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(57) ABSTRACT 

Embodiments of the invention comprise micro?uidic 
devices, instrumentation interfacing With those devices, pro 
cesses for fabricating that device, and methods of employing 
that device to perform PCR ampli?cation. Embodiments of 
the invention are also compatible With quantitative Poly 
merase Chain Reaction (“qPCR”) processes. Micro?uidic 
devices in accordance With the invention may contain a 
plurality of parallel processing channels. Fully independent 
reactions can take place in each of the plurality of parallel 
processing channels. The availability of independent pro 
cessing channels alloWs a micro?uidic device in accordance 
With the invention to be used in a number of Ways. For 
example, separate samples could be processed in each of the 
independent processing channels. Alternatively, different 
loci on a single sample could be processed in multiple 
processing channels. 
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METHOD AND APPARATUS FOR USE IN 
TEMPERATURE CONTROLLED PROCESSING OF 

MICROFLUIDIC SAMPLES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] We claim the earlier e?fective ?ling data of co 
pending provisional application 60/668274, entitled 
“Method and Apparatus for Performing PCR in a Microf 
luidic Device”, ?led Apr. 4, 2005, Which is hereby incorpo 
rated by reference for all purposes as if set forth herein 
verbatim. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to micro?uidic pro 
cessing of biological samples and, more particularly, to 
methods and apparatuses for use in temperature controlled 
processing of biological samples in a micro?uidic device. 

[0004] 2. Description of the Related Art 

[0005] Micro?uidics refers to a set of technologies involv 
ing the ?oW of ?uids through channels having at least one 
linear interior dimension, such as depth or diameter, of less 
than 1 mm. It is possible to create microscopic equivalents 
of bench-top laboratory equipment such as beakers, pipettes, 
incubators, electrophoresis chambers, and analytical instru 
ments Within the channels of a micro?uidic device. Since it 
is also possible to combine the functions of several pieces of 
equipment on a single micro?uidic device, a single microf 
luidic device can perform a complete analysis that Would 
ordinarily require the use of several pieces of laboratory 
equipment. A micro?uidic device designed to carry out a 
complete chemical or biochemical analyses is commonly 
referred to as a micro-Total Analysis System (u-TAS) or a 
“lab-on-a chip.” 

[0006] A lab-on-a-chip type micro?uidic device, Which 
can simply be referred to as a “chip,” is typically used as a 
replaceable component, like a cartridge or cassette, Within 
an instrument. The chip and the instrument form a complete 
micro?uidic system. The instrument can be designed to 
interface With micro?uidic devices designed to perform 
different assays, giving the system broad functionality. For 
example, the commercially available Agilent 2100 Bioana 
lyZer system can be con?gured to perfonn four different 
types of assaysiDNA (deoxyribonucleic acid), RNA (ribo 
nucleic acid), protein, and cell assaysiby simply placing 
the appropriate type of chip into the instrument. 

[0007] In a typical micro?uidic system, the micro?uidic 
channels are in the interior of the chip. The instrument 
interfacing With the chip performs a variety of different 
functions: supplying the driving forces that propel ?uid 
through the channels in the chip, monitoring and controlling 
conditions (e.g., temperature) Within the chip, collecting 
signals emanating from the chip, introducing ?uids into and 
extracting ?uids out of the chip, and possibly many others. 
The instruments are typically computer controlled so that 
they can be programmed to interface With different types of 
chips and to interface With a particular chip in such a Way as 
to carry out a desired analysis. 

[0008] Micro?uidic devices designed to carry out complex 
analyses Will often have complicated netWorks of intersect 

Nov. 2, 2006 

ing channels. Performing the desired assay on such chips 
Will often involve separately controlling the ?oWs through 
certain channels, and selectively directing ?oWs through 
channel intersections. Fluid ?oW through complex intercon 
nected channel netWorks can be accomplished either by 
building microscopic pumps and valves into the chip or by 
applying a combination of extemally-generated driving 
forces to the chip. Examples of micro?uidic devices With 
pumps and valves are described in US. Pat. No. 6,408,878, 
Which represents the Work of Dr. Stephen Quake at the 
California Institute of Technology. Fluidigm Corporation of 
South San Francisco, Calif., is commercializing Dr. Quake’s 
technology. The use of multiple electrical driving forces to 
control the ?oW through complicated netWorks of intersect 
ing channels in a micro?uidic device is described in US. 
Pat. No. 6,010,607, Which represents the Work Dr. J. Michael 
Ramsey performed While at Oak Ridge National Laborato 
ries. The use of multiple pressure driving forces to control 
?oW through complicated netWorks of intersecting channels 
in a micro?uidic device is described in US. Pat. No. 
6,915,679, Which represents technology developed at Cali 
per Life Sciences, Inc. of Hopkinton, Mass. 

