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(57) ABSTRACT 

The present invention provides novel micro?uidic devices 
and methods for controlling/manipulating ?uidic materials 
in micro?uidic devices. In particular, the devices and meth 
ods of the invention create and utilize differences betWeen 
dispersion rates and/or average velocity of ?uidic materials 
in order to manipulate ?uidic materials. 
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OPTIMIZED HIGH THROUGHPUT ANALYTICAL 
SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/206,787, ?led Jul. 26, 2002, Which 
claims the bene?t of US. Provisional Patent Application No. 
60/308,368, ?led Jul. 27, 2001, both of Which are incorpo 
rated herein by reference in their entirety for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] When carrying out chemical or biochemical analy 
ses, assays, syntheses or preparations, a large number of 
separate manipulations are performed on the material(s) or 
component(s) to be assayed, including measuring, aliquot 
ting, transferring, diluting, mixing, separating, detecting, 
incubating, etc. Micro?uidic technology miniaturiZes these 
manipulations and integrates them so that they can be 
eXecuted Within one or a feW micro?uidic devices. For 
eXample, pioneering micro?uidic methods of performing 
biological assays in micro?uidic systems have been devel 
oped, such as those described by Parce et al., “High 
Throughput Screening Assay Systems in Microscale Fluidic 
Devices” US. Pat. No. 5,942,443 and Knapp et al., “Closed 
Loop Biochemical Analyzers” (WO 98/45481). 

[0003] Of particular interest in numerous applications 
utiliZing micro?uidic devices is the movement/transport of, 
e.g., samples, reagents, analytes, etc. often in discrete bands 
(or plugs). For eXample, in many experimental/assay situa 
tions it is desirous to keep plugs of different samples (e.g., 
a selection of possible enZymatic inhibitors) from diffusing 
or dispersing into one another as the samples are ?oWed 
through various regions of a micro?uidic device. This is 
especially true in high throughput systems Where muddying 
or intermingling of sample plugs can severely decrease 
throughput efficiency. 

[0004] Conversely, it is also of interest in the use of 
micro?uidic devices to move/transport ?uidic materials 
(e.g., samples, reagents, analytes, etc.) in such a Way as to, 
e.g., separate multiple materials from Within a single plug 
into various separate plugs and/or to “stretch” a particular 
sample plug into a longer, and therefore, e.g., less concen 
trated, length. 

[0005] The amount/degree of dispersion of samples, etc. in 
micro?uidic devices is in?uenced by hoW the samples, etc. 
are transported through the micro?uidic device. Fluidic 
materials (e.g., in sample plugs) are transported through 
micro?uidic devices in numerous Ways using, e.g., electro 
kinetic ?oWs (electrophoresis or electroosmosis), pressure 
(e.g., via application of a positive force or via a vacuum), 
hydrostatic forces, etc. HoWever, various ?oW regimens 
used in micro?uidic devices can lead to dispersion of plugs 
of ?uid material in the micro?uidic elements (e.g., micro 
channels). For eXample, pressure driven How can result in 
sometimes large amounts of Taylor dispersion of a ?uidic 
material. Additionally, even electroosmotic How and hydro 
static ?oW can cause small pressure gradients along a 
microchannel due to, e.g., mismatch of electroosmotic ?oW 
rates, etc. Such can lead to, e.g., dispersion even When 
?uidic materials are transported via electrokinetic methods. 
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[0006] AWelcome addition to the art Would be the ability 
to manipulate the length of sample plugs (e.g., to minimiZe 
lengthening [i.e., to keep plugs intact] and/or to maXimiZe 
lengthening [i.e., to separate miXed samples or to dilute 
samples]) as the plugs are ?oWed through a micro?uidic 
device. The current invention describes and provides these 
and other features by providing neW methods, microchan 
nels, and micro?uidic devices that meet these and other 
goals. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides methods, systems, 
microchannels, kits, and devices for controlling and manipu 
lating aliquots of ?uidic materials in micro?uidic devices. 
Fluidic materials are ?oWed through micro?uidic devices 
comprising microchannels of “regular” cross-sectional 
geometry and/or “speci?cally con?gured” cross-sectional 
geometry. The invention utiliZes differences in dispersion 
rates and/or average velocities of the ?uidic materials cre 
ated by the particular cross-sectional geometry of the chan 
nels in Which the ?uidic materials are ?oWed. 

[0008] In one aspect, the invention comprises an inte 
grated system or micro?uidic device having a body structure 
With at least one microchannel With a cross-sectional geom 
etry con?gured to manipulate a dispersion rate and/or an 
average velocity of at least one ?uidic material. Such 
integrated system or micro?uidic device further has one or 
more detection regions of the microchannel; a source(s) of 
one or more ?uidic materials coupled to the microchannel; 
?uid direction systems and a detection system proXimal to 
the detection region. Such microchannel in the system or 
device optionally has a cross-sectional geometry that 
manipulates the dispersion rate and/or the average velocity 
of the ?uidic material relative to the dispersion rate and/or 
average velocity of the same ?uidic material in a micro 
channel having a substantially rectangular cross-sectional 
geometry. In some embodiments, at least 2 ?uidic materials 
each having a dispersion rate and/or each having an average 
velocity are ?oWed through the system/device. The cross 
sectional geometry of the microchannel optionally manipu 
lates the dispersion rates and/or average velocities of such 
?uidic materials to either be the same and/or to be different 
rates/velocities (e.g., 1.25, 1.5, 1.75, 2, 3, 4, 5, or 10 times 
different, i.e., the dispersion rate and/or average velocity of 
one ?uidic material is 1.25, etc. times greater than the other). 

[0009] In other aspects, the invention comprises a method 
of manipulating a dispersion rate and/or average velocity of 
a ?uidic material in an integrated system or micro?uidic 
device by ?oWing the material through a microchannel 
Whose cross-sectional geometry is con?gured to manipulate 
the dispersion rate and/or average velocity relative to the 
dispersion rate and/or average velocity of the same ?uidic 
material in a microchannel of substantially rectangular 
cross-sectional geometry. In some embodiments, such 
method includes ?oWing at least 2 ?uidic materials through 
the microchannel, each material having a dispersion rate 
and/or average velocity. The cross-sectional geometry of the 
microchannel is optionally speci?cally con?gured to 
manipulate the dispersion rates and/or average velocities of 
the ?uidic materials to either be the same and/or to be 
different rates/velocities (e.g., one rate/velocity being 1.25, 
1.5, 1.75, 2, 3, 4, 5, or 10 times greater than the other 
rate/velocity). In some embodiments, the microchannels of 
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such systems/devices change over the length of the micro 
channels. Also such systems/devices optionally comprise 
?uid direction systems using one or more of electrokinetic 
?oW, positive pressure, negative pressure, hydrostatic pres 
sure, or Wicking forces (or a combination of such) as Well as 
optionally comprising an operably attached computer 
attached to the detection system for acquiring data and 
tracking dispersion rates and/or average velocities of the 
?uidic materials. 

[0010] In other aspects, the invention comprises a micro 
channel With one or more region Whose cross-sectional 
geometry is con?gured to manipulate the dispersion rate 
and/or average velocity of at least one ?uidic material 
relative to the dispersion rate and/or average velocity of the 
same material in a microchannel of substantially rectangular 
cross-sectional geometry. Such manipulation can be to 
increase and/or to decrease the dispersion rate and/or aver 
age velocity of the ?uidic material. In some embodiments, 
multiple ?uidic materials are ?oWed through the microchan 
nel (e.g., a ?rst ?uidic material and at least a second ?uidic 
material) each of Which has a dispersion rate and/or average 
velocity (e.g., a ?rst dispersion rate and/or average velocity 
and a second dispersion rate and/or average velocity, etc.). 
The cross-sectional geometry of the microchannel is spe 
ci?cally con?gured to optionally manipulate the ?rst dis 
persion rate and/or average velocity to be the same as the 
second dispersion rate and/or average velocity or, alterna 
tively and/or additionally, to manipulate the ?rst dispersion 
rate and/or average velocity to be different than the second 
dispersion rate and/or average velocity. The cross-sectional 
geometry of the microchannel can be con?gured so that the 
?rst dispersion rate and/or average velocity is, e. g., 1.25 , 1.5 , 
1.75 , 2, 3, 4, 5, or 10 times greater than the second dispersion 
rate and/or average velocity. 

[0011] In other aspects, the invention comprises a method 
of designing a microchannel (and/or a region(s) of a micro 
channel) comprising one or more region by selecting a 
cross-sectional geometry to manipulate the dispersion rate 
and/or average velocity of at least one ?uidic material. Such 
microchannel can be of multiple regions (e.g., a ?rst region 
and a second region) having different cross-sectional geom 
etries. Such dispersion rate and/or average velocity is 
optionally manipulated relative to the dispersion rate and/or 
average velocity of the same ?uidic material in a micro 
channel of substantially rectangular cross-sectional geom 
etry. In some embodiments such method involves a ?rst 
?uidic material (With a ?rst dispersion rate and/or average 
velocity) and at least a second ?uidic material (With a second 
dispersion rate and/or average velocity). Such method can 
comprise selecting a speci?c cross-sectional geometry of a 
region of the microchannel to either make the dispersion 
rates and/or average velocities of the tWo ?uidic materials be 
the same and/or for the dispersion rates and/or average 
velocities to be different (e. g., the ?rst dispersion rate and/or 
average velocity can be 1.25, 1.5, 1.75, 2, 3, 4, 5, or 10 times 
greater than the second). 

