described herein.  

Another potential advantage of some of the sample processing apparatus of the 

25 present invention may include, e.g., process chambers arranged in a compliant annular 

processing ring that is adapted to conform to the shape of an underlying thermal 

transfer surface under pressure. That compliance may be delivered in the apparatus of 

the present invention by, e.g., locating the process chambers in an annular processing 

ring in which a majority of the volume is occupied by the process chambers which are 

30 preferably formed by voids extending through the bodies of the process modules in the 

apparatus. In such a construction, limited amounts of the body forming the structure of 

the modules is present within the annular processing ring, resulting in improved 

flexibility of the apparatus within the annular processing ring.
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Other optional features that may improve compliance within the annular 

processing ring may include a composite structure within the annular processing ring 

that includes covers attached to a process module body using pressure sensitive 

adhesive that exhibits viscoelastic properties. The viscoelastic properties of pressure 

5 sensitive adhesives may allow for relative movement of the covers and process module 

bodies during deformation or thermal expansion/contraction while maintaining fluidic 

integrity of the fluid structures in the sample processing apparatus of the present 

invention.  

The use of covers attached to a process module body as described in connection 

10 with the sample processing apparatus of the present invention may also provide 

advantages in that the properties of the materials for the different covers and process 

module bodies may be selected to enhance performance of the apparatus.  

For example, some of the covers may preferably be constructed of relatively 

inextensible materials to resist bulging or deformation in response forces generated by 

15 the sample materials within the process chambers and/or other features of any fluid 

structures. Those forces may be significant where, e.g., the sample processing 

apparatus is rotated to deliver and/or process sample materials in the process chambers.  

Examples of some materials that may be relatively inextensible may include, e.g., 

polyesters, metal foils, polycarbonates, etc. It should, however, be understood that 

20 inextensibility may not necessarily be required. For example, in some embodiments, 

one or more covers may be selected because they provide for some extensibility.  

Another property that may preferably be exhibited by some of the covers used 

in connection with the present invention is thermal conductivity. Using materials for 

the covers that enhance thermal conductivity may improve thermal performance where, 

25 e.g., the temperature of the sample materials in the process chambers are preferably 

heated or cooled rapidly to selected temperatures or where accurate temperature control 

is desirable. Examples of materials that may provide desirable thermal conductive 

properties may include, e.g., metallic layers (e.g., metallic foils), thin polymeric layers, 

etc.  

30 Another potentially useful property in the covers used in connection with the 

present invention may be their ability to transmit electromagnetic energy of selected 

wavelengths. For example, in some apparatus, electromagnetic energy may be
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delivered into the process chambers to heat materials, excite materials (that may, e.g., 

fluoresce, etc.), visually monitor the materials in the process chamber, etc.  

As discussed above, if the materials used for the covers are too extensible, they 

may bulge or otherwise distort at undesirable levels during, e.g., rotation of the disk, 

5 heating of materials within the process chambers, etc. One potentially desirable 

combination of properties in the covers used to construct process chambers of the 

present invention may include relative inextensibility, transmissivity to electromagnetic 

energy of selected wavelengths, and thermal conductivity. Where each process 

chamber is constructed by a void in the process module body and a pair of covers on 

10 each side of the body, one cover may be selected to provide the desired transmissivity 

and inextensibility while the other cover may be selected to provide thermal 

conductivity and inextensibility. One suitable combination of covers may include, e.g., 

a polyester cover that provides transmissivity and relative inextensibility and a metallic 

foil cover that provides thermal conductivity and inextensibility on the opposite side of 

15 the process chamber. Using pressure sensitive adhesive to attach relatively inextensible 

covers to the process module bodies may preferably improve compliance and flexibility 

by allowing relative movement between the covers and the process module body that 

may not be present in other constructions.  

The sample processing apparatus of the present invention are designed for 

20 processing sample materials that include chemical and/or biological mixtures with at 

least a portion being in the form of a liquid component. If the sample materials include 

a biological mixture, the biological mixture may preferably include biological material 

such as peptide- and/or nucleotide-containing material. It may further be preferred that 

the biological mixture include a nucleic acid amplification reaction mixture (e.g., a 

25 PCR reaction mixture or a nucleic acid sequencing reaction mixture).  

Further, the fluid structures (if any) may preferably be unvented, such that the 

only opening into or out of the fluid structure is located proximate the input well into 

which the sample materials are introduced. In an unvented fluid structure, the terminal 

end, i.e., the portion distal from the axis of rotation and/or the input well, is sealed to 

30 prevent the exit of fluids from the process chamber.  

In one aspect, the present invention provides a modular sample processing 

apparatus kit that includes a frame with a plurality of openings arranged in an annular 

array around a center of the frame and one or more process modules adapted to be
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retained within one opening of the plurality of openings in the frame. Adjacent process 

modules loaded into adjacent openings are separated from each other by a radial strut of 

the frame. Each process module includes a module body with first and second major 

surfaces; a metallic foil layer attached to the second major surface of the module body; 

5 a fluid structure in the process module, the fluid structure including an input well in 

fluid communication with a process chamber, wherein the input well is located radially 

inward of the process chamber relative to the center of the frame. The process chamber 

includes a volume defined by a void formed through the first and second major surfaces 

of the module body and the metallic foil layer attached to the second major surface over 

10 the void in the second major surface. The process chambers of the one or more process 

modules define an annular processing ring of the modular sample processing apparatus 

when the one or more process modules are retained within the plurality of openings in 

the frame. Each process module has a z-axis thickness measured in a direction normal 

to the first and second major surfaces of the module body that is larger than a z-axis 

15 thickness of the portion of each radial strut of the frame located within the annular 

processing ring.  

In another aspect, the present invention provides a process module adapted for 

use in a modular sample processing apparatus having a frame with a plurality of 

openings arranged in an annular array around a center of the frame, the openings 

20 separated from each other by a radial strut. The process module includes a module 

body with first and second major surfaces; a metallic foil layer attached to the second 

major surface of the module body; a fluid structure in the process module, the fluid 

structure including an input well in fluid communication with a process chamber, 

wherein the input well is located radially inward of the process chamber relative to the 

25 center of the frame. The process chamber has a volume defined by a void formed 

through the first and second major surfaces of the module body and the metallic foil 

layer attached to the second major surface over the void in the second major surface.  

The process module has a z-axis thickness measured in a direction normal to the first 

and second major surfaces of the module body that is larger than a z-axis thickness of 

30 the portion of each radial strut of the frame located within the annular processing ring.  