[0009] Lab-on-a-chip type micro?uidic devices offer a 
variety of inherent advantages over conventional laboratory 
processes such as reduced consumption of sample and 
reagents, ease of automation, large surface-to-volume ratios, 
and relatively fast reaction times. Thus, micro?uidic devices 
have the potential to perform diagnostic assays more 
quickly, reproducibly, and at a loWer cost than conventional 
devices. The advantages of applying micro?uidic technol 
ogy to diagnostic applications Were recogniZed early on in 
development of micro?uidics. In US. Pat. No. 5,587,128, 
Drs. Peter Wilding and Larry Kricka from the University of 
Pennsylvania describe a number of micro?uidic systems 
capable of performing complex diagnostic assays. For 
example, Wilding and Kricka describe micro?uidic systems 
in Which the steps of sample preparation, PCR (polymerase 
chain reaction) ampli?cation, and analyte detection are 
carried out on a single chip. 

[0010] For the most part, the application of micro?uidic 
technology to diagnostic applications has failed to reach its 
potential, so only a feW such systems are currently on the 
market. TWo of the major shortcomings of current microf 
luidic diagnostic devices relate to cost and to di?iculties in 
sample preparation. Issues related to cost arise because 
materials that are inexpensive to process into chips, such as 
many common polymers, are not necessarily chemically 
inert, thermally stable, or optically transparent enough to be 
suitable for diagnostic applications. To address the cost 
issue, technology has been developed that alloWs micro?u 
idic chips fabricated from more expensive materials to be 
reused, loWering the cost per use. See US. Published 
Application No. 2005/0019213. HoWever, When chips are 
reused, issues of cross-contamination from previously pro 
cessed samples could arise. The best solution may be to 
overcome the limitations of currently available polymer 
materials so that a chip can be manufactured inexpensively 
enough to be disposed of after a single use. 

[0011] It is an object of the present invention to employ 
micro?uidic devices for the performance of assays, such as 
PCR, that could be relevant to diagnostic applications. In 
particular, it is an object of the invention to provide methods 
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and apparatuses based on micro?uidic technology that alloW 
PCR ampli?cation and analyte detection to be performed in 
a cost-effective manner. 

[0012] These and further objects Will be more readily 
appreciated When considering the following disclosure and 
appended claims. 

SUMMARY OF THE INVENTION 

[0013] In various embodiments and aspects, the invention 
comprises a micro?uidic device, instrumentation interfacing 
With that device, processes for fabricating that device, and 
methods of employing that device. Embodiments of the 
invention provide micro?uidic devices capable of perform 
ing PCR ampli?cation. Embodiments of the invention are 
also compatible With quantitative Polymerase Chain Reac 
tion (“qPCR”) processes. 

[0014] In an illustrative embodiment, the micro?uidic 
device contains a plurality of parallel processing channels. 
Fully independent reactions can take place in each of the 
plurality of parallel processing channels. The availability of 
independent processing channels alloWs a micro?uidic 
device in accordance With the invention to be used in a 
number of Ways. For example, separate samples could be 
processed in each of the independent processing channels. 
Alternatively, different loci on a single sample could be 
processed in multiple processing channels. 

[0015] Micro?uidic devices in accordance With the inven 
tion may comprise Wells con?gured to receive the reagents 
to be used and the samples to be processed in the device. In 
order to make the micro?uidic device compatible With 
industry standard liquid handling equipment, the Wells could 
be arranged in the same pattern and With the same spacing 
as the Wells on industry standard multiWell plates. For 
example, the Wells could be arranged in the same pattern as 
the Wells on standard 96, 384, or 1536 Well microtiter plates. 
Some of the reagents to be used in the device could be stored 
in the device in dry form, so that they can be reconstituted 
through the addition of liquid When the processing of a 
sample is to take place. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention may be understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings, in Which like reference numerals 
identify like elements, and in Which: 

[0017] FIG. 1A-FIG. 1D depict a micro?uidic device in a 
?rst embodiment in accordance With one aspect of the 
present invention; 

[0018] FIG. 2A-FIG. 2D shoW alternative Well arrange 
ments for embodiments of the micro?uidic device alterna 
tive to that illustrated in FIG. 1A-FIG. 1D; 

[0019] FIG. 3A-FIG. 3C shoW alternative micro?uidic 
circuits that may be implemented With the port layout of 
FIG. 1A-FIG. 1D; 

[0020] FIG. 4A-FIG. 4B depict an instrument for use in 
automatically processing a micro?uidic device such as the 
micro?uidic device of FIG. 1A; 

[0021] FIG. 5A-FIG. 5C depict selected aspects of the 
internal Workings of the instrument of FIG. 4A-FIG. 4B. 
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[0022] FIG. 6A-FIG. 6C, FIG. 7A-FIG. 7B, and FIG. 8 
conceptually illustrate three alternative thermocyclers as 
may be employed in the instrument such as the instrument 
of FIG. 4A-FIG. 4B; 

[0023] FIG. 9 illustrates one particular embodiment of a 
controller for use in an instrument such as the instrument of 
FIG. 4A-FIG. 4B; 