[0012] In yet other aspects, the invention comprises an 
integrated system or micro?uidic device for separating at 
least tWo ?uidic materials based upon a difference in the 
dispersion rate and/or average velocity of the ?uidic mate 
rials. Such integrated system or micro?uidic device com 
prises a body structure With at least one microchannel that 
causes a ?rst ?uidic material (With a ?rst dispersion rate 
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and/or average velocity) to have a different dispersion rate 
and/or average velocity than a second ?uidic material (With 
a second dispersion rate and/or average velocity). Further 
more, such microchannel has a detection region and does not 
have a separation matriX for separating the ?uidic materials. 
Additionally, the system or device has a source of the ?rst 
and second ?uidic materials (both of Which sources are 
coupled to the at least one microchannel and Which option 
ally are the same source); a ?uidic direction system to move 
the ?uidic materials Without the use of electrokinetic ?oW; 
and a detection system proXimal to the detection region. In 
some embodiments of the system/device, the dispersion rate 
and/or average velocity of the ?rst ?uidic materials is 1.25, 
1.5, 1.75, 2, 3, 4, 5, or 10 times greater than the dispersion 
rate and/or average velocity of the second ?uidic material. 
Additionally, in some embodiments, the microchannel in 
such system or device changes its cross-sectional geometry 
over the length of the microchannel. Such system or device 
also has a ?uidic direction system that uses one or more (or 
a combination of) positive pressure, negative pressure, 
hydrostatic forces, or Wicking forces. Such system or device, 
furthermore, optionally has a computer operably coupled to 
the detector system With instructions to acquire data, track 
the dispersion rates and/or average velocities of the ?uidic 
materials, etc. 

[0013] In yet other aspects, the invention comprises a 
method of separating at least tWo ?uidic materials in an 
integrated system or micro?uidic device based upon differ 
ences in dispersion rate and/or average velocity of the ?uidic 
materials. Such method comprises ?oWing a ?rst ?uidic 
material (With a corresponding ?rst dispersion rate and/or 
average velocity) and at least a second ?uidic material (With 
a corresponding second dispersion rate and/or average 
velocity) through a microchannel that does not have a 
separation matriX and Wherein the How is not via electroki 
netic force. In some embodiments, such method involves 
?oWing through microchannels Whose cross-sectional 
geometry causes the dispersion rate and/or average velocity 
of the ?rst ?uidic materials to be 1.25, 1.5, 1.75, 2, 3, 4, 5, 
or 10 times greater than the dispersion rate and/or average 
velocity of the second ?uidic material. 

BRIEF DESCRIPTION OF THE FIGURES 

[0014] FIG. 1 is a schematic cross-vieW of a microchannel 
of regular cross-sectional geometry. 

[0015] FIG. 2, panels A through H, are schematic cross 
vieWs of sample speci?cally con?gured microchannels. 

[0016] FIG. 3, panels A, B, and C, are schematic vieWs of 
optional embodiments of the invention comprising micro 
channels of various cross-sectional geometries. 

[0017] FIG. 4 is a schematic vieW of an integrated system 
comprising a micro?uidic device incorporating the elements 
of the invention. 

[0018] FIG. 5 is a graph representing separation of ?uidic 
materials in a microchannel of regular cross-sectional geom 
etry. 

[0019] FIG. 6, panels A through E, are graphs represent 
ing separation of ?uidic materials in a microchannel of 
regular cross-sectional geometry. 

[0020] FIG. 7 illustrates average particle velocity relative 
to the average ?uid velocity versus normaliZed particle siZe 
in a tWo-dimensional channel With Poiseuille ?oW. 
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DETAILED DISCUSSION OF THE INVENTION 

[0021] The methods and devices of the current invention 
directly address and solve problems associated With control 
and manipulation of aliquots of ?uidic material in microf 
luidic devices. Brie?y, the invention provides devices and 
methods for altering microchannel cross-sectional geometry 
in order to control dispersion and/or average velocity of 
various ?uidic materials (e.g., in order to separate or not to 
separate the various ?uidic materials); and separating vari 
ous ?uidic materials based upon their dispersion rates and/or 
average velocity in a “regular” cross-sectional geometry 
microchannel under non-electrokinetic ?oW. 

[0022] The methods and devices of the current invention 
used to control and manipulate aliquots of ?uidic material 
are ?exible and can be utiliZed in many different embodi 
ments of micro?uidic devices Which perform myriad assays, 
tasks, etc. The methods and devices herein can be utiliZed in 
micro?uidic devices to, e.g., maximiZe throughput time, 
When such is applicable to the assay(s) being performed. For 
example, the screening of large libraries (or extremely large 
libraries, etc) such as combinatorial libraries can be time 
consuming due to the aggregation of time requirements for 
each individual assay. While micro?uidic devices ease the 
process of such large screenings, assays that have loW 
throughput or non-optimiZed throughput can still have sub 
stantial time requirements. The combination of elements that 
constitute the methods and devices of the current invention 
cleverly alloW for optimiZing of throughput by decreasing or 
eliminating intermingling and/or spreading of sample ali 
quots, thus substantially decreasing time requirements for 
assays in micro?uidic devices. Furthermore, the methods 
and devices of the present invention alloW aliquots of mixed 
materials to be separated into their individual components in 
situations Which preclude use of, e.g., electrophoretic sepa 
ration, separation matrices (e.g., gel matrices, etc.), etc. due 
to the parameters/characteristics of the particular usage. 

[0023] The current invention differs from other, previous, 
methods and devices in numerous Ways. For example, the 
current invention utiliZes, e.g., speci?c alterations of micro 
channel cross-sectional geometry to manipulate/control dis 
persion and average velocity of ?uidic aliquots. Addition 
ally, the current invention utiliZes differences in the 
dispersion rates and/or average velocity of ?uidic materials 
in “regular” shaped microchannels to separate such materi 
als Without the use of, e.g., electrophoresis, separation 
matrices, etc. The combination of these elements alloWs for 
adjustment and modi?cation of balances betWeen the several 
elements of the invention in order to, e.g., optimiZe through 
put for the speci?c assay(s) to be performed, alloW for 
speci?c needs of particular constituents (e.g., ones that 
cannot be separated through separation matrices, etc.), etc. 

[0024] The present invention also optionally includes vari 
ous elements involved in, e.g., transporting ?uidic materials 
involved, reconstitution of dried or immobiliZed samples, 
temperature control, ?uid transport mechanisms, detection 
and quanti?cation of molecular interactions (e.g., ?uores 
cence detectors), robotic devices for, e.g., positioning of 
components or devices involved, etc. 

METHODS AND DEVICES OF THE 
INVENTION 

[0025] Manipulation/control of molecules, compounds, 
etc. in micro?uidic devices is often done Within one or more 
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microchannels (sometimes referred to herein as micro?uidic 
channels) or microreservoirs, etc. The term “micro?uidic,” 
as used herein, refers to a device component, e.g., chamber, 
channel, reservoir, or the like, that includes at least one 
cross-sectional dimension, such as depth, Width, length, 
diameter, etc., of from about 0.1 micrometer to about 500 
micrometer. Examples of micro?uidic devices are detailed 
in, e.g., US. Pat. No. 5,942,443 issued Aug. 24, 1999, 
entitled “High Throughput Screening Assay Systems in 
Microscale Fluidic Devices” to J. Wallace Parce et al. and 
US. Pat. No. 5,880,071 issued Mar. 9, 1999, entitled “Elec 
tropipettor and Compensation Means for Electrophoretic 
Bias” to J. Wallace Parce et al., both of Which are incorpo 
rated herein by reference for all purposes. 

[0026] In general, micro?uidic devices are planar in struc 
ture and are constructed from an aggregation of planar 
substrate layers Wherein the ?uidic elements, such as micro 
channels, etc., are de?ned by the interface of the various 
substrate layers. The microchannels, etc. are usually etched, 
embossed, molded, ablated, or otherWise fabricated into a 
surface of a ?rst substrate layer as grooves, depressions, or 
the like. Asecond substrate layer is subsequently overlaid on 
the ?rst substrate layer and bonded to it in order to cover the 
grooves, etc. in the ?rst layer, thus creating sealed ?uidic 
components Within the interior portion of the device. 
Optionally, either one or both substrate layer has microchan 
nels devised Within it. Such microchannels can be aligned 
one on top of another When the substrate layers are joined 
together. Such microchannels as thus constructed can be 
symmetrical (i.e., the microchannel on the ?rst substrate is 
the same shape as that of the microchannel on the second 
substrate, thus forming a symmetrical microchannel When 
the tWo substrate layers are joined, see, e.g., FIGS. 2B, E, 
and F) or such microchannels can be asymmetrical (i.e., the 
microchannel on the ?rst substrate is a different shape from 
that of the microchannel on the second substrate, thus 
forming an asymmetrical channel When the tWo substrate 

layers are joined, see, e.g., FIGS. 2A, D, G, and Additionally, open-Well elements can be formed by making 

perforations in one or more substrate layers, Which perfo 
ration optionally can correspond to depressed microreser 
voir, microchannel, etc. areas on the complementary layer. 