In another aspect, the present invention provides a method of processing sample 

materials, the method including providing a modular sample processing apparatus that 

includes a frame with a plurality of openings arranged in an annular array around a
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center of the frame and one or more process modules adapted to be retained within one 

opening of the plurality of openings in the frame, wherein adjacent process modules 

loaded into adjacent openings are separated from each other by a radial strut of the 

frame. Each process module further includes a module body with first and second 

5 major surfaces, a metallic foil layer attached to the second major surface of the module 

body, at least one process chamber with a volume defined by a void formed through the 

first and second major surfaces of the module body and the metallic foil layer attached 

to the second major surface over the void in the second major surface. The process 

chambers of the one or more process modules define an annular processing ring of the 

10 modular sample processing apparatus when the one or more process modules are 

retained within the plurality of openings in the frame. The method further includes 

providing sample material in the at least one process chamber of the one or more 

process modules and deforming the annular processing ring of the sample processing 

apparatus on a convex transfer surface of a thermal structure, wherein a portion of the 

15 one or more process modules and the frame are deflected to conform to the convex 

transfer surface. The sample processing apparatus is rotated about an axis of rotation 

while deforming the annular processing ring on the convex transfer surface.  

These and other features and advantages of the present invention may be 

discussed below in connection with various exemplary embodiments of the invention.  

20 

BRIEF DESCRIPTIONS OF THE FIGURES 

FIG. 1 is a perspective view of a top surface of an exemplary modular sample 

processing apparatus kit according to the present invention with the process modules 

loaded into the frame.  

25 FIG. 2 is perspective view of the frame of the modular sample processing 

apparatus of FIG. I with the process modules removed.  

FIG. 3 is an enlarged cross-sectional view of a portion of the sample processing 

apparatus of FIG. 1 taken along line 3-3 in FIG. 1.  

FIG. 3A is a cross-sectional view of a portion of an alternative sample 

30 processing apparatus.  

FIG. 4 is an enlarged perspective view of the top surface of one of the process 

modules of the apparatus of FIG. 1.
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FIG. 5 is an enlarged perspective view of the bottom surface of the process 

module of FIG. 4.  

FIG. 6 is an enlarged cross-sectional view of a portion of the sample processing 

apparatus of FIG. 1 taken along line 3-3 in FIG. 1.  

5 FIG. 7 depicts another exemplary modular sample processing apparatus kit 

according to the present invention.  

FIG. 8 depicts deformation of a portion of one sample processing apparatus 

according to one exemplary method of the present invention.  

10 DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION 

In the following description of exemplary embodiments of the invention, 

reference is made to the accompanying figures of the drawing which form a part hereof, 

and in which are shown, by way of illustration, specific embodiments in which the 

invention may be practiced. It is to be understood that other embodiments may be 

15 utilized and structural changes may be made without departing from the scope of the 

present invention.  

The present invention provides modular sample processing apparatus kits and 

methods for using them that involve thermal processing, e.g., sensitive chemical 

processes such as PCR amplification, ligase chain reaction (LCR), self-sustaining 

20 sequence replication, enzyme kinetic studies, homogeneous ligand binding assays, and 

more complex biochemical or other processes that require precise thermal control 

and/or rapid thermal variations. The modular sample processing apparatus kits (when 

assembled) are preferably capable of being rotated while the temperature of sample 

materials in process chambers in the apparatus is being controlled.  

25 Some examples of suitable construction techniques/materials that may be 

adapted for use in connection with the process modules of the present invention may be 

described in, e.g., commonly-assigned U.S. Patent No. 6,734,401 titled ENHANCED 

SAMPLE PROCESSING DEVICES SYSTEMS AND METHODS (Bedingham et al.) 

and U.S. Patent Application Publication No. US 2002/0064885 titled SAMPLE 

30 PROCESSING DEVICES. Other useable device constructions may be found in, e.g., 

U.S. Provisional Patent Application Serial No. 60/214,508 filed on June 28, 2000 and 

entitled THERMAL PROCESSING DEVICES AND METHODS; U.S. Provisional 

Patent Application Serial No. 60/214,642 filed on June 28, 2000 and entitled SAMPLE
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PROCESSING DEVICES, SYSTEMS AND METHODS; U.S. Provisional Patent 

Application Serial No. 60/237,072 filed on October 2, 2000 and entitled SAMPLE 

PROCESSING DEVICES, SYSTEMS AND METHODS; U.S. Provisional Patent 

Application Serial No. 60/260,063 filed on January 6, 2001 and titled SAMPLE 

5 PROCESSING DEVICES, SYSTEMS AND METHODS; U.S. Provisional Patent 

Application Serial No. 60/284,637 filed on April 18, 2001 and titled ENHANCED 

SAMPLE PROCESSING DEVICES, SYSTEMS AND METHODS; and U.S. Patent 

Application Publication No. US 2002/0048533 titled SAMPLE PROCESSING 

DEVICES AND CARRIERS. Other potential device constructions may be found in., 

10 e.g., U.S. Patent No. 6,627,159 titled CENTRIFUGAL FILLING OF SAMPLE 

PROCESSING DEVICES (Bedingham et al.).  

Although relative positional terms such as "top", "bottom", "above", "below", 

etc. may be used in connection with the present invention, it should be understood that 

those terms are used in their relative sense only. For example, when used in connection 

15 with the apparatus of the present invention, "top" and "bottom" may be used to signify 

opposing major sides of the apparatus and their modules. In actual use, elements 

described as "top" or "bottom" may be found in any orientation or location and should 

not be considered as limiting the apparatus and methods to any particular orientation or 

location. For example, the top surface of the sample processing apparatus or module 

20 may actually be located below the bottom surface of the sample processing apparatus or 

module during processing (although the top surface would still be found on the 

opposite side of the sample processing apparatus or module from the bottom surface).  

One major surface of one embodiment of a modular sample processing 

apparatus 10 is depicted in FIG. 1. The apparatus 10 includes a frame 20 with process 

25 modules 30 located in openings of the frame 20, i.e., the kit is in the assembled 

configuration. The frame 20 is shown alone in FIG. 2, where each of the openings 22 is 

depicted. The openings 22 are defined by a series of struts 24 that extend outward from 

a central core 26 to an outer support ring 28.  