[0024] FIG. 10 illustrates the operation of the present 
invention in the processing protocol in one particular 
embodiment; 
[0025] FIG. 11 illustrates the operation of the present 
invention in the processing protocol in a second particular 
embodiment; 
[0026] FIG. 12A-FIG. 12D illustrate a PCR reaction in 
the micro?uidic device of FIG. 1A-FIG. 1D employing the 
thermocycler of FIG. 6A-FIG. 6C operated as illustrated in 
FIG. 10; 

[0027] FIG. 13A-FIG. 13B depict a ?uorescent monitor 
ing as may be employed in some embodiments such as those 
embodiments using the instrument of FIG. 4A-FIG. 4B; 

[0028] FIG. 14A-FIG. 14C depict a micro?uidic device 
in accordance With the present invention in a second 
embodiment; 
[0029] FIG. 15A-FIG. 15D depict a micro?uidic device 
in accordance With the present invention in a third embodi 
ment; and 

[0030] FIG. 16 depicts a micro?uidic device in accor 
dance With the present invention in a fourth embodiment. 

[0031] While the invention is susceptible to various modi 
?cations and alternative forms, the draWings illustrate spe 
ci?c embodiments herein described in detail by Way of 
example. It should be understood, hoWever, that the descrip 
tion herein of speci?c embodiments is not intended to limit 
the invention to the particular forms disclosed, but on the 
contrary, the intention is to cover all modi?cations, equiva 
lents, and alternatives falling Within the spirit and scope of 
the invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Illustrative embodiments of the invention are 
described beloW. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It Will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation 
speci?c decisions must be made to achieve the developers’ 
speci?c goals, such as compliance With system-related and 
business-related constraints, Which Will vary from one 
implementation to another. Moreover, it Will be appreciated 
that such a development effort, even if complex and time 
consuming, Would be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 

[0033] FIG. 1A illustrates a micro?uidic device 100 in a 
?rst embodiment in accordance With one aspect of the 
present invention. The device 100 comprises a plate 106 
de?ning a plurality of Wells 103 (only one indicated) for 
holding micro?uidic samples 109 (only one indicated) or 
other ?uids such as reagents for use in the analysis per 
formed Within the micro?uidic device 100. The precise 
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number of the Wells 103 is not material to the practice of the 
invention. The Wells 103 are arranged, or laid out, in a 
pattern de?ning a heating area 112. The geometry and 
location of the heating area 112 is not material to the practice 
of the invention other than to the extent that it impacts the 
design of the heating elements, discussed further beloW. 
Consequently, the layout of the Wells 103 may vary in 
alternative embodiments. 

[0034] FIG. 1B provides an exploded vieW of the microf 
luidic device 100 shoWn in FIG. 1A. In the illustrated 
embodiment, the micro?uidic device 100 is employed as 
part of an assembly 150, Which also comprises ?rst and 
second, or “top” and “bottom,” covers 160, 163. The plate 
106 comprises a caddy 106a and a body structure 1061). The 
caddy 106a includes not only the Wells 103, but also a 
pneumatic circuit 153 and an electrical circuit 156. The 
pneumatic circuit 153 comprises a plurality of pneumatic 
surface channels (not individually indicated) in the illus 
trated embodiment. The electrical circuit 156 comprises 
embedded conductive polymer electrodes (also not individu 
ally indicated). Note that the pneumatic and electrical cir 
cuits 153, 156 may be implemented in alternative embodi 
ments in any suitable manner knoWn to the art. The body 
structure 1061) includes the micro?uidic structure of the 
micro?uidic device 100, i.e., the micro?uidic channels and 
such that are described more fully beloW. 

[0035] For present purposes, hoWever, note that the body 
structure 1061) de?nes a plurality of ports 157 (only one 
indicated) into the micro?uidic circuits (not yet shoWn) that 
align With the Wells 103, Which are formed in the caddy 
10619. In general, the ports 157 Will be relatively small, as is 
the case generally With micro?uidic devices such as the 
device 100. To ease di?iculties associated With that siZe, the 
Wells 103 of the caddy 10611 are usually signi?cantly larger. 
Thus, the Wells 103 are loaded With ?uids 109 and the ?uids 
169 are then loaded into the micro?uidic circuits Within the 
body structure 1061) through these ports 157. In such an 
embodiment, the ports into the micro?uidic circuits can be 
formed as “funnels”, With a larger opening at the surface and 
a narroWer opening into the micro?uidic circuit. The struc 
tural interface betWeen the caddy 106a and the body struc 
ture 1061) may be, for example, the same as that disclosed in 
Us. Pat. No, 6,488,897, entitled “Micro?uidic Devices and 
Systems Incorporating Cover Layers”, issued Dec. 3, 2002, 
to Caliper Technologies Corp. as assignee of the inventors 
Robert S. DubroW, et al., although others may be used. 