[0027] Manufacturing of these microscale elements into 
the surface of the substrates can be carried out through any 
number of microfabrication techniques that are Well knoWn 
in the art. For example, lithographic techniques are option 
ally employed in fabricating, e.g., glass, quartZ, or silicon 
substrates, using methods Well knoWn in the semiconductor 
manufacturing industries, such as photolithographic etching, 
plasma etching, or Wet chemical etching. Alternatively, 
micromachining methods such as laser drilling, micromill 
ing, and the like are optionally employed. Similarly, for 
polymeric substrates, Well knoWn manufacturing techniques 
may also be used. These techniques include injection mold 
ing or stamp molding methods Wherein large numbers of 
substrates are optionally produced using, e.g., rolling stamps 
to produce large sheets of microscale substrates, or polymer 
microcasting techniques Where the substrate is polymeriZed 
Within a micromachined mold. Furthermore, various com 
binations of such techniques are optionally combined to 
produce the microelements present in the current invention. 

[0028] As stated above, the substrates used to construct 
the micro?uidic devices of the invention are typically fab 
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ricated from any number of different materials, depending 
upon, e.g., the nature of the samples to be assayed, the 
speci?c reactions and/or interactions being assayed for, etc. 
For some applications, the substrate can optionally comprise 
a solid non-porous material. For example, the substrate 
layers can be composed of, e.g., silica-based materials (such 
as glass, quartZ, silicon, fused silica, or the like), polymeric 
materials or polymer coatings on materials (such as polym 
ethylmethacrylate, polycarbonate, polytetra?uoroethylene, 
polyvinylchloride, polydimethylsiloxane, polysulfone, poly 
styrene, polymethylpentene, polypropylene, polyethylene, 
polyvinylidine ?uoride, acrylonitrile-butadiene-styrene 
copolymer, parylene or the like), ceramic materials, metal 
materials, etc. 

[0029] The surface of a substrate layer may be of the same 
material as the non-surface areas of the substrate or, alter 
natively, the surface may comprise a coating on the substrate 
base. Furthermore, if the surface is coated, the coating 
optionally can cover either the entire substrate base or can 
cover select subparts of the substrate base. For example, in 
the case of glass substrates, the surface of the glass of the 
base substrate may be treated to provide surface properties 
that are compatible and/or bene?cial to one or more sample 
or reagent being used. Such treatments include derivatiZa 
tion of the glass surface, e.g., through silaniZation or the like, 
or through coating of the surface using, e.g., a thin layer of 
other material such as a polymeric or metallic material. 
DerivatiZation using silane chemistry is Well knoWn to those 
of skill in the art and can be readily employed to add, e.g., 
amine, aldehyde, or other functional groups to the surface of 
the glass substrate, depending upon the desired surface 
properties. Further, in the case of metal substrates, metals 
that are not easily corroded under potentially high salt 
conditions, applied electric ?elds, and the like are optionally 
preferred. 

[0030] Although described in terms of a layered planar 
body structure, it Will be appreciated that micro?uidic 
devices in general and the present invention in particular can 
take a variety of forms, including aggregations of various 
?uidic components such as capillary tubes, individual cham 
bers, arrangement of channel(s) etc., that are pieced together 
to provide the integrated elements of the complete device. 
For example, FIG. 3, panels A, B, and C, illustrates one of 
many possible arrangements of the elements of the present 
invention. In one such possible arrangement, as shoWn in 
FIG. 3, body structure 302 has main channels 304 and 306 
disposed therein, Which are ?uidly connected to various 
reservoirs that can optionally contain, e.g., buffer, reagents, 
etc. Channel 304 as presented in FIG. 3 comprises a 
microchannel Whose cross-sectional geometry has been spe 
ci?cally con?gured to manipulate the dispersion rate and/or 
average velocity of one or more ?uidic material ?oWed 
through the microchannel. Alternatively, only a sub-portion 
or sub-region of channel 304 is so con?gured. Channel 306 
as presented in FIG. 3 comprises a microchannel of “regu 
lar” shape, as described herein, Whose effect on the disper 
sion rate and/or average velocity of ?uidic materials ?oWed 
through the channel is used to separate such ?uidic materials 
Without the use of, e.g., separation matrices, electrophoresis, 
etc. 

[0031] The micro?uidic devices of the invention typically 
include at least one main channel (herein, as termed a 
speci?cally con?gured microchannel and/or a “regular” 
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microchannel), Where, e.g., analysis, separations, etc. are 
performed, but may include tWo or more main channels in 
order to multiplex the number of analyses being carried out 
in the micro?uidic device at any given time. Typically, a 
single device Will include from about 1 to about 100 or more 
separate main channels, Which main channel(s) are often 
ones speci?cally con?gured in cross-sectional areas and/or 
“regular” cross-sectional channels for separation as Well. In 
most cases, the main channel is intersected by at least one 
other microscale channel disposed Within the body of the 
device. Typically, the one or more additional channels are 

used, e.g., to bring the samples, test compounds, assay 
reagents, etc. into the main channel, in order to carry out the 
desired assay, separation, etc. Additionally, the main channel 
can be intersected by one or more shunt microchannels as 
Well. 

[0032] The reservoirs or Wells of micro?uidic devices 
incorporating the methods and devices of the current inven 
tion are locations at Which samples, components, reagents, 
and the like are added into the device for assays, etc. to take 
place. Introduction of these elements into the system is 
carried out as described herein. The reservoirs are typically 
placed so that the sample or reagent is added into the system 
upstream from the location at Which it is used. For example, 
a dilution buffer is added upstream from the source of a 
reagent if the sample is to be diluted before reaction With the 
reagent. Alternatively, Waste Wells or reservoirs are used to 
store samples after a reaction or assay has been completed. 
The removal of the completed samples provides space in the 
channels to load and incubate other samples. In this fashion, 
the devices of the invention are optionally used in a high 
throughput manner. The throughput is maintained by con 
tinuously loading, incubating, and unloading samples into 
and from the incubation channels of the device. 

[0033] In the present invention, a dilution buffer is typi 
cally added into a main channel upstream of a shunt channel, 
so that the increase in How rate due to the addition of buffer 
material doWnstream of its entry point may be counteracted 
by the reduction in pressure due to the shunt channel. 
Reagent materials, on the other hand, are typically added 
doWnstream of a shunt channel so that they are added after 
the doWnstream ?oW rate in the main channel has been 
reduced, so that smaller quantities of reagent are added. 

[0034] In these systems, a “capillary element” (a channel 
in Which ?uidic materials can be moved from a source to a 

microscale element) or other similar pipettor element is 
temporarily or permanently coupled to a source of ?uidic 
material. The source of the ?uidic material can be internal or 
external to the micro?uidic device comprising the capillary 
element. Example sources include microWell plates, mem 
branes, or other solid substrates comprising lyophiliZed 
components, Wells, or reservoirs in the body of the micros 
cale device itself, etc. 

[0035] For example, the source of a cell type, sample, or 
buffer can be a microWell plate external to the body structure 
of the micro?uidic device, having at least one Well With a 
sample of interest, i.e., the sample plug(s) and/or buffer 
plug(s) to be draWn into the device Will be Within the 
microWell plate. Alternatively, the ?uidic material source is 
a Well or reservoir disposed on the surface or Within the body 
of the structure of the micro?uidic device comprising a 
selected cell type, component, reagent, etc.; a container 
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external to the body structure of the micro?uidic device 
comprising at least one compartment comprising the 
selected particle type, component, reagent, etc.; or a solid 
phase structure comprising the selected cell type, reagent, 
etc. in lyophiliZed or otherWise dried form. 

[0036] Manipulation/Control of Fluidic Material Within 
Micro?uidic Devices 

[0037] The present invention provides methods and 
devices for manipulating and controlling aliquots of ?uidic 
materials in micro?uidic devices and systems by utiliZing 
(and/or changing) differences in dispersion rate and/or aver 
age velocity of different ?uidic materials as such materials 
pass through the channels of the device or system. The 
present invention is applicable to both homogeneous and 
non-homogeneous assays. 