The apparatus 10 further includes a spindle aperture 12 located in the central 

30 core 26 of the frame. The spindle aperture 12 may preferably be sized and shaped to 

accept a spindle that can be used to rotate the sample processing apparatus 10 about a 

rotational axis that extends along the z-axis direction through the center of the spindle 

aperture 12.
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The exact number of openings 22 in the frame 20 of any one sample processing 

apparatus of the present invention may vary. The depicted apparatus 10 includes eight 

process modules 30 in eight openings 22 in the frame 20, but the frame of an apparatus 

of the present invention may have as few as two openings up to as many openings as 

5 desired, i.e., more than eight openings may be provided.  

Furthermore, although a process module 30 is located within each of the 

openings 22 in the depicted frame 20, each of the openings 22 in the frame 20 may not 

necessarily be populated with a process module 30. For example, some of the openings 

22 may be left empty if the frame 20 and any processing system adapted to process 

10 sample materials using the apparatus 10 are designed to process an apparatus 10 in 

which one or more openings in the frame 20 are left empty.  

Alternatively, the openings 22 in the frame that are not occupied by process 

modules 30 may be occupied by blank modules that, e.g., do not include any reagents 

and/or sample materials to be processed. As used herein, a "blank module" may 

15 include a truly blank module (i.e., a featureless body adapted to be located in an 

opening in the frame), a process module that is not loaded with preprinted reagents, a 

process module loaded with preprinted reagents but no sample materials, a used process 

module that is no longer needed (but is useful to fill an opening in a frame while other 

process modules are being processed), etc.  

20 Blank modules may be provided if the system used to process the apparatus is 

designed to work best with a fully-loaded frame (such as, for example, the systems 

described in U.S. Patent Application No. 11/174,757, titled SAMPLE PROCESSING 

DEVICE COMPRESSION SYSTEMS AND METHODS, filed on July 5,2005.  

Another potential reason for loading blank modules in a frame in which all of the 

25 openings are not occupied by process modules with sample materials is to balance the 

frame for rotational purposes, with the blank modules serving as counterweights for the 

process modules. In such an application, some of the openings in the frame may be left 

empty if no counterweight is required for a process module located on the opposite side 

of the frame.  

30 The process modules 30 may be retained within the openings 22 in the frame 20 

by any suitable technique or structures. In the depicted embodiment, the struts 24 that 

define the edges of the frame openings 22 include a lip 25 on which a complementary 

edge 31 of the process module 30 rests when the process module 30 is in opening 22
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(see, e.g., FIGS. 2 and 3). It may be preferred that the lip 25 extend along the entire 

length of the strut 24 as seen in FIG. 2. It may be further preferred that the lip 25 

extend out to and along at least a portion of the outer support ring 28 (as seen in FIG.  

2).  

5 The lips 25 and edges 31 of the process modules preferably work together to 

support the process modules 30 within the openings 22 of the frame. As seen in FIG. 3, 

it may be preferred that the bottom surface 23 of the strut 24 be raised in the z-direction 

relative to the bottom surfaces 32 of the process modules 30. In such an arrangement, it 

may be easier to ensure that the bottom surfaces 32 of the process modules 30 can rest 

10 on or come into physical contact with a thermal transfer surface as will be described 

elsewhere herein. For example, the bottom surfaces 32 of the process modules 30 

within a given frame 20 of a sample processing apparatus may preferably define a 

contact plane, with the surface 23 of the strut 24 located above the contact plane 

defined by the lowermost surfaces 32 of the process modules 30. This concept is also 

15 described in connection with FIG. 6 below.  

A recess 27 located along the outer support ring 28 may also be provided to 

assist in retaining the process modules 30 within the openings 22. The recess 27 may 

preferably be adapted to receive a complementary tab 33 on the process module 30 

(see, e.g., FIG. 4). The tab 33 and recess 27 may preferably assist in aligning the 

20 process module 30 within opening 22 as well as retaining the module 30 within the 

opening 22. In addition, while the lip 25 and edge 31 of the module 30 prevent the 

module 30 from moving in one direction along the z-axis, the recess 27 and 

complementary tab 33 may preferably mate with each other in a manner that prevents 

movement of the module 30 relative to the frame 20 in two directions along the z-axis.  

25 At the opposite end of the process modules 30 from the tab 33, a clip structure 

35 is preferably used to further assist in retaining the process modules 30 in the 

openings 22 of the frame 20. The clip structure 35 may preferably include a slot 36 that 

may preferably be sized and shaped to receive a complementary frame tab 29 on the 

edge of the opening 22 extending along the central core 26 (see FIG. 2). Similar to 

30 recesses 27 and tabs 33 on the opposite outer edges of the openings 22, the slot 36 and 

frame tab 29 may preferably restrict movement of the module 30 in two directions 

along the z-axis.
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The clip structure 35 in which the slot 36 is located may preferably include a 

handle 37 that can be manipulated to move the slot 36 out of engagement with the 

frame tab 29 such that the process modules 30 can be removed from the openings 22 in 

the frame 20. It may be preferred that the clip structure 35 be constructed such that 

5 portion containing slot 36 be resiliently mounted to press against the frame tab 29 until 

the handle 37 is manipulated or forced in a direction towards the module tab 33 to 

release the slot 36 from engagement with the frame tab 29. The clip structure 35 may 

be molded of polymeric materials with the body of the process module 30 or the clip 

structure may be constructed of different materials (e.g., metals, etc.) from the body of 

10 the process module 30.  

The frame tabs 29 and complementary slots 36 in clip structure 35 along with 

module tabs 33 and frame recesses 27 may preferably combine to retain the process 

modules 30 within openings 22 in the frame 20. Together, these features represent one 

exemplary embodiment of mechanical interlocking structure that can be used to retain 

15 process modules in openings 22 of the frame 20. Other variations will be known to 

those skilled in the art. For example, the locations of the tabs and slots/recesses may be 

reversed, etc.  

It should be understood that in place of mechanical interlocking structures, 

alternative retention techniques may be used. One such alternative technique is 

20 depicted in FIG. 3A in which adhesive 121 is depicted between the lips 125 of the strut 

124 and complementary edges 131 of the process modules 130. The adhesive 121 may 

preferably be a pressure sensitive adhesive that allows for non-destructive removal of 

the process modules 130 from a frame (not shown). In other instances, the adhesive 

may be permanent, i.e., adapted to permanently retain the process modules 130 - with 

25 both the modules 130 and the frame (of which strut 124 is a portion) being discarded 

after use.  

The frames used in sample processing apparatus of the present invention may be 

constructed of any suitable material or materials. It may, however, be preferred that the 

frames be constructed of materials that have relatively low thermal conductivity, e.g., it 

30 may be preferred that the frames be manufactured of polymeric materials as opposed to 

metallic. In some embodiments, the frames may consist essentially of polymeric 

materials (e.g., polycarbonates, polypropylenes, polyethylenes, etc.), although such a
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frame may include a metallic hub at its center that is insert-molded into a polymeric 
structure (if helpful for mating with, e.g., spindle, etc.).  