[0036] In the illustrated embodiment of FIG. 1A-FIG. 
1D, the caddy 106a not only provides Wells for the retention 
of samples and reagents, but also structurally supports and 
protects the body structure 1061). Traditionally, the body 
structures of micro?uidic devices are constructed of glass, 
Which can be a fragile material and caddies helped protect 
the body structure from damage. Certain embodiments may 
comprise a body structure 1061) made of glass, and the caddy 
106a Would be used in that role in those embodiments. 
HoWever, the body structure 10611 of the illustrated embodi 
ment is fabricated from plastic, as Will be discussed further 
beloW, as is the caddy 106a. 

[0037] The assembly 150 includes not only the micro?u 
idic device 100, but also ?rst and second, or “top” and 
“bottom,” covers 160, 163. The ?rst cover 160 includes 
pneumatic access ports 165 and electrical access ports 168 
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through Which a pressure (eg a vacuum) and electrical 
poWer respectively may be supplied to the pneumatic and 
electrical circuits 153, 156. The ?rst cover 160 also includes 
a cutout 170, Whose function Will be discussed beloW. As 
Will be apparent from the discussion beloW, the cutout 170 
may be omitted in some embodiments. Note that the terms 
“top” and “bottom” as used in this paragraph are de?ned 
relative to the nominal orientation of the assembly 150 in 
FIG. 1B. 

[0038] The micro?uidic device 100, ?rst cover 160, and 
second cover 163 may be assembled in any manner knoWn 
to the art. Note that the ?rst cover 160 does not provide 
access to the individual Wells 103, and is therefore 
assembled after the ?uids 109 are deposited into the Wells 
103. This may affect the techniques used in assembly in 
some embodiments. In general, the caddy 106a and body 
structure 1061) of the plate 106, the top cover 160, and the 
bottom cover 163 may be, for example, adhered or fastened 
together. In the illustrated embodiment, the caddy 106a and 
body structure 1061) are laminated together, as is the bottom 
cover 163. The structural interface betWeen the caddy 106a 
and the body structure 1061) can be that as described in 
previously cited U.S. Pat. No. 6,488,897. In disposable 
embodiments, the manner in Which the top cover 160 is 
assembled is not material, but may be taken into account in 
embodiments in Which the micro?uidic device 100 might be 
reused. 

[0039] A more detailed vieW of the ports and channels on 
body structure 1061) is shoWn in FIG. 1C. The invention 
admits Wide variation in the port layout and geometry, 
including variations in the layout of the micro?uidic chan 
nels interconnecting the ports. The micro?uidic device 100 
is intended, in the illustrated embodiment, for use in an 
analysis comprising PCR. The ports and channels on the 
body structure 1061) form a plurality of separate micro?uidic 
circuits 115 (only one indicated). 

[0040] FIG. 1D, shoWs a close-up vieW of tWo micro?u 
idic circuits 118, 118', one of Which corresponds to circuit 
115 indicated in FIG. 1C. In the embodiment shoWn in FIG. 
1D, each of the micro?uidic circuits 118, 118' comprises a 
plurality of ports 120-126 and micro?uidic channels 128. 
The micro?uidic channels 128 are actually fabricated in the 
interior of the micro?uidic device 100, more particularly in 
the interior of body structure 106b, and interconnect the 
ports 120-126 in the manner shoWn. The micro?uidic cir 
cuits 118, 118' also include reaction chambers 138. The 
enZyme 130 for the PCR is loaded in the port 120; the 
micro?uidic sample 131 (or “lysate”) is loaded in the ports 
121, 123; the dried selective ion extraction (“SIE”) buffer 
132 is loaded in the port 122; the dried primers and probes, 
i.e., the locus speci?c reagents (“LSR”), 134 are loaded in 
the ports 124, 125. Waste 136 from the PCR reaction is 
deposited in the ports 126. 

[0041] Techniques for the manufacture of micro?uidic 
ports (e.g., the ports 120-126) and channels (e.g., the chan 
nels 128) are knoWn to the art for embodiments in Which the 
body structure 1061) is fabricated from glass or plastic. These 
knoWn techniques Will be readily adaptable to the present 
invention by those in the art having the bene?t of this 
disclosure. For embodiments in Which the body structure 
1061) is fabricated from plastic, traditional manufacturing 
techniques employed in polymer processing may be used. 
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For instance, body structure 106b, or a plurality of compo 
nents that are assembled to form body structure 106b, may 
be molded and laminated, or cast and milled, or some 
combination of these techniques. This proposition also holds 
for the caddy 106a. Such manufacturing techniques are Well 
knoWn across a number of arts, and should also be readily 
adaptable to the present invention by those in the art having 
the bene?t of this disclosure. 