[0038] As used herein, the term “dispersion” refers to the 
convection-induced, longitudinal dispersion of material 
Within a ?uid medium due to velocity variations across 
streamlines, e.g., in pressure driven ?oW systems, electro 
kinetically driven ?oW systems around curves and corners, 
and electrokinetically driven ?oW systems having non 
uniform buffer ionic concentrations, e.g., plugs of high and 
loW salt solutions Within the same channel system. For the 
purposes of the present invention, dispersion is generally 
de?ned as that due to the coupling betWeen How and 
molecular diffusion, i.e., Taylor dispersion. In this regime, 
the time-scale for dispersion due to convective transport is 
long or comparable to the time scale for molecular diffusion 
in the direction orthogonal to the How direction. For dis 
cussions on dispersion and Taylor dispersion in particular, 
see, e.g., Taylor et al., Proc. Roy. Soc. London, (1953) 
219A:186-203; Aris, Proc. Roy. Soc. London (1956) 
A235:67-77; ChatWin et al.,]. Fluid Mech. (1982) 120:347 
358; Doshi et al., Chem. Eng. Sci. (1978) 33:795-804; and 
Guell et al., Chem. Eng. Comm. (1987) 58:231-244, each of 
Which is incorporated herein by reference for all purposes. 
Channel design optimiZation in light of dispersion and 
diffusion of serially introduced reagents is described in 
“Methods and SoftWare for Designing Micro?uidic 
Devices,” U.S. Ser. No. 09/277,367 ?led Mar. 26, 1999, by 
ChoW et al. and in “Optimized High-Throughput Analytical 
System,” US. Ser. No. 09/233,700 ?led Jan. 19, 1999, by 
Kopf-Sill et al., Which are incorporated herein by reference 
for all purposes. For more information on dispersion as it 
relates to high throughput in micro?uidic devices, see, e.g., 
US. Pat. No. 6,150,119 issued Nov. 21, 2000, entitled 
“Optimized High-Throughput Analytical System” to A. 
Kopf-Sill et al., Which is incorporated herein by reference 
for all purposes. 

[0039] In typical micro?uidic devices ?uid is moved 
through micro-etched channels via electrokinetic ?oW (elec 
trophoresis or electroosmosis) or through the application of 
small pressure differentials. In the absence of bends in the 
channels, electrokinetically driven ?oWs do not produce 
convective dispersion. In electrokinetic ?oW, all solute mol 
ecules across the microchannel travel With the same velocity, 
hence no shear results from this motion, and therefore no 
Taylor dispersivity is produced. HoWever, pressure driven 
?oWs of small molecule ?uidic material i.e., colloidal mate 
rial (less than 1 pm) Which may include small molecular 
Weight material, through a channel (e.g., a microchannel as 
is used herein) can lead to large amounts of dispersion. This 
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is also true When a pressure gradient is produced uninten 
tionally, e.g., through the result of hydrostatic pressure 
differentials or mismatches in electrokinetic ?oW rates along 
a microchannel. The cause of such dispersion is that the 
convective velocity of the ?uidic material is loWer near the 
Walls than it is in the center of the microchannel, and thus 
a plug of ?uidic material that starts out as discrete Will 
spread out as convection proceeds in the aXial direction. 
Ultimately this convection spreading process is cut off by 
diffusion across streamlines. This results in an effective 
dispersivity “K.” For eXample, in How of a ?uidic material 
through a tube, the dispersivity in the aXial direction is given 
by 

1 (Uaf K + 
5 @3 

Where U is the average velocity in the tube, a is the tube 
radius, and D is the molecular diffusivity. See, Taylor, Proc. 
Roy. Soc. (1953) 219A:186-203. 

[0040] In a rectangular or isotropically etched channel that 
is substantially rectangular, the dispersivity is determined by 

Where d is the channel depth and W is the channel Width. The 
function f(d/W) is dependent on the aspect ratio of the 
channel. For very small (d/W) ratio, f approaches the value 
8 in a rectangular channel. See Doshi et al., Chem. Eng. Sci 
(1978) 3:795-804. 

[0041] In the microchannels of the present invention, the 
dispersion of small molecule ?uidic material is dictated by 
the Taylor-Aris dispersion mechanism, Which is an interplay 
betWeen convection and molecular diffusion. For the major 
ity of systems involving small molecule ?uidic materials, 
the Taylor dispersivity (or Taylor-Aris dispersion) is much 
greater than the molecular diffusivity, and thus the Taylor 
dispersivity predominantly controls the spread of the plug or 
band (i.e., the aliquot) of the ?uidic material. The Taylor 
Aris dispersion of a ?uidic material can be modi?ed by 
modifying the cross-sectional geometry of the conduit (e.g., 
microchannel) in Which the material ?oWs. 

[0042] The dispersion of ?uidic materials that are not 
small, e. g., cells, beads, etc., is not controlled by Taylor-Aris 
dispersion. Instead, because of their large siZe, thermal 
diffusion is negligible and their dispersion is controlled by 
convection only. Consequently, the dispersion rate of non 
BroWnian materials, e.g., cells, beads, etc., is generally 
larger than that for colloidal or BroWnian ?uidic materials 
in, e.g., microchannels. Additionally, they can ?oW at an 
average velocity different than that of the small molecule or 
BroWnian ?uidic materials. The difference in velocity is 
determined by tWo factors. First, the center of mass of larger 
non-BroWnian ?uidic materials (i.e., non-small molecules) 
is eXcluded from the region near the channel Wall (i.e., the 
sloWer ?oWing region) comparable to the radius of the 
non-small molecule materials. This factor causes the non 
small molecular non-BroWnian materials to How faster than 
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the small molecule materials in the same channel. Second, 
hydrodynamic interactions With the Wall sloW doWn the ?oW 
of the non-BroWnian materials compared to the BroWnian or 
small molecular materials in the same streamline. The 
importance of these tWo opposing factors can be controlled 
by varying the ratio of the half channel depth (h) to the 
radius of the non-BroWnian materials (r) to the half channel 
depth At very small values of (r/h), the velocity ratio of 
the non small to small molecule ?uidic materials reaches 
unity. As the ratio (r/h) increases, the velocity ratio increases 
initially and then decreases as is shoWn by Staben et al. in 
“Motion of a particle betWeen tWo parallel plane Walls in 
loW-Reynolds number Poiseuille FloW” Physics of Fluid. 
Staben et al. shoW that particles that have diameters that are 
42% of the channel depth have a maXimum average velocity 
that is greater than the average ?uid velocity; hoWever, this 
is not the case for particles that have diameters greater than 
82% of the channel depth. These large particles Were found 
to have smaller average velocities than the ?uid. See FIG. 
7 illustrating the average particle velocity relative to the 
average ?uid velocity in relation to particle siZe in a tWo 
dimensional channel With Poiseuille ?oW. While the differ 
ences in dispersion rates and/or average velocity betWeen 
small molecule ?uidic materials and non-small molecule 
?uidic materials such as cells, as outlined above, can be 
problematic in some assay situations, the current invention 
utiliZes such in the methods and devices herein to produce 
desired manipulations/controls of the ?uidic materials. 

[0043] The current invention cleverly takes advantage of 
the varying dispersion rates and/or average velocity of small 
molecule ?uidic materials (Which are governed by Taylor 
Aris dispersion) and non-small molecule ?uidic materials, 
such as cells (Which are governed solely by convection). For 
eXample, the methods and devices of the current invention 
utiliZe the above disparities to perform separations betWeen 
?uidic materials Without having to resort to use of, e.g., 
electrophoresis, gel matrices, etc. Furthermore, again, as 
illustrated in more detail beloW, the methods and devices of 
the current invention utiliZe the differences in dispersion 
rates and/or average velocity produced by changed cross 
sectional geometries of microchannels to manipulate/control 
aliquots of ?uidic material (e.g., to keep disparate ?uidic 
materials such as cells and small molecule compounds 
together in the same ?uidic plug or, conversely, to separate 
such ?uidic materials into different ?uidic plugs). 

[0044] For eXample, a micro?uidic device can be designed 
to include at least one microchannel that includes at least one 
region comprising a ?rst cross-sectional geometry along its 
length Which is shaped and dimensioned to enhance a 
dispersion of at least one of at least tWo differently siZed 
particles ?oWing in a ?uid through the microchannel such 
that the at least tWo particles have substantially the same 
average velocity in the at least one region of the microchan 
nel, as shoWn for eXample in FIGS. 2C, 2D, and 2E, Wherein 
the microchannel includes lateral Wings that are shalloWer 
than a central portion of the channel. Such a con?guration 
With shalloWer side Wings can help enhance the dispersion 
of small compounds such as test compounds, and thus 
further increase their average velocity, relative to ?oWing 
cells in the microchannel in order to substantially match the 
average velocity of the compounds relative to the average 
velocity of the cells in the microchannel. Such a cross 
sectional geometry con?guration may ?nd particular appli 
cability in high-throughput screening applications as 
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described, for eXample, in US. Pat. No. 5,942,443, Which is 
incorporated by reference herein in its entirety. In high 
throughput screening of cell-based assays as described in the 
’443 patent, the compounds (e.g., potential drug candidates) 
are brought in as discrete bands in a serial manner, and the 
throughput is dictated by hoW far apart the compound bands 
must be spaced. In cell-based assays, cells typically move at 
an average velocity and dispersion rate that is higher than 
those of the compounds. To avoid dispersion betWeen the 
compound bands, typically the bands are increased in siZe to 
ensure that some of the cells are alWays in contact With a 
given compound for a required incubation period. HoWever, 
the throughput of the system decreases With long compound 
bands. In order to substantially match the velocity and/or 
dispersion of the cells and compounds (or any other differ 
ently siZed/charged/mass species) in the microchannel, the 
cross-sectional geometry of the microchannel can be con 
?gured as described above With reference to FIGS. 2A and 
2C-E to enhance the dispersion of the small compounds 
relative to the cells so that the average velocity of the tWo 
species is substantially equal. 