In some instances, the frames may be designed for reuse with different process 
modules. In other instances, the frames may be designed for disposal after a single use.  

5 The attachment of process modules within a disposable frame may, in some instances, 
be permanent - i.e., require destruction of some portion of the frame and/or process 
module to separate the same after use. If designed for multiple uses, the frames may 
even, in some instances, be attached to the base plate of a processing system such as 
those described in, e.g., U.S. Patent No. 6,734,401 titled ENHANCED SAMPLE 

10 PROCESSING DEVICES SYSTEMS AND METHODS (Bedingham et al.) or U.S.  
Patent Application No. 11/174,757, titled SAMPLE PROCESSING DEVICE 
COMPRESSION SYSTEMS AND METHODS, filed on July 5, 2005.  

As discussed herein, each of the process modules used in sample processing 
apparatus of the present invention preferably include process chambers that are adapted 

15 to retain sample materials while one or more processes are performed on or using the 
sample materials. Examples of some potential processes that may be performed 
include, e.g., PCR, Sanger sequencing, etc.  

It may be preferred that the process chambers 40 in the process modules 30 
define an annular processing ring when the process modules 30 are retained in the 

20 openings 22 in the frame 20 of the sample processing apparatus 10. This concept may, 
perhaps, be best illustrated in the attached figures with reference to FIG. I where 
process chambers 40 are arranged in a manner that defines an annular processing ring 
on the apparatus.  

As seen in FIG. 1, it may be preferred that the multiple process chambers 40 on 
25 each process module 30 be arranged to form a part of a circular arc although such an 

arrangement is not required. For example, it may be possible to arrange the process 
chambers 40 on any one process module 30 in a straight line, such that, in effect, the 
process chambers 40 would define sides of an octagonal, hexagonal, pentagonal, etc.  
ring. Other arrangements may also be possible.  

30 Regardless of the precise arrangement of the process chambers 40, they are 
preferably within the boundaries of an annular processing ring with some variations 
possible within a given process module or from module to module within a given 
sample processing apparatus. In another variation, it should be understood that in some
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embodiments, not all openings 22 in the frame 20 will be populated by a process 

module 30 that includes process chambers 40. As used in connection with the present 

invention, it may be sufficient that one process module be provided that includes 

process chambers that can be used to define an annular processing ring. For example, it 

5 can be seen in FIG. 1 that one process module 30 and its associated process chambers 

40 could be sufficient to define an annular processing ring in connection with the 

present invention.  

FIGS. 4 and 5 are enlarged views of one of the process modules 30 depicted in 

connection with the sample processing apparatus 10 of FIG. 1. FIG. 4 is a view of the 

10 top surface 34 of the process module 30 and depicts the construction of process 

chambers 40 in more detail. The process chambers 40 may preferably be constructed 

as voids 42 fonned through the top surface 34 and bottom surface 32 (see FIG. 5) of the 

body of the process module 30. A first cover 44 may preferably be attached the top 

surface 34 of the process module to define the tops of the process chambers 40. On the 

15 opposite side of the process module 30 (see FIG. 5) a second cover 46 may be attached 

to the bottom surface 32 to define the bottoms of the process chambers 40.  

It may be preferred that the covers 44 and 46 used to define the process 

chambers 40 in combination with the voids 42 in the depicted embodiment of a process 

module 30 as seen in FIGS. 4 and 5 are limited to the generally the area of the annular 

20 process ring, they may not necessarily be so limited. For example, it may be possible 

that one or both of the covers 44 and 46 may extend over substantially the entire 

surface of the process module 30.  

One potential advantage of the multiple covers 44 and 46 attached to the 

surfaces 32 and 34 of the process module 30 is that covers 44 and 46 may be 

25 constructed of different materials that provide different properties. It may be preferred 

that at least one of the covers 44 and 46 defining the process chambers 40 be 

constructed of a material or materials that substantially transmit electromagnetic energy 

of selected wavelengths. For example, it may be preferred that one of the covers 44 

and 46 be constructed of a material that allows for visual or machine monitoring of 

30 fluorescence or color changes within the process chambers 40, the delivery of 

electromagnetic energy into the process chambers, etc.  

It may also be preferred that at least one of the covers 44 and 46 include a 

metallic layer, e.g., a metallic foil. If provided as a metallic foil, the cover may
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preferably include a passivation layer on the surface that faces the interior of the fluid 

structures to prevent contact between the sample materials and the metal. Such a 

passivation layer may also function as a bonding structure where it can be used in, e.g., 

hot melt bonding of polymers. As an alternative to a separate passivation layer, any 

5 adhesive layer used to attach the cover to the process module 30 may also serve as a 

passivation layer to prevent contact between the sample materials and any metals in the 

cover.  

In the illustrative embodiment of the process module depicted in FIGS. 4 and 5, 

the first cover 44 may preferably be manufactured of a polymeric film (e.g., 

10 polypropylene, polyester, polyethylene, etc.) while the cover 46 on the opposite side of 

the process module 30 may preferably include a metallic layer (e.g., a metallic foil 

layer of aluminum, etc.). In such an embodiment, the first cover 44 preferably 

transmits electromagnetic radiation of selected wavelengths, e.g., the visible spectrum, 

the ultraviolet spectrum, etc. into and/or out of the process chambers 40 while the 

15 metallic layer of the second cover 46 facilitates thermal energy transfer into and/or out 

of the process chambers 40 using thermal structures/surfaces as described in, e.g., U.S.  

Patent No. 6,734,401 titled ENHANCED SAMPLE PROCESSING DEVICES 

SYSTEMS AND METHODS (Bedingham et al.) or U.S. Patent Application No.  

11/174,757, titled SAMPLE PROCESSING DEVICE COMPRESSION SYSTEMS 

20 AND METHODS, filed on July 5, 2005.  

It may be preferred that, where the second cover 46 is selected for its thennal 

conductivity, the size of the second cover be limited such that it generally corresponds 

to the area of the annular processing ring defined by the process chambers 40. A 

potential benefit of limiting the size of a thermally conductive cover is that the amount 

25 of thermal energy transferred to areas other than the annular process ring may be 

limited. As such, the transfer of thermal energy to areas that are not occupied by 

process chambers may be limited. In contrast, although the first cover 44 is also 

depicted as being generally limited to the area of the annular processing ring, it could 

alternatively extend further without significantly degrading performance of the process 

30 module in a thermal process.  