[0042] A variety of substrate materials may be employed 
to fabricate a micro?uidic device such as device 100 in FIG. 
lA-FIG. 1D. Typically, since some structures such as the 
grooves or trenches Will have a linear dimension of less than 
1 mm, it is desirable that the substrate material be compat 
ible With knoWn microfabrication techniques such as pho 
tolithography, Wet chemical etching, laser ablation, reactive 
ion etching (“RIE”), air abrasion techniques, injection mold 
ing, LIGA methods, metal electroforrning, or embossing. 
Another factor to consider When selecting a substrate mate 
rial is Whether the material is compatible With the full range 
of conditions to Which the micro?uidic devices may be 
exposed, including extremes of pH, temperature, salt con 
centration, and application of electric ?elds. Yet another 
factor to consider is the surface properties of the material. 

[0043] Properties of the interior channel surfaces deter 
mine hoW these surfaces chemically interact With materials 
?oWing through the channels, and those properties Will also 
affect the amount of electroosmotic ?oW that Will be gen 
erated if an electric ?eld is applied across the length of the 
channel. Techniques have been developed to either chemi 
cally treat or coat the channel surfaces so that those surfaces 
have the desired properties. Examples of processes used to 
treat or coat the surfaces of micro?uidic channels can be 
found in: 

[0044] US. Pat. No. 5,885,470, entitled “Controlled 
Fluid Transport in Microfabricated Polymeric Sub 
strates”, issued Mar. 23, 1999, to Caliper Technologies 
Corp. as assignee of the inventors John W. Parce, et al.; 

[0045] US. Pat. No. 6,841,193, entitled “Surface Coat 
ing for Micro?uidic Devices that Incorporate a 
Biopolymer Resistant Moiety”, issued Jan. 11, 2005, to 
Caliper Life Sciences, Inc. as assignee of the inventors 
Hua Yang, et al.; 

[0046] US. Pat. No. 6,409,900, entitled “Controlled 
Fluid Transport in Microfabricated Polymeric Sub 
strates”, issued Jun. 25, 2002, to Caliper Technologies 
Corp. as assignee of the inventors John W. Parce, et al.; 
and 

[0047] US. Pat. No. 6,509,059, entitled “Surface Coat 
ing for Micro?uidic Devices that Incorporate a 
Biopolymer Resistant Moiety”, issued Jan. 21, 2003, to 
Caliper Technologies Corp. as assignee of the inventors 
Hua Yang, et al. 

These patents are hereby incorporated by reference as if 
expressly set forth verbatim herein for their teachings 
regarding the treatment and/or coating of micro?uidic 
channels. Methods of bonding tWo substrates together 
to form a completed micro?uidic device are also knoWn 
in the art, for example: 

[0048] US. Pat. No. 6,425,972, entitled “Methods of 
Manufacturing Microfabricated Substrates”, issued Jul. 
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30, 2002, to Caliper Technologies Corp. as assignee of 
the inventor Richard J. McReynolds; and 

[0049] US. Pat. No. 6,555,067, entitled “Polymeric 
Structures Incorporating Microscale Fluidic Elements”, 
issued Apr. 29, 2003, to Caliper Technologies Corp. as 
assignee of the inventors Khushroo Ghandi, et al. 

These patents are hereby incorporated by reference as if 
expressly set forth verbatim herein for their teachings 
regarding the bonding and/or joining of tWo layers of 
substrates. Other techniques are knoWn and may be 
employed. 

[0050] Materials normally associated With the semicon 
ductor industry are often used as micro?uidic substrates 
since microfabrication techniques for those materials are 
Well established. Examples of those materials are glass, 
quartz, and silicon. In the case of semiconductive materials 
such as silicon, it Will often be desirable to provide an 
insulating coating or layer, e.g., silicon oxide, over the 
substrate material, particularly in those applications Where 
electric ?elds are to be applied to the device or its contents. 
The micro?uidic devices employed in the Agilent Bioana 
lyZer 2100 system are fabricated from glass or quartz 
because of the ease of microfabricating those materials and 
because those materials are generally inert in relation to 
many biological compounds. 

[0051] Micro?uidic devices can also be fabricated from 
polymeric materials such as polymethylmethacrylate 
(“PMMA”), polycarbonate, polytetra?uoroethylene (e.g., 
TEFLONTM), polyvinylchloride (“PVC”), polydimethylsi 
loxane (“PDMS”), polysulfone, polystyrene, polymethyl 
pentene, polypropylene, polyethylene, polyvinylidine ?uo 
ride, acrylonitrile-butadiene-styrene copolymer (“ABS”), 
cyclic-ole?n polymer (“COP”), and cyclic-ole?n copolymer 
(“COC”). Such polymeric substrate materials are compatible 
With a number of the microfabrication techniques described 
above. Since micro?uidic devices fabricated from polymeric 
substrates can be manufactured using loW-cost, high-volume 
processes such as injection molding, polymer micro?uidic 
devices could potentially be less expensive to manufacture 
than devices made using semiconductor fabrication technol 
ogy. Nevertheless, there are some di?iculties associated With 
the use of polymeric materials for micro?uidic devices. For 
example, the surfaces of some polymers interact With bio 
logical materials, and some polymer materials are not com 
pletely transparent to the Wavelengths of light used to excite 
or detect the ?uorescent labels commonly used to monitor 
biochemical systems. So even though micro?uidic devices 
may be fabricated from a variety of materials, there are 
tradeolfs associated With each material choice. 