[0045] On the other hand, in other applications such as 
cell-Washing, one may Want to enhance the differential 
velocities of particles or molecules (e.g., target drug com 
pounds versus cells) ?oWing doWn the microchannel. Again, 
the cross-sectional geometry of the microchannel can be 
manipulated to accomplish that goal. For eXample, a microf 
luidic device can be designed to include at least one micro 
channel that has at least one (or more) region along its length 
having a ?rst cross-sectional geometry that is shaped and 
dimensioned to enhance a differential velocity of at least one 
of at least tWo differently siZed particles ?oWing in a ?uid 
through the microchannel, such as shoWn in FIGS. 2F and 
2H, for eXample. Of course, the microchannel can further 
include at least a second region having a second cross 
sectional geometry that is dimensioned and shaped to alter 
the dispersion of at least one of the least tWo differently siZed 
particles ?oWing through the microchannel such that the 
particles have a different average velocity as they ?oW 
through the microchannel, as discussed above. 

[0046] As used herein, the term “cross-sectional geometry, 
”“channel geometry,”“geometry,” etc. is to be understood to 
optionally include the dimension/siZe of the channel (i.e., of 
the elements of the channel such as height, depth, Wall 
curvature, etc.) as Well as the layout/pattern of the channel 
(i.e., the arrangement of the elements of the channel such as 
Wall height, curvature, placement of any troughs/ridges/ 
etc.). In other Words, either or both of the dimension/siZe of 
a microchannel (or its elements) or the layout/pattern of a 
microchannel (i.e., of its elements) are included Within its 
“cross-sectional geometry” and are manipulated herein in 
order to perform the separations, etc. of the current inven 
tion. 

[0047] As used herein, some microchannels are described 
as “regular,”“non-speci?cally con?gured,”“rectangular, 
”“substantially rectangular,” or the like (e.g., the separation 
of miXed ?uidic materials in “regular” microchannels With 
out the use of electrophoresis or matrices, etc.). Such chan 
nels are typically ones similar to that illustrated in cross 
section in FIG. 1. As shoWn in FIG. 1, the microchannel has 
basically vertical sides and a horiZontal bottom With rounded 
transitions betWeen the side Walls and the bottom (i.e., depth 
d, Width 1, side transition regions of radius r as used in FIG. 
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1). Such microchannels are typically fabricated by isotropic 
etching processes as used to construct the micro?uidic 
devices of the current invention. It is to be understood that 
other similarly shaped microchannels (i.e., ones of slightly 
different character but basically the same shape) are also 
included in the preceding terms (e.g., “regular,” etc.). For 
example, the bottom of a regular microchannel can comprise 
a concave or “half-moon” shape, etc. The area of a regular 
microchannel (e.g., one as is shoWn in FIG. 1) is given by 
the equation: 

[0048] Additionally, as used herein, some microchannels 
are described as “con?gured,”“speci?cally con?gured,” etc. 
Such channels can comprise a myriad of channel shapes 
depending upon the speci?c end result desired. For eXample, 
non-limiting exemplars of speci?cally con?gured micro 
channels are shoWn in FIGS. 2A, 2C-2F, and 2H. Such 
microchannels are similar in some Ways to a “regular” 
microchannel as shoWn in FIG. 1, but contain further 
complexity in their cross-sectional geometry. While the 
regular microchannel in FIG. 1 can be produced by typical 
isotropic-etching techniques, the more complex “speci? 
cally con?gured” microchannels in FIG. 2 are optionally 
fabricated through, e.g., a double (or triple, etc.) etching 
technique. Additionally, and/or alternatively, tWo substrate 
layers can be etched (either isotropically or otherWise) and 
then placed (e.g., joined, bonded, etc.) together to form the 
microchannel. Each substrate layer can be etched in either 
the same or different geometry, thus resulting in either a 
symmetrical channel geometry (see, e.g., FIG. 2E) or an 
asymmetrical channel geometry (see, e.g., FIG. 2D). Again, 
depending upon the speci?c end result desired (e.g., mini 
miZing Taylor-Aris dispersion; separating, either quickly or 
sloWly, a plug comprising a number of miXed ?uidic mate 
rials into separate bands of single ?uidic material; keeping 
disparate types of ?uidic materials, such as, e.g., cells and 
small molecule compounds, together in the same plug; etc.), 
the cross-sectional geometry of speci?cally con?gured 
microchannels varies in different embodiments of the cur 
rent invention, and FIG. 2 represents only several of the 
many possible con?gurations of the invention. 

[0049] The cross-sectional geometry of microchannels of 
the present invention, be they regular or speci?cally con 
?gured, can change over their length. In other Words, a 
microchannel can change from, e.g., a channel as shoWn in 
FIG. 1 to, e.g., one having a perpendicular transition 
betWeen the side Walls and the bottom, or, e.g., from one as 
shoWn in FIG. 1 to any one as shoWn in FIG. 2 (or any other 
speci?cally con?gured microchannel) all depending upon 
the particular needs of the assays/systems used. 

[0050] In order to correctly manipulate/control the disper 
sion rates and/or average velocity of the ?uidic materials 
?oWed through the “regular” channels involved in the meth 
ods and devices of the current invention, the dispersivity of 
materials ?oWing in the microchannels used in the microf 
luidic devices of the current invention is determined. This is 
done by using the method of moments (see, e.g., Aris, Proc. 
Roy. Soc. (1956) 235A:67-77) to calculate the dispersivity 
for a channel of particular cross-section geometry. Such 
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process involves ?rst calculating the velocity ?eld Within the 
channel, Wherein u is the unidirectional velocity in the 
direction Z. The dimensionless velocity distribution is con 
trolled by the Poisson equation: 

Wherein the unidirection velocity is rendered dimensionless 
With respect to the characteristic velocity Uc, and all lengths 
are held dimensionless With respect to the channel depth d. 

Thus, 

Because there is no variability in the direction Z, the Lapla 
cian V*2 is the tWo-dimensional Laplacian. Once the dimen 
sionless velocity u* is determined, the average velocity in 
channel U is determined by: 

Wherein A* =A/d2. Once the above velocity is determined, it 
is used to re-normaliZe velocity u* by: 

[0051] The determination for Taylor-Aris dispersivity thus 
reduces to the simple integral: 

Wherein the function g is the solution to the folloWing 
problem: 

gum = 0. 
D. 

[0052] While the above equations are used to determine 
dispersivity in channels of regular cross-sectional geometry 
(e.g., ones such as shoWn in FIG. 1 used to, e.g., separate 
miXed ?uidic materials Without the use of electrophoresis, 
matrices or the like), by accounting for the correct cross 
sectional geometry, the equations can be adapted for use 
With microchannels of speci?cally con?gured cross-sec 
tional geometry (e.g., ones used to keep speci?c ?uidic 
materials, e.g., in the same ?uidic plug or to separate such 
into separate plugs). 
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[0053] Illustrative Examples of Sample Micro?uidic 
Device Incorporating Manipulation/Control of Aliquots of 
Fluidic Materials 

[0054] As stated previously, the use of pressure driven 
How in micro?uidic devices often leads to large amounts of 
Taylor dispersion. Furthermore, even use of electroosmotic 
?oW or hydrostatic pressure driven How can lead to occur 
rence of Taylor dispersion due to small pressure gradients 
that may arise due to mismatch of forces. The present 
invention utiliZes the dependence of Taylor-Aris dispersivity 
on a microchannel’s cross-sectional geometry to control 
(e.g., minimiZe) dispersion of materials in “speci?cally 
con?gured” micro?uidic channels. The present invention 
also cleverly takes advantage of such differences in disper 
sion and/or ?oW rate to manipulate and control aliquots of 
?uidic materials in micro?uidic devices. The present inven 
tion uses the mismatch of dispersion rates and/or average 
velocity betWeen different ?uidic materials in herein termed 
“regular” channels to alloW separation betWeen such ?uidic 
materials Without having to use, e.g., electrophoresis, sepa 
ration matrices (e.g., gel matrices), etc. Additionally, the 
present invention speci?cally con?gures the cross-sectional 
geometry of microchannels in order to take advantage of, 
and to change, differences in dispersion rate and/or average 
velocity betWeen different ?uidic materials in speci?cally 
con?gured microchannels (i.e., in microchannels Whose 
cross-sectional geometry has been speci?cally con?gured to 
achieve such desired result). 