Although some examples of materials for the covers are described above, it 

should be understood that the body of the process module and any covers attached 

thereto may be manufactured of any suitable material or materials. Examples of
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suitable materials may include, e.g., polymeric materials (e.g., polypropylene, 

polyester, polycarbonate, polyethylene, etc.), metals (e.g., metal foils), etc. The covers 

may preferably, but not necessarily, be provided in generally flat sheet-like pieces of, 

e.g., metal foil, polymeric material, multi-layer composite, etc. It may be preferred that 

5 the materials selected for the body and the covers of the disks exhibit good water 

barrier properties.  

The covers 44 and 46 may be attached to the surfaces 32 and 34 of the process 

module 30 by any suitable technique or techniques, e.g., melt bonding, adhesives, 

combinations of melt bonding and adhesives, etc. If melt bonded, it may be preferred 

10 that both the cover and the surface to which it is attached include, e.g., polypropylene 

or some other melt bondable material, to facilitate melt bonding. It may, however, be 

preferred that the covers be attached using pressure sensitive adhesive. The pressure 

sensitive adhesive may be provided in the form of a layer of pressure sensitive adhesive 

that may preferably be provided as a continuous, unbroken layer 45 or 47 between the 

15 cover 44 or 46 and the opposing surface 32 or 34 or body 39 as seen in Fig. 6.  

Examples of some potentially suitable attachment techniques, adhesives, etc. may be 

described in, e.g., U.S. Patent No. 6,734,401 titled ENHANCED SAMPLE 

PROCESSING DEVICES SYSTEMS AND METHODS (Bedingham et al.) and U.S.  

Patent Application Publication No. US 2002/0064885 titled SAMPLE PROCESSING 

20 DEVICES (Bedingham et al.).  

Pressure sensitive adhesives typically exhibit viscoelastic properties that may 

preferably allow for some movement of the covers relative to the underlying body to 

which the covers are attached. The movement may be the result of deformation of the 

annular processing ring to, e.g., conform to the shape of a thermal transfer structure as 

25 described in U.S. Patent Application No. 11/174,757, titled SAMPLE PROCESSING 

DEVICE COMPRESSION SYSTEMS AND METHODS, filed on July 5,2005 and in 

U.S. Patent Application No. 11/174,680, titled COMPLIANT MICROFLUIDIC 

SAMPLE PROCESSING DISKS, filed on July 5, 2005. In sample processing 

apparatus of the present invention, portions of the process modules and the frames may 

30 both be deformed in response to compressive forces.  

The relative movement may also be the result of different thermal expansion 

rates between the covers and the body. Regardless of the cause of the relative 

movement between covers and bodies in the process modules of the present invention,
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it may be preferred that the viscoelastic properties of the pressure sensitive adhesive 

allow the process chambers (and other fluid features of any fluid structures - if present) 

to preferably retain their fluidic integrity (i.e., they do not leak) in spite of the 

deformation.  

5 Many different pressure sensitive adhesives may potentially be used in 

connection with the present invention. One well-known technique for identifying 

pressure sensitive adhesives is the Dahlquist criterion. This criterion defines a pressure 

sensitive adhesive as an adhesive having a 1 second creep compliance of greater than 1 

x 10~6 cm 2/dyne as described in Handbook of Pressure Sensitive Adhesive Technology, 

10 Donatas Satas (Ed.), 2"' Edition, p. 172, Van Nostrand Reinhold, New York, NY, 1989.  

Alternatively, since modulus is, to a first approximation, the inverse of creep 

compliance, pressure sensitive adhesives may be defined as adhesives having a Young's 

modulus of less than 1 x 106 dynes/cm 2 . Another well known technique for identifying 

a pressure sensitive adhesive is that it is aggressively and permanently tacky at room 

15 temperature and firmly adheres to a variety of dissimilar surfaces upon mere contact 

without the need of more than finger or hand pressure, and which may be removed 

from smooth surfaces without leaving a residue as described in Test Methods for 

Pressure Sensitive Adhesive Tapes, Pressure Sensitive Tape Council, (1996). Another 

suitable definition of a suitable pressure sensitive adhesive is that it preferably has a 

20 room temperature storage modulus within the area defined by the following points as 

plotted on a graph of modulus versus frequency at 25*C: a range of moduli from 

approximately 2 x 105 to 4 x 105 dynes/cm 2 at a frequency of approximately 0.1 

radian/second (0.017 Hz), and a range of moduli from approximately 2 x 106 to 8 X 106 

dynes/cm 2 at a frequency of approximately 100 radians/second (17 Hz) (for example 

25 see FIG. 8-16 on p. 173 of Handbook of Pressure Sensitive Adhesive Technology, 

Donatas Satas (Ed.), 2 "d Edition, Van Nostrand Rheinhold, New York, 1989). Any of 

these methods of identifying a pressure sensitive adhesive may be used to identify 

potentially suitable pressure sensitive adhesives for use in the methods of the present 

invention.  

30 It may be preferred that the pressure sensitive adhesives used in connection with 

the sample processing apparatus of the present invention include materials which 

ensure that the properties of the pressure sensitive adhesive are not adversely affected 

by water. For example, the pressure sensitive adhesive will preferably not lose
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adhesion, lose cohesive strength, soften, swell, or opacify in response to exposure to 

water during sample loading and processing. Also, the pressure sensitive adhesives 

preferably do not contain any components which may be extracted into water during 

sample processing, thus possibly compromising performance.  

5 In view of these considerations, it may be preferred that the pressure sensitive 

adhesive be composed of hydrophobic materials. As such, it may be preferred that the 

pressure sensitive adhesive be composed of silicone materials. That is, the pressure 

sensitive adhesive may be selected from the class of silicone pressure sensitive 

adhesive materials, based on the combination of silicone polymers and tackifying 

10 resins, as described in, for example, "Silicone Pressure Sensitive Adhesives", 

Handbook of Pressure Sensitive Adhesive Technology, 3rd Edition, pp. 508 - 517.  

Silicone pressure sensitive adhesives are known for their hydrophobicity, their ability to 

withstand high temperatures, and their ability to bond to a variety of dissimilar 

surfaces.  

15 The composition of the pressure sensitive adhesives is preferably chosen to 

meet the stringent requirements of the present invention. Some suitable compositions 

may be described in International Publication WO 00/68336 titled SILICONE 

ADHESIVES, ARTICLES, AND METHODS (Ko et al.).  