[0052] Similarly, techniques for preparing and loading 
micro?uidic samples and other ?uids are also Well knoWn to 
the art and readily adaptable. Any suitable technique knoWn 
to the art for these tasks may be employed. For instance, 
sample preparation and loading can be performed manually, 
as it has been in the past. Alternatively, sample preparation 
and loading may be automated, since the illustrated embodi 
ment is designed to meet standards employed in automated 
processing of microtiter plates. In other Words, the Wells 103 
are arranged in the same manner as the Wells on standard 
format microtiter plates. That alloWs industry standard ?uid 
handling equipment to be use to add and remove ?uids from 
the Wells 103. Note that there is one manner in Which the 
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illustrated embodiment departs from those standards. In a 
standard microtiter plate, the area corresponding to the 
heating area 112 Would be occupied by Wells. In other 
Words, While a standard microtiter plate comprises a full 
rectangular array of Wells, a micro?uidic device in accor 
dance With the invention Will be missing the Wells in the 
array that Would occupy heating region 112. Thus, the 
micro?uidic device 100 Will have feWer Wells 103 than 
Would a microtiter plate meeting the same standard and 
some accommodation for this departure Will be made in 
automated handling systems. 
[0053] The invention admits variation in the con?guration 
of the micro?uidic circuits in various alternative embodi 
ments of the present invention. FIG. 2A-FIG. 2D illustrate 
several of these alternative embodiments. FIG. 2A-FIG. 2D 
schematically illustrate various methods of connecting ports 
120-125 to reaction chambers 138 in ?uid circuits such as 
118 and 118'. Note that in FIG. 1D, the channels 128 in one 
?uid circuit, e.g ?uid circuit 118, connected to four parallel 
channels that form reaction chambers 138, and then the ?uid 
path from those four channels 138 lead into port 126. In the 
interconnection arrangement shoWn in FIG. 2A, each reac 
tion chamber 138 is connected to a separate set of ports (one 
set is designated 120, 121, 124), each set of ports being 
connected by a single channel. To carry out PCR in each 
reaction chamber 138, the ?rst port 120 could contain the 
enZymes and dNTPs, the second port 121 could contain a 
DNA sample, and the third port could contain the probes and 
primers required to amplify that sample. If a ?oW of ?uid is 
established out of port 120 through ports 121 and 124, the 
?uid entering reaction chamber 138 Would contain all of the 
reagents required to PCR amplify the DNA in the sample. 
FloW could then be stopped, and reaction chamber 138 could 
be subjected to the sequence of temperatures required to 
carry out PCR ampli?cation. After ampli?cation is com 
plete, ?oW through the ?uid circuit Would be reinitiated so 
the ampli?ed product could ?oW into reservoir 126. In the 
embodiment in FIG. 2A, each of the four reaction chambers 
could be supplied With a different DNA sample, and each 
sample could be supplied with different probes and primers, 
so four completely different DNA ampli?cations could be 
carried out in parallel. FIG. 2B shoWs an alternative port 
layout. In the arrangement in FIG. 2B, common reagents, 
such enZymes and dNTPs could be placed in port 120, Which 
is connected to the four separate ?oW paths leading into the 
four reaction chambers 138. Four separate DNA samples, 
and four separate sets of probes and primers could be placed 
in ports 121 and 124. PCR ampli?cation could then be 
carried out in the same manner as described With respect to 
FIG. 2A. FIG. 2C illustrates a third embodiment in Which 
the four reaction chambers are fed With the same enZymes 
and dNTPs from reservoir 120 and the same sample from 
reservoir 121. The four distinct reservoirs 124 could contain 
probes and primers for different loci, so four different 
portions of the sample can be ampli?ed in the four reaction 
chambers 138. FIG. 2D illustrates an embodiment in Which 
the same probes and primers ?oW out of port 124 into all 
four reaction chambers 138, the same enZymes and dNTPs 
?oW out of port 120 into all four chambers, but different 
DNA samples ?oW into each of the four chambers 138 from 
the four ports 121. Other variations not shoWn are also 
possible. 
[0054] FIG. 3A-FIG. 3C illustrate hoW a single port 
layout, e.g., the port layout of the micro?uidic device 100, 
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shoWn in FIG. 1A-FIG. 1D, can be used to implement 
di?ferent micro?uidic circuits. The port layout of the microf 
luidic device 100 includes 96 micro?uidic circuits in Which 
96 reactions are performed, each With a single sample in a 
single location e.g., a reaction reservoir 138. FIG. 3A-FIG. 
3B shoW an embodiment 300 in Which the port layout 
implements a plurality of micro?uidic circuits 303, each of 
Which provides four reactions from a single sample in four 
locations. Thus, the micro?uidic device (not shoWn) Would 
provide 96 reactions over 96 locations for 24 samples, each 
sample being reacted four times in four locations. FIG. 3C 
illustrates an embodiment 330 in Which an micro?uidic 
circuit 303 provides 24 samples, each reacting in one 
location such that four micro?uidic circuits 303 Will yield 96 
reactions. 