[0055] Not only can con?guration of microchannel cross 
sectional geometry, as described herein, alloW for the sepa 
ration of different ?uidic materials based upon varying 
dispersion rates and/or average velocity, but such con?gu 
ration can also alloW non-separation of different ?uidic 
materials. In other Words, the speci?cally con?gured micro 
channels herein can alloW ?uidic materials Which Would 
normally separate (i.e., in a “regular” channel shape) in How 
due to their different dispersion/average velocity rates to 
NOT separate, and thus stay in the same “plug” or aliquot in 
a microchannel. 

[0056] By having the speci?c con?guration of a micro 
channel change over its course, myriad effects can be 
achieved. For eXample, one ?uidic material can be “Washed” 
by another ?uidic material. In such a case, e.g., cells 
(containing a speci?c receptor) and a ligand speci?c for such 
receptor can be miXed into the same aliquot and ?oWed 
through a speci?cally con?gured microchannel of the 
present invention. The speci?c con?guration of the micro 
channel thus keeps the, e.g., cells and ligand together in the 
same plug Where otherWise the cells and the ligand Would 
tend to separate into separate bands due to their different 
rates of dispersion and/or average velocity. Once the cells 
and ligand have been in each other’s presence for the 
required period of time, the miXed plug can ?oW through a 
different section of microchannel Which has been speci? 
cally con?gured to maXimiZe the differences betWeen the 
dispersion rates and/or average velocity of the tWo compo 
nents and thus separate them into different bands. Alterna 
tively, the miXed plug could be ?oWed through a “regular” 
cross-sectional geometry channel in order for the cells to be 
Washed free of the unbound ligand, again, due to differences 
betWeen the dispersion rates and/or average velocity of the 
tWo components. 
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[0057] Sample plugs (i.e., discrete aliquots of sample) 
Within micro?uidic elements of micro?uidic devices, such 
as those using the devices/methods of the current invention, 
often undergo a blurring or smearing of their original 
boundaries. Such blurring is typically caused by diffusion 
and/or dispersion of the sample plug. 

[0058] The methods and devices of the present invention 
are useful in numerous situations, for eXample, they can be 
used to maXimiZe throughput of serially introduced samples 
by preventing or reducing unWanted intermingling of ?uidic 
materials in micro?uidic devices or systems (i.e., by reduc 
ing dispersion of ?uidic plugs). The “throughput” of a 
micro?uidic device/system/channel is typically de?ned as 
the number of different materials that can be serially intro 
duced into the device/system/channel per unit time. Com 
pounds that are screened at rates greater than one compound 
per minute Within a single channel are generally termed high 
throughput, While screening of compounds at a rate greater 
than one compound per 10 seconds generally falls into the 
ultra-high throughput category. Decreasing the amount of 
unWanted intermingling of sample plugs alloWs for minimi 
Zation of spacing betWeen serially introduced materials, e. g., 
samples, thus alloWing a greater number of different mate 
rials, e.g., samples, to be serially introduced into the microf 
luidic device per unit time. The closer that plugs are able to 
be loaded, the more plugs that can be analyZed per unit time. 

[0059] Spacers and/or buffers are optionally used to keep 
samples separated and/or prevent mixing of samples. For 
eXample, a buffer is optionally loaded into a channel after 
each sample plug in order to separate samples from one 
another and prevent contamination betWeen samples. A 
sample plug includes an initial sample aliquot and any 
products produced by incubation or reaction of the initial 
sample aliquot. The buffer plugs optionally can comprise 
immiscible ?uids to decrease diffusion. Buffer plug lengths 
are calculated in the same Way as sample plug lengths, e.g., 
based on diffusivity and/or dispersion of the material. For 
eXample a buffer plug is typically 500 pm to 5 mm, 
preferably 600 pm to 3 mm or 850 pm 1 mm. The last buffer 
plug loaded or added into a channel or the device is 
optionally longer, e.g., 500 um to about 10 mm, to, e.g., 
alloW for How pinching. 

[0060] As stated previously, the elements (i.e., methods 
and devices) of the current invention can be incorporated 
into numerous micro?uidic devices that perform any number 
of different assays, tasks, etc. Whenever throughput needs to 
be optimiZed, the elements of the current invention can be 
combined and interlaced to help achieve proper (or more 
ef?cient) throughput. High throughput assays are useful in, 
e.g., diagnostic assays, genomic assays, and, in particularly 
preferred aspects, pharmaceutical screening assays. The 
various types of assays that bene?t from such systems and 
methods as are found Within the present invention are 
described generally in Published International Patent Appli 
cation Nos. 98/00231 and 98/00705, Which are incorporated 
herein by reference in their entirety for all purposes. 

[0061] Additionally, the methods and devices of the cur 
rent invention are readily incorporated into numerous 
micro?uidic devices that require manipulation/control of 
?uidic materials to, e.g., keep miXed ?uidic materials in the 
same plug(s) and/or separate plugs of miXed ?uidic mate 
rials into separate plugs (Without having to resort to use of 
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separating matrices and With or Without use of electrophore 
sis). These systems are described in numerous publications 
by the inventors and their coworkers. These include certain 
issued US. Patents, including US. Pat. Nos. 5,699,157 (J. 
Wallace Parce) issued Dec. 16, 1997, US. Pat. No. 5,779, 
868 (J. Wallace Parce et al.) issued Jul. 14, 1998, US. Pat. 
No. 5,800,690 (Calvin Y. H. ChoW et al.) issued Sep. 1, 
1998, US. Pat. No. 5,842,787 (Anne R. Kopf-Sill et al.) 
issued Dec. 1, 1998, US. Pat. No. 5,852,495 (J. Wallace 
Parce) issued Dec. 22, 1998, US. Pat. No. 5,869,004 (J. 
Wallace Parce et al.) issued Feb. 9, 1999, US. Pat. No. 
5,876,675 (Colin B. Kennedy) issued Mar. 2, 1999, US. Pat. 
No. 5,880,071 (J. Wallace Parce et al.) issued Mar. 9, 1999, 
US. Pat. No. 5,882,465 (Richard J. McReynolds) issued 
Mar. 16, 1999, US. Pat. No. 5,885,470 (J. Wallace Parce et 
al.) issued Mar. 23, 1999, US. Pat. No. 5,942,443 (J. 
Wallace Parce et al.) issued Aug. 24, 1999, US. Pat. No. 
5,948,227 (Robert S. DubroW) issued Sep. 7, 1999, US. Pat. 
No. 5,955,028 (Calvin Y. H. ChoW) issued Sep. 21, 1999, 
US. Pat. No. 5,957,579 (Anne R. Kopf-Sill et al.) issued 
Sep. 28, 1999, US. Pat. No. 5,958,203 (J. Wallace Parce et 
al.) issued Sep. 28, 1999, US. Pat. No. 5,958,694 (Theo T. 
Nikiforov) issued Sep. 28, 1999, US. Pat. No. 5,959,291 
(Morten J. Jensen) issued Sep. 28, 1999, US. Pat. No. 
5,964,995 (Theo T. Nikiforov et al.) issued Oct. 12, 1999, 
US. Pat. No. 5,965,001 (Calvin Y. H. ChoW et al.) issued 
Oct. 12, 1999, US. Pat. No. 5,965,410 (Calvin Y. H. ChoW 
et al.) issued Oct. 12, 1999, US. Pat. No. 5,972,187 (J. 
Wallace Parce et al.) issued Oct. 26, 1999, US. Pat. No. 
5,976,336 (Robert S. DubroW et al.) issued Nov. 2, 1999, 
US. Pat. No. 5,989,402 (Calvin Y. H. ChoW et al.) issued 
Nov. 23, 1999, US. Pat. No. 6,001,231 (Anne R. Kopf-Sill) 
issued Dec. 14, 1999, US. Pat. No. 6,011,252 (Morten J. 
Jensen) issued Jan. 4, 2000, US. Pat. No. 6,012,902 (J. 
Wallace Parce) issued Jan. 11, 2000, US. Pat. No. 6,042,709 
(J. Wallace Parce et al.) issued Mar. 28, 2000, US. Pat. No. 
6,042,710 (Robert S. DubroW) issued Mar. 28, 2000, US. 
Pat. No. 6,046,056 (J. Wallace Parce et al.) issued Apr. 4, 
2000, US. Pat. No. 6,048,498 (Colin B. Kennedy) issued 
Apr. 11, 2000, US. Pat. No. 6,068,752 (Robert S. DubroW 
et al.) issued May 30, 2000, US. Pat. No. 6,071,478 (Calvin 
Y H. ChoW) issued Jun. 6, 2000, US. Pat. No. 6,074,725 
(Colin B. Kennedy) issued Jun. 13, 2000, US. Pat. No. 
6,080,295 (J. Wallace Parce et al.) issued Jun. 27, 2000, US. 
Pat. No. 6,086,740 (Colin B. Kennedy) issued Jul. 11, 2000, 
US. Pat. No. 6,086,825 (Steven A. Sundberg et al.) issued 
Jul. 11, 2000, US. Pat. No. 6,090,251 (Steven A. Sundberg 
et al.) issued Jul. 18, 2000, US. Pat. No. 6,100,541 (Robert 
Nagle et al.) issued Aug. 8, 2000, US. Pat. No. 6,107,044 
(Theo T. Nikiforov) issued Aug. 22, 2000, US. Pat. No. 
6,123,798 (Khushroo Gandhi et al.) issued Sep. 26, 2000, 
US. Pat. No. 6,129,826 (Theo T. Nikiforov et al.) issued 
Aug. 10, 2000, US. Pat. No. 6,132,685 (Joseph E. Kersco et 
al.) issued Oct. 17, 2000, US. Pat. No. 6,148,508 (Jeffrey A. 
Wolk) issued Nov. 21, 2000, US. Pat. No. 6,149,787 
(Andrea W. ChoW et al.) issued Nov. 21, 2000, US. Pat. No. 
6,149,870 (J. Wallace Parce et al.) issued Nov. 21, 2000, 
US. Pat. No. 6,150,119 (Anne R. Kopf-Sill et al.) issued 
Nov. 21, 2000, US. Pat. No. 6,150,180 (J. Wallace Parce et 
al.) issued Nov. 21, 2000, US. Pat. No. 6,153,073 (Robert 
S. DubroW et al.) issued Nov. 28, 2000, US. Pat. No. 
6,156,181 (J. Wallace Parce et al.) issued Dec 5, 2000, US. 
Pat. No. 6,167,910 (CalvinY. H. ChoW) issued Jan. 2, 2001, 
US. Pat. No. 6,171,067 (J. Wallace Parce) issued Jan. 9, 
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2001, US. Pat. No. 6,171,850 (Robert Nagle et al.) issued 
Jan. 9, 2001, US. Pat. No. 6,172,353 (Morten J. Jensen) 
issued Jan. 9, 2001, US. Pat. No. 6,174,675 (Calvin Y. H. 
ChoW et al.) issued Jan. 16, 2001, US. Pat. No. 6,182,733 
(Richard J. McReynolds) issued Feb. 6, 2001, US. Pat. No. 
6,186,660 (Anne R. Kopf-Sill et al.) issued Feb. 13, 2001, 
US. Pat. No. 6,221,226 (Anne R. Kopf-Sill) issued Apr. 24, 
2001, US. Pat. No. 6,233,048 (J. Wallace Parce) issued May 
15, 2001, US. Pat. No. 6,235,175 (Robert S. DubroW et al.) 
issued May 22, 2001, US. Pat. No. 6,235,471 (Michael 
Knapp et al.) issued May 22, 2001, and US. Pat. No. 
6,238,538 (J. Wallace Parce et al.) issued May 29, 2001. 