Other suitable compositions may be based on the family of silicone-polyurea 

20 based pressure sensitive adhesives. Such compositions are described in U.S. Patent 

5,461,134 (Leir et al.); U.S. Patent 6,007,914 (Joseph et al.); International Publication 

No. WO 96/35458 (and its related U.S. Patent Application Serial Nos. 08/427,788 

(filed April 25, 1995); 08/428,934 (filed April 25, 1995); 08/588,157 (filed January 17, 

1996); and 08/588,159 (filed January 17, 1996); International Publication No. WO 

25 96/34028 (and its related U.S. Patent Application Serial Nos. 08/428,299 (filed 

April 25, 1995); 08/428,936 (filed April 25, 1995); 08/569,909 (filed December 8, 

1995); and 08/569,877 (filed December 8, 1995)); and International Publication No.  

WO 96/34029 (and its related U.S. Patent Application Serial Nos. 08/428,735 (filed 

April 25, 1995) and 08/591,205 (filed January 17, 1996)).  

30 Such pressure sensitive adhesives are based on the combination of silicone

polyurea polymers and tackifying agents. Tackifying agents can be chosen from within 

the categories of functional (reactive) and nonfunctional tackifiers as desired. The level 

of tackifying agent or agents can be varied as desired so as to impart the desired
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tackiness to the adhesive composition. For example, it may be preferred that the 

pressure sensitive adhesive composition be a tackified polydiorganosiloxane oligurea 

segmented copolymer including (a) soft polydiorganosiloxane units, hard 

polyisocyanate residue units, wherein the polyisocyanate residue is the polyisocyanate 

5 minus the -NCO groups, optionally, soft and/or hard organic polyamine units, wherein 

the residues of isocyanate units and amine units are connected by urea linkages; and (b) 

one or more tackifying agents (e.g., silicate resins, etc.).  

Furthermore, the pressure sensitive adhesive layers used in connection with the 

invention can be a single pressure sensitive adhesive or a combination or blend of two 

10 or more pressure sensitive adhesives. The pressure sensitive layers may result from 

solvent coating, screen printing, roller printing, melt extrusion coating, melt spraying, 

stripe coating, or laminating processes, for example. An adhesive layer can have a 

wide variety of thicknesses as long as it meets exhibits the above characteristics and 

properties. In order to achieve maximum bond fidelity and, if desired, to serve as a 

15 passivation layer, the adhesive layer may preferably be continuous and free from 

pinholes or porosity.  

Even though the sample processing devices may be manufactured with a 

pressure sensitive adhesive to connect the various components, e.g., covers, bodies, 

etc., together, it may be preferable to increase adhesion between the components by 

20 laminating them together under elevated heat and/or pressure to ensure firm attachment 

of the components.  

It may be preferred to use adhesives that exhibit pressure sensitive properties.  

Such adhesives may be more amenable to high volume production of sample 

processing devices since they typically do not involve the high temperature bonding 

25 processes used in melt bonding, nor do they present the handling problems inherent in 

use of liquid adhesives, solvent bonding, ultrasonic bonding, and the like.  

The adhesives are preferably selected for their ability to, e.g., adhere well to 

materials used to construct the covers and bodies to which the covers are attached, 

maintain adhesion during high and low temperature storage (e.g., about -800C to about 

30 150'C) while providing an effective barrier to sample evaporation, resist dissolution in 

water, react with the components of the sample materials used in the disks, etc. Thus, 

the type of adhesive may not be critical as long as it does not interfere (e.g., bind DNA, 

dissolve, etc.) with any processes performed in the sample processing apparatus 10.
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Preferred adhesives may include those typically used on cover films of analytical 

devices in which biological reactions are carried out. These include poly-alpha olefins 

and silicones, for example, as described in International Publication Nos. WO 00/45180 

(Ko et al.) and WO 00/68336 (Ko et al.).  

5 Furthermore, the pressure sensitive adhesive layer of the sample processing 

disks of the present invention can be a single adhesive or a combination or blend of two 

or more adhesives. The adhesive layers may result from solvent coating, screen 

printing, roller printing, melt extrusion coating, melt spraying, stripe coating, or 

laminating processes, for example. An adhesive layer can have a wide variety of 

10 thicknesses as long as it meets exhibits the above characteristics and properties. In 

order to achieve maximum bond fidelity and, if desired, to serve as a passivation layer, 

the adhesive layer may preferably be continuous and free from pinholes or porosity.  

It may be preferred that the portions of the process modules 30 and the frame 20 

located within the annular processing ring exhibit sufficient compliance such that the 

15 components within the annular processing ring can conform to the shape of an 

underlying thermal transfer surface under pressure. Compliance is preferably achieved 

with some deformation of the components in annular processing ring while maintaining 

the fluidic integrity of the process chambers 40 (i.e., without causing leaks). Such a 

compliant annular processing ring may be useful when used in connection with the 

20 methods and systems described in, e.g., U.S. Patent Application No. 11/174,757, titled 

SAMPLE PROCESSING DEVICE COMPRESSION SYSTEMS AND METHODS, 

filed on July 5, 2005.  

FIG. 6 is an enlarged cross-sectional view of the sample processing apparatus of 

FIG. I taken along line 6-6 in FIG. 1 and can be used to discuss some of the features 

25 that may contribute to compliance and thermal transfer into and/or out of the process 

chambers.  

As depicted in FIGS. 2 and 6, compliance of the annular processing ring may be 

enhanced by limiting the amount of frame material located within the annular 

processing ring. For example, the struts 24 may include ribs 21 that extend outward 

30 from the central core 26, but that terminate short of the annular processing ring as seen 

in FIGS. 2 and 6.  

In addition, compliance of the of the process modules 30 within the frame 20 

may also be enhanced by providing the process modules 30 with a composite thickness
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that is greater than the thickness of the strut 24 within the annular processing ring 

(where thickness is measured along the z-axis). As discussed herein, limiting the 

thickness of the strut 24 within the annular processing ring may also provide an 

advantage in that the cover 46 becomes the lowest component of the sample processing 

5 apparatus. For example, the covers 46 of the process modules 30 within a given frame 

20 of a sample processing apparatus may preferably define a contact plane, with the 

surface 23 of the strut 24 located above the contact plane defined by the lowermost 

surface of the covers 46.  

Although composite structures for the process modules formed using 

10 viscoelastic pressure sensitive adhesives to attach covers to the process module bodies 

may be useful to provide compliance of the annular processing rings containing the 

process chambers, further enhancement in the compliance of the annular processing 

rings may be achieved by forming the process chambers using voids formed through 

the process module body. In some embodiments, it may be preferred that the voids of 

15 the process chambers 40 occupy 50% or more of the volume of the process module 

body located within the annular processing ring defined by the process chambers 40.  