[0055] Returning to FIG. 1A-FIG. 1B, in accordance With 
one aspect of the present invention, the electrical circuit 156 
comprises electrodes. 173a-173d constructed of an electri 
cally conductive polymer. In general, the polymer may be 
any polymer having su?icient electrical conductivity. For 
the illustrated embodiment, “su?icient” electrical conduc 
tivity is approximately 250 Q/cm. Note that this also implies 
that the material from Which the caddy 10611 is constructed 
from a material that is not electrically conductive, or is an 
electrical insulator. 

[0056] In this particular embodiment, the electrical circuit 
156 is shoWn on the surface of the caddy 106a , but this is 
not necessary to the practice of this aspect of the invention. 
The electrodes 173a-173d may be at any layer of the 
micro?uidic device 100. (Similarly, the pneumatic circuit 
153 need not be fabricated on the surface in all embodi 
ments.) Some embodiments may also ?nd if desirable to 
employ separate electrodes to each Well 103 rather than the 
four shoWn. 

[0057] The electrodes 173a-173d may be fabricated using 
any suitable technique. Exemplary techniques include co 
injection molding, insert molding, printing, or some form of 
?oW of material folloWed by some sort of curing or hard 
ening, or by loWering heat. HoWever, other techniques may 
be employed. 
[0058] Some alternative embodiments may fabricate the 
electrodes 173a-173d using a loW melt point metal, a loW 
melt point metal alloy, a stamped metal, a conductive ink, or 
a conductive gel. Still other alternative embodiments may 
employ still other materials. Note that fabrication techniques 
in these alternative embodiments Will vary depending on the 
material from Which the electrodes 173a-173d are fabri 
cated. 

[0059] The micro?uidic device 100, shoWn in FIG. 
1A-FIG. 1D, is designed for automated processing in an 
instrument 400, shoWn in FIG. 4A-FIG. 4B. As is shoWn in 
FIG. 4B, the micro?uidic device 100 is placed into a tray 
403 that extends from and retracts into the instrument 400. 
The extension and retraction of the tray 403 may be manual. 
HoWever, high precision in positioning the device 100 in the 
instrument 400 is desirable. Accordingly, most embodiments 
can use pressure sensitive servo-motor drive systems (not 
shoWn) such as are used in consumer electronics products 
like digital video disk (“DVD”.) and compact disc (“CD”) 
players. Such drive systems have additional bene?ts in the 
illustrated embodiment as Will be discussed further beloW. 

[0060] FIG. 5A-FIG. 5C illustrate selected aspects of the 
internal Workings of the instrument 400. Accordingly, the 



US 2006/0246493 A1 

housing 500 of the instrument is shown in ghosted lines. The 
drawings shoW the tray 403 holding the micro?uidic device 
100 in an extended position (in FIG. 5A) and a retracted 
position (in FIG. 5B). The instrument 400 includes a landing 
503 that de?nes a bay 506 into Which the tray 403 is 
retracted. The tray 403 is retracted into and positioned in the 
bay 506 for loading, processing, and evaluation as described 
beloW. 

[0061] The instrument 400 also includes an optical assem 
bly 512 mounted to the top 515 of the landing 503. The 
optical assembly 512 is best shoWn in FIG. 5C. An optical 
head 536 reciprocates on a pair of rails 538 betWeen tWo 
bases 540. The optical head 536 is driven on the rails 538 by 
any suitable mechanism knoWn to the art, e.g., a stepper 
motor (not shoWn). The optical assembly 512 is an optional 
feature for use in the optional ?uorescent monitoring tech 
nique discussed more fully beloW in connection With FIG. 
13A-FIG. 13B. Since the ?uorescent monitoring technique 
is optional, it may be omitted in some alternative embodi 
ments and, accordingly, so may the optical assembly 512. 

[0062] Micro?uidic devices such as the micro?uidic 
device 100 may be used in a variety of applications, includ 
ing, e.g., the performance of high throughput screening 
assays in drug discovery, immunoassays, diagnostics, 
genetic analysis, and the like. The Wells 103 and the ports 
157, shoWn in FIG. 1A, may be loaded through parallel or 
serial introduction and analysis of multiple samples. Alter 
natively, these devices may be coupled to a sample intro 
duction port, e.g., a pipettor, Which serially introduces 
multiple samples into the device for analysis. Examples of 
such sample introduction systems are described in, for 
example: 

[0063] US. Pat. 5,880,071, entitled “Electropipettor 
and Compensation Means for Electrophoretic Bias”, 
issued Mar. 9, 1999, to Caliper Technologies Corpora 
tion as assignee of the inventors J. Wallace Parce et al.; 
and 

[0064] US. Pat. 6,046,056, entitled “High Throughput 
Screening Assay Systems in Microscale Fluidic 
Devices”, issued Apr. 4, 2000, to Caliper Technologies 
Corporation as assignee of the inventors J. Wallace 
Parce et al. 