[0062] These systems are also described in various PCT 
applications by the inventors including, e.g., WO 98/00231, 
WO 98/00705, WO 98/00707, WO 98/02728, WO 
98/05424, WO 98/22811, WO 98/45481, WO 98/45929, 
WO 98/46438, and WO 98/49548, WO 98/55852, WO 
98/56505, WO 98/56956, WO 99/00649, WO 99/10735, 
WO 99/12016, WO 99/16162, WO 99/19056, WO 
99/19516, WO 99/29497, WO 99/31495, WO 99/34205, 
WO 99/43432, WO 99/44217, WO 99/56954, WO 
99/64836, WO 99/64840, WO 99/64848, WO 99/67639, 
WO 00/07026, WO 00/09753, WO 00/10015, WO 
00/21666, WO 00/22424, WO 00/26657, WO 00/42212, 
WO 00/43766, WO 00/45172, WO 00/46594, WO 
00/50172, WO 00/50642, WO 00/58719, WO 00/60108, 
WO 00/70080, WO 00/70353, WO 00/72016, WO 
00/73799, WO 00/78454, WO 01/02850, WO 01/14865, 
WO 01/17797, and WO 01/27253. 

[0063] FIG. 3 illustrates one non-limiting eXample of a 
micro?uidic device that incorporates methods and devices of 
the present invention. The micro?uidic device as shoWn in 
FIG. 3 comprises body structure 302, in Which are disposed 
various microchannels, reservoirs, etc. Speci?cally, channel 
306 comprises a regular cross-sectional geometry (as 
described herein). Channel 304 comprises a channel of 
speci?cally con?gured cross-sectional geometry (as 
described herein), see, e.g., FIG. 2A-H for non-limiting 
eXamples of speci?cally con?gured microchannels. Both 
channel 304 and 306 are ?uidly coupled to channel 324, 
Which is optionally connected to capillary element 320, 
Which accesses samples, etc. that are stored, e.g., outside of 
the device in, e.g., a microWell plate or the like. For 
eXample, capillary element 320 can access a microWell plate 
(or even numerous microWell plates provided in, e.g., a 
robotic armature) that contain a number of putative phar 
maceutical compounds to be screened Within the micro?u 
idic device. 

[0064] The ?uidic material (or, more typically, the mixture 
of ?uidic materials) in channel 324 is neXt miXed With, e.g., 
a buffer in order to, e.g., dilute the sample to a proper 
concentration for the necessary assays/reactions to occur 
and/or to help dilute unWanted sample storage materials 
such as DMSO. To accomplish such, in FIG. 3, a quantity 
of buffer is ?oWed into channel 324 from, e.g., buffer 
reservoir 310. Alternatively, additional ?uidic materials in 
place of, or in addition to, buffers are optionally ?oWed into 
channel 324 from, e.g., reservoir(s) 308, 310, 312, or 314. 

[0065] The ?uidic material (or, again, more typically the 
mixture of ?uidic materials) then is ?oWed from channel 324 
into either (or both) channel 304 or 306. In channel 304 the 
?uidic materials are manipulated/controlled by having their 
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dispersion rates and/or average velocity changed because of 
the speci?cally con?gured cross-sectional geometry of the 
microchannel (see, supra). The manipulation can entail, e.g., 
keeping the ?uidic materials together in the same plug, 
separating mixed ?uidic materials into separate plugs, etc. 
The ?uidic materials in channel 304 are optionally ?oWed 
via any of the ?uid transport mechanisms as described 
herein (e.g., electrokinetic ?oW, pressure driven ?oW, etc.). 
Although not displayed in FIG. 3, it Will be appreciated that 
once mixed ?uidic materials are separated into distinct 
plugs, such plugs can be analyZed, moved, considered, etc. 
separately of one another. Furthermore, it Will also be 
appreciated that the cross-sectional geometry of channel 304 
can change over the length of the channel, thereby producing 
different dispersion rates and/or average velocities at differ 
ent locations along its length for the ?uidic materials that are 
?oWed through it. 

[0066] Alternatively, or in addition, to the above, the 
?uidic materials in channel 324 can be ?oWed into channel 
306 (i.e., the microchannel of regular cross-sectional geom 
etry). As detailed above, channels of the invention such as 
306, have a “regular” pro?le that is used to separate ?uidic 
materials based upon their differing dispersion rates and/or 
average velocities Within the channel Without the use of 
other means of separation such as electrophoresis, separa 
tion matrices, etc. 

[0067] Anice demonstration of separation of ?uidic mate 
rials as occurs in channels such as 306 Was demonstrated by 
the folloWing experiment. Mixtures of various ?uidic mate 
rials (as detailed beloW) Were ?oWed through a micro?uidic 
device comprising microchannels of regular cross-sectional 
geometry (as described herein) and the resulting separation 
of the various ?uidic materials due to the differences in their 
dispersion rates and/or average velocity Was detected via 
?uorescence. 

[0068] In one experiment, mixtures of ?uorescein (at 0.5 
micromolar) and 6 micrometer diameter latex beads in a cell 
buffer containing 0.1 % BSA Were aspirated into a 60-90 
micrometer Wide by 20 micrometer deep microchannel of 
regular cross-sectional geometry and ?oWed under negative 
0.25 psi through the micro?uidic device. The resulting 
separation is displayed in FIG. 5. The mixture Was ?oWed 
in 10-second pulses into the channel. The transit time of the 
?uorescein Was 55 seconds, While the transit time of the 
latex beads Was 33 seconds. This conforms to the above 
described properties of How of separation of molecules by 
How through channels of regular cross-sectional geometry 
(see, above). In other Words, the larger beads, since their 
How Was governed solely by convection, ?oWed through the 
channel faster than the small molecule ?uorescein, Which 
Was subject to Taylor-Aris dispersion. 