Referring to the apparatus of FIG. 1, no structure is provided to supply materials 

in the process chambers 40. It may be preferred in such an embodiment that reagents 

be located in the process chambers 40 during manufacturing of the process modules 30.  

20 Sample materials can then be delivered into the process chambers 40 by, e.g., piercing 

one of the covers 44 and 46, by attaching one of the covers after loading the process 

chambers with sample material, etc. U.S. Patent Application Publication No.  

2003/0118804, titled SAMPLE PROCESSING DEVICE WITH RESEALABLE 

PROCESS CHAMBER, published June 26, 2003 (Bedingham et al.) describes 

25 resealable process chambers that can be loaded by piercing a resealable cover.  

In other embodiments, however, it may be preferred to provide fluid structures 

that include features such as, e.g., input wells, delivery channels, loading chambers, 

multiple process chambers, vias, valves, filters, etc. Examples of such fluid structures 

(sometimes alternately referred to as process arrays) may be found in, e.g., U.S. Patent 

30 No. 6,734,401 titled ENHANCED SAMPLE PROCESSING DEVICES SYSTEMS 

AND METHODS (Bedingham et al.); U.S. Patent Application Publication No. US 

2002/0064885 titled SAMPLE PROCESSING DEVICES (Bedingham et al.); and U.S.
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Patent Application No. 11/174,680, titled COMPLIANT MICROFLUIDIC SAMPLE 

PROCESSING DISKS, filed on July 5, 2005.  

FIG. 7 depicts an alternate sample processing apparatus according to the present 

invention in which input wells 250 are provided in addition to process chambers 240 on 

5 each of the process modules 230 provided in the sample processing apparatus 210.  

Each of the input wells 250 may preferably be connected to one of the process 

chambers 240 through a delivery channel 260. As such, each set of input well 250, 

delivery channel 260, and process chamber 240 can be characterized as fluid structure 

or process array as described in the documents identified in the preceding paragraph.  

10 Another variation depicted in the sample processing apparatus of FIG. 7 is in 

the number of process modules 210 located in the frame 220. As seen, the apparatus 

210 includes only six process modules 230 as opposed to the eight modules 30 depicted 

in the sample processing apparatus 10 of FIG. 1.  

As discussed herein, it may be preferred that the sample processing apparatus of 

15 the present invention include process chambers that define an annular processing ring 

that exhibits compliance to improve thermal control over materials in the process 

chambers of the process modules. One example of how the compliant annular 

processing rings may be used in connection with the invention is depicted in connection 

with FIG. 8. A portion of a sample processing module 330 in a frame 320 according to 

20 the present invention is depicted in FIG. 8 in contact with a shaped transfer surface 306 

formed on a thermal structure 308.  

Thermal structures and their transfer surfaces may be described in more detail 

in, e.g., U.S. Patent Application No. 11/174,757, titled SAMPLE PROCESSING 

DEVICE COMPRESSION SYSTEMS AND METHODS, filed on July 5,2005.  

25 Briefly, however, the temperature of the thermal structure 308 may preferably be 

controlled by any suitable technique, with the transfer surface 306 facilitating transfer 

of thermal energy into or out of the thermal structure 308 to control the temperature of 

items such as process modules placed in contact with the transfer surface 306.  

Where the item to be thermally controlled is a process module in a sample 

30 processing apparatus, enhancement in thermal energy transfer between the thermal 

structure and the module 330 may be achieved by conforming the module 330 to the 

shape of the transfer surface 306. Where only a portion of the process module 330, 

e.g., an annular processing ring, is in contact with the transfer surface 306, it may be
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preferred that only that portion of the module 330 be deformed such that it conforms to 

the shape of the transfer surface 306.  

FIG. 8 depicts one example of such a situation in which a sample processing 

module 330 includes a body 350 having covers 370 and 380 attached thereto using 

5 adhesive (preferably pressure sensitive adhesive) layers 371 and 381 respectively. The 

covers 370 and 380 may preferably be generally limited to the area of the annular 

processing ring as described herein. The use of viscoelastic pressure sensitive adhesive 

for layers 371 and 381 may improve compliance of the annular processing ring of the 

process module 330 as is also described herein.  

10 By deforming the module 330 to conform to the shape of the transfer surface 

306 as depicted, thermal coupling efficiency between the thermal structure 308 and the 

process module 330 may be improved. Such deformation of the process module 330 

may be useful in promoting contact even if the surface of the process module 330 

facing the transfer surface 306 or the transfer surface 306 itself include irregularities 

15 that could otherwise interfere with uniform contact in the absence of deformation.  

To further promote deformation of the process module 330 to conform to the 

shape of the transfer surface 306, it may be preferred to include compression rings 302 

and 304 in a cover 300 used to provide a compressive force on the process module 330 

in connection with the transfer surface 306, such that the rings 302 and 304 contact the 

20 process module 330 - essentially spanning the annular processing ring of the process 

module 330 that faces the transfer surface 306. By limiting contact between the cover 

300 and the annular processing ring of the module 330 to rings 302 and 304, enhanced 

thermal control may be achieved because less thermal energy will be transferred 

through the limited contact area between the cover 300 and the process module 330.  

25 As seen in FIG. 8, deformation of the process module 330 may preferably 

involve deflection of the annular processing in a direction normal to the major surfaces 

of the process module 330, i.e., along the z-axis as depicted in FIG. 8 which can also be 

described as in a direction normal to the major surface of the process module 330.  

In addition to deflection or deformation of the annular processing ring portion 

30 of the process module 330, it may also be preferred that the portion or portions of the 

frame 320 spanning the annular processing ring also be deformed by the compressive 

forces that deform the process module 330. It may be preferred that the frame 

deformation be primarily elastic deformation, i.e., that after removal of the deformation



WO 2007/005854 PCT/US2006/026017 

-23

force, the frame substantially return to its pre-deformation shape. Limited deformation 

of the frame 320 within the area of the annular processing ring may be enhanced by 

terminating the reinforcing ribs (see, e.g., see reference no. 21 in FIG. 2) such that they 

do not extend into the annular processing ring where they could limit deformation of 

5 the frame and the process modules located therein.  

As used herein and in the appended claims, the singular forms "a," "and," and 

"the" include plural referents unless the context clearly dictates otherwise. Thus, for 

example, reference to "a" or "the" component may include one or more of the 

components and equivalents thereof known to those skilled in the art.  