These patents are hereby incorporated by reference as if 
expressly set forth verbatim herein for their teachings 
regarding automated Well/port loading. 

[0065] Returning to FIG. 4, the instrument 400 may, in 
some embodiments, furthermore include a head (not shoWn) 
With an interface by Which the individual Wells 103 of the 
micro?uidic device 100 may be robotically loaded. Such a 
head may also be rail-mounted, and even on the rails 538. 
For instance, the optical head 536 can be stored at one 
extreme end of the rails 538 and a sample head at the other 
extreme end When not in use so as not to interfere With the 
operation of each other. The head could also carry, as a part 
of the interface, one or more structures through Which a 
electrokinetic force, such as that discussed further beloW, 
may be imparted to the micro?uidic circuits 118, 188'. For 
instance, the head could also carry structures to interface 
With the pneumatic circuit 153 and the electrical circuit 156 
through the pneumatic access ports 165 and electrical access 
ports 168. Alternatively, these functions can be performed 
manually. 
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[0066] The instrument 400 further includes a thermocycler 
530, constructed and operated in accordance With another 
aspect of the present invention, mounted to the underside 
533 of the landing 503. In general, the thermocycler-530 
operates by contacting the heating area 112 of the microf 
luidic device 100 With a series of thermal elements for a 
predetermined time to bring the temperature of the microf 
luidic samples 106 to some desired temperature and hold it 
there. The invention admits some variation in the manner in 
Which this may be achieved. FIG. 6A-FIG. 6C, FIG. 
7A-FIG. 7B, and FIG. 8 illustrate three alternative embodi 
ments for accomplishing this. 

[0067] Turning noW to FIG. 6A-FIG. 6C, a thermocycler 
53011 is shoWn. FIG. 6B is a plan, side vieW and FIG. 6C 
is a plan, end vieW from the direction of the arroWs 600', 
600", respectively, in FIG. 6A. In each of FIG. 6B and FIG. 
6C, the tray 403 is shoWn sectioned to shoW the micro?uidic 
device 100 in part. In this particular embodiment, the 
thermocycler 530a includes a plurality of temperature con 
trolled thermal elements, i.e., three bars 603, in the illus 
trated embodiment. Note that the number of bars 603 is not 
material to the present invention. HoWever, the number Will 
be implementation speci?c depending on the number of 
temperatures to Which the micro?uidic sample 106 Will be 
subjected during the processing. The thermocycler 530a also 
includes means for positioning a micro?uidic device 100 
and each of the bars 603 relative to one another in succes 
sion, i.e., a shaft 606 rotated by a drive 609 to Which the bars 
603 are mounted. Note that the bars 603 are not shoWn 
contacting the micro?uidic device 100, but that such contact 
Will be found in operation. One Way to initiate such contact 
Would be to lift the shaft 606, and thus the bars 603, using 
the drive 609. Alternatively, a lift (not shoWn) may be 
provided for the subassembly of the drive 609, shaft 606, 
and bars 603. The bars 603 may be mounted to the shaft 606 
using any technique knoWn to the art provided it suf?ces to 
overcome the forces imparted by rotation of the shaft 606. 
The magnitude of those forces Will be a function of, for 
instance, the speed of the rotation. 

[0068] FIG. 7A-FIG. 7B illustrate a second thermocycler 
53019 as may be used in the instrument 400 of FIG. 4A-FIG. 
4B. FIG. 7B is a plan, end vieW from the direction of the 
arroW 700' in FIG. 7A. In FIG. 7B, the tray 403 is shoWn 
sectioned to shoW the micro?uidic tray 100 in part. In this 
particular embodiment, the thermocycler 5301) includes a 
plurality of temperature controlled thermal elements, i.e., 
three bars 703, in the illustrated embodiment. The thermocy 
cler 5301) also includes means for positioning a micro?uidic 
device 100 and each of the bars 703 relative to one another 
in succession, i.e., a laterally sliding tray 706 in Which the 
bars 703 are mounted; a lift 709 capable of lifting the bars 
703 (With or Without the tray 706) to contact the micro?uidic 
device 100 With they bars 703; and at least one drive 712 for 
the tray 706 and the lift 709. In the illustrated embodiment, 
the lift 709 includes a dedicated drive (not shoWn). 

[0069] More particularly, the bars 703 are placed securely 
in the tray 706. The lift 709 includes a shaft 715 that 
reciprocates, as indicated by the arroW 718. The shaft 715 
operates either directly on the bars 703 extending through 
the tray 706, as shoWn in FIG. 7B, or on the bars 703 
through apertures (not shoWn) in the tray 706. The drive 712 
poWers a shaft 721 that also reciprocates, as represented by 
the arroW 724, to translate the tray 706 laterally. Thus, in 
