10 All references and publications cited herein are expressly incorporated herein by 

reference in their entirety into this disclosure. Exemplary embodiments of this 

invention are discussed and reference has been made to some possible variations within 

the scope of this invention. These and other variations and modifications in the 

invention will be apparent to those skilled in the art without departing from the scope of 

15 the invention, and it should be understood that this invention is not limited to the 

exemplary embodiments set forth herein. Accordingly, the invention is to be limited 

only by the claims provided below and equivalents thereof.
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CLAIMS: 

1. A modular sample processing apparatus kit comprising: 

a frame comprising a plurality of openings arranged in an annular array around 

5 a center of the frame; 

one or more process modules adapted to be retained within one opening of the 

plurality of openings in the frame, wherein adjacent process modules loaded into 

adjacent openings are separated from each other by a radial strut of the frame, and 

wherein each process module further comprises: 

10 a module body comprising first and second major surfaces; 

a metallic foil layer attached to the second major surface of the module 

body; 

a fluid structure in the process module, the fluid structure comprising an 

input well in fluid communication with a process chamber, wherein the 

15 input well is located radially inward of the process chamber relative to the 

center of the frame 

wherein the process chamber comprises a volume defined by a void 

formed through the first and second major surfaces of the module body and 

the metallic foil layer attached to the second major surface over the void in 

20 the second major surface; 

wherein the process chambers of the one or more process modules define an 

annular processing ring of the modular sample processing apparatus when the one or 

more process modules are retained within the plurality of openings in the frame; 

and wherein each process module comprises a z-axis thickness measured in a 

25 direction normal to the first and second major surfaces of the module body that is larger 

than a z-axis thickness of the portion of each radial strut of the frame located within the 

annular processing ring.  

2. A kit according to claim I wherein, for each of the process modules, the process 

30 chambers occupy 50% or more of the volume of the portion of the module body within 

the annular processing ring.
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3. A kit according to claim 1, wherein, for each process module, the metallic foil 

layer is attached to the second major surface of the process module with a pressure 

sensitive adhesive.  

5 4. A kit according to claim 1, wherein the metallic foil layers of the one or more 

process modules occupy the annular processing ring of the modular sample processing 

device when the process modules are retained within the plurality of openings in the 

frame.  

10 5. A kit according to claim 1, wherein each process module comprises mechanical 

interlocking structure that mates with complementary structure in each opening of the 

plurality of openings in the frame.  

6. A kit according to claim 1, wherein each process module is adhesively retained 

15 in each opening of the plurality of openings in the frame.  

7. A kit according to claim 1, wherein the process chamber in each process module 

comprises a window that transmits electromagnetic energy of selected wavelengths into 

or out of the process chamber.  

20 

8. A kit according to claim 7, wherein the window comprises a polymeric layer 

adhesively attached to the first major surface of the module body over the void in the 

first major surface.  

25 9. A kit according to claim 1, wherein the process chamber in each process module 

of the one or more process modules contains a reagent, and wherein the reagents in the 

process chambers of at least two process modules are different.  

10. A kit according to claim 1, further comprising one or more blank modules each 

30 of which is adapted to be retained within one opening of the plurality of openings in the 

frame, wherein the blank modules are substantially free of reagents.
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11. A process module adapted for use in a modular sample processing apparatus 

comprising a frame with a plurality of openings arranged in an annular array around a 

center of the frame, the openings separated from each other by a radial strut, wherein 

the process module comprises: 

5 a module body comprising first and second major surfaces; 

a metallic foil layer attached to the second major surface of the module body; 

a fluid structure in the process module, the fluid structure comprising an input 

well in fluid communication with a process chamber, wherein the input well is located 

radially inward of the process chamber relative to the center of the frame; 
10 wherein the process chamber comprises a volume defined by a void formed 

through the first and second major surfaces of the module body and the metallic foil 

layer attached to the second major surface over the void in the second major surface; 

wherein the process module comprises a z-axis thickness measured in a 

direction normal to the first and second major surfaces of the module body that is larger 
15 than a z-axis thickness of the portion of each radial strut of the frame located within the 

annular processing ring.  

12. A process module according to claim 11, wherein the process chambers occupy 
50% or more of the volume of the portion of the module body within the annular 

20 processing ring.  

13. A process module according to claim 11, wherein the metallic foil layer is 
attached to the second major surface of the process module with a pressure sensitive 

adhesive.  

25 

14. A process module according to claim 11, wherein the process module comprises 

mechanical interlocking structure that mates with complementary structure in each 
opening of the plurality of openings in the frame.  

30 15. A process module according to claim 11, wherein the process module is 

adhesively retained in an opening of the plurality of openings in the frame.
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16. A process module according to claim 11, wherein the process chamber 

comprises a window that transmits electromagnetic energy of selected wavelengths into 

or out of the process chamber.  

5 17. A process module according to claim 16, wherein the window comprises a 

polymeric layer adhesively attached to the first major surface of the module body over 

the void in the first major surface.  

18. A process module according to claim 11, wherein the process chamber in the 
10 process module contains a reagent.  

19. A process module according to claim 11, wherein the process module comprises 

a plurality of process chambers, wherein each process chamber of the plurality of 

process chambers comprises a reagent located therein.  

15 

20. A method processing sample materials, the method comprising: 

providing a modular sample processing apparatus comprising a frame 

comprising a plurality of openings arranged in an annular array around a center of the 
frame and one or more process modules adapted to be retained within one opening of 

20 the plurality of openings in the frame, wherein adjacent process modules loaded into 
adjacent openings are separated from each other by a radial strut of the frame, wherein 
each process module further comprises a module body comprising first and second 
major surfaces, a metallic foil layer attached to the second major surface of the module 
body, at least one process chamber that comprises a volume defined by a void formed 

25 through the first and second major surfaces of the module body and the metallic foil 
layer attached to the second major surface over the void in the second major surface, 
wherein the process chambers of the one or more process modules define an annular 

processing ring of the modular sample processing apparatus when the one or more 

process modules are retained within the plurality of openings in the frame; 
30 providing sample material in the at least one process chamber of the one or 

more process modules; 

deforming the annular processing ring of the sample processing apparatus on a 
convex transfer surface of a thermal structure, wherein a portion of the one or more
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process modules and the frame are deflected to conform to the convex transfer surface; 

and 

rotating the sample processing apparatus about an axis of rotation while 

deforming the annular processing ring on the convex transfer surface.  
5
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