[0069] In another experiment demonstrating the methods 
and devices of the current invention, Jurkat cells Were 
separated from ?uorescein labeled monoclonal antibodies. 
See FIGS. 6A through 6E. In FIG. 6A, ?uorescein labeled 
monoclonal antibodies at a 1/50 dilution of a 0.5 mg/ml 
solution, speci?c for MHC-II antigens (Ancell Corp., Bay 
port, Minn.), Were ?oWed through a similar microchannel 
and in a similar fashion as for the above latex bead ?oW 
experiment. 

[0070] FIG. 6B shoWs separation of Jurkat cells associ 
ated With ?uorescein labeled anti-MHC-II antibodies 

Mar. 23, 2006 

(Ancell Corp, Bayport, Minn.) at a 1/25 dilution of a 0.5 
mg/ml solution, from unassociated ?uorescein labeled anti 
MHC-II antibodies, again, based upon their differing dis 
persion rates and/or average velocity. The Jurkat cells, Which 
have approximately 200,000 MHC-II antigens on their cell 
surface, Were present at a concentration of 5><106 per milli 
liter and the mixture Was pulsed through the regular cross 
sectional geometry microchannel in 10 second pulses. The 
graph of FIG. 6B shoWs the peaks of the Jurkat+labeled 
antibody ?oWing ahead of unbound labeled antibodies. A 
similar run is shoWn in FIG. 6c only utiliZing a labeled 
antibody against CD3 antigen (Ancell, Corp., Bayport, 
Minn.) at a 1/25 dilution of a 0.5 mg/ml solution, on the 
Jurkat cells (Jurkat cells having approximately 30,000 CD3 
antigens present on their cell surface). Again, the Jurkat+ 
labeled antibodies ?oW ahead of the unbound labeled anti 
bodies. 

[0071] FIG. 6D illustrates a control experiment utiliZing 
the same general parameters as those for the experiments 
displayed in FIGS. 6B and 6C, hoWever, using anti-CD8 
labeled antibodies (Ancell Corp.) at a 1/25 dilution of a 0.2 
mg/ml solution. Because Jurkat cells do not display CD8 
antigen, no cell+antibody complexes Were formed Which 
Would have separated due to their different dispersion/ 
average velocity rate. 

[0072] FIG. 6E illustrates another control experiment 
Wherein, under similar conditions as for the experiment in 
FIG. 6C, Jurkat cells Were ?oWed With labeled anti-CD3 
antibodies. HoWever, in this case, the pulses of mixed cells 
and antibodies (i.e., the amount of time such mixture Was 
?oWed into the microchannel) Was 100 seconds instead of 10 
seconds. Because there Was no “space” (e.g., a buffer plug 
betWeen the pulses), the separation of cells+antibodies from 
unlabeled antibodies due to their different dispersion/aver 
age velocity cannot be discerned. 

[0073] The above examples, illustrate that the methods 
and devices of the current invention are easily adaptable to 
many different experimental situations and can be adapted to 
many different uses (e.g., separation of many different 
components of mixed samples, Washing of compounds, 
minimiZation of sample plug dispersion, keeping compo 
nents of different types (e.g., cells and labeled antibodies) 
together in the same ?uidic plug, etc.). 

INTEGRATED SYSTEMS, METHODS AND 
MICROFLUIDIC DEVICES OF THE 

INVENTION 

[0074] The micro?uidic devices of the invention can 
include numerous optional variant embodiments including 
methods and devices for, e.g., ?uid transport, temperature 
control, detection and the like. 

[0075] As used herein, the term “micro?uidic device” 
refers to a system or device having ?uidic conduits or 
chambers that are generally fabricated at the micron to 
sub-micron scale, e.g., typically having at least one cross 
sectional dimension in the range of from about 0. I microme 
ter to about 500 micrometer. The micro?uidic system of the 
current invention is fabricated from materials that are com 
patible With the conditions present in the speci?c experi 
ments and/or separations to be performed on the speci?c 
samples, reagents, etc. under examination, etc. Such condi 
tions include, but are not limited to, pH, temperature, ionic 
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concentration, pressure, and application of electrical ?elds. 
The materials of the device are also chosen for their inert 
ness to components of the experiments to be carried out in 
the device. Such materials include, but are not limited to, 
glass, quartZ, silicon, and polymeric substrates, e. g., plastics, 
depending on the intended application. 

[0076] Although the devices and systems speci?cally 
illustrated herein are generally described in terms of the 
performance of a feW operations, or of one particular opera 
tion, it Will be readily appreciated from this disclosure that 
the ?exibility of these systems permits easy integration of 
additional operations into these devices. For example, the 
devices and systems described Will optionally include struc 
tures, reagents and systems for performing virtually any 
number of operations both upstream and doWnstream from 
the operations speci?cally described herein (e.g., upstream 
and/or doWnstream of separation of ?uidic materials as 
described herein, etc.). Such upstream operations include 
such operations as sample handling and preparation, e.g., 
extraction, puri?cation, ampli?cation, cellular activation, 
labeling reactions, dilution, aliquotting, and the like. Simi 
larly, doWnstream operations optionally include similar 
operations, including, e.g., further separation of sample 
components, labeling of components, assays and detection 
operations, electrokinetic or pressure-based injection of 
components or the like. 

[0077] The micro?uidic devices of the present invention 
can include other features of microscale systems, such as 
?uid transport systems that direct particle/?uid movement 
Within and to the micro?uidic devices as Well as the How of 
?uids to and through various channels or regions, etc. 
Various combinations of ?uid ?oW mechanisms can be 
utiliZed in embodiments of the present invention. Addition 
ally, various types of ?uid ?oW mechanisms can be utiliZed 
in separate areas of micro?uidic devices of the invention. 
For example, separation of ?uidic materials can be carried 
out in non-manipulated microchannels (i.e., regular micro 
channels) using the methods of the invention and utiliZing 
non-electrokinetic ?uid ?oW. While in areas of the same 
micro?uidic device Which are not used for separation (or for 
other types of separation, e.g., in manipulated, or speci? 
cally con?gured, microchannels) of ?uidic material using 
the methods of the invention can utiliZe electrokinetic ?uid 
?oW. FloW of ?uidic components such as reagents, etc., can 
incorporate any movement mechanism set forth herein (e.g., 
?uid pressure sources for modulating ?uid pressure in 
microchannels/micro-reservoirs/etc.; electrokinetic control 
lers for modulating voltage or current in microchannels/ 
micro-reservoirs/etc.; gravity ?oW modulators; magnetic 
control elements for modulating a magnetic ?eld Within the 
micro?uidic device; use of hydrostatic, capillary, or Wicking 
forces; or combinations thereof). 

[0078] The micro?uidic devices of the invention can also 
include ?uid manipulation elements such as parallel stream 
?uidic converters, i.e., converters that facilitate conversion 
of at least one serial stream of reagents into parallel streams 
of reagents for parallel delivery to a reaction site or reaction 
sites Within the device. The systems herein optionally 
include mechanisms such as valve manifolds and a plurality 
of solenoid valves to control How sWitching, e.g., betWeen 
channels and/or to control pressure/vacuum levels in the, 
e.g., microchannels. Additionally, molecules, etc. are option 
ally loaded into one or more channels of a micro?uidic 
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device through one sipper capillary ?uidly coupled to each 
of one or more channels and to a sample or particle source, 
such as a microWell plate. 

[0079] In the present invention, materials such as cells, 
proteins, antibodies, enZymes, substrates, buffers, or the like 
are optionally monitored and/or detected, e.g., so that the 
presence of a component of interest can be detected, an 
activity of a compound can be determined, separation of 
?uidic materials can be monitored, or an effect of a modu 
lator, e.g., on an enZyme’s activity, can be measured. 
Depending upon the detected signal measurements, deci 
sions are optionally made regarding subsequent ?uidic 
operations, e.g., Whether to assay a particular component in 
detail to determine, e.g., kinetic information or, e.g., 
Whether, When, or to What extent to shunt a portion of a 
?uidic material from a main channel into a second channel 
(e.g., ?oWing a ?uidic material into a second channel once 
it has been separated from a mixture of ?uidic materials. 

[0080] In brief, the systems described herein optionally 
include micro?uidic devices, as described above, in con 
junction With additional instrumentation for controlling ?uid 
transport, ?oW rate and direction Within the devices, detec 
tion instrumentation for detecting or sensing results of the 
operations performed by the system, processors, e.g., com 
puters, for instructing the controlling instrumentation in 
accordance With preprogrammed instructions, receiving data 
from the detection instrumentation, and for analyZing, stor 
ing and interpreting the data, and providing the data and 
interpretations in a readily accessible reporting format. For 
example, the systems herein optionally include a valve 
manifold and a plurality of solenoid valves to control How 
sWitching betWeen channels and/or to control pressure/ 
vacuum levels in the channels. 

[0081] Temperature Control 

[0082] Various embodiments of the present invention can 
control temperatures to in?uence numerous parameters or 
reaction conditions, e.g., those in thermocycling reactions 
(e.g., PCR, LCR). Additionally, the present invention can 
control temperatures in order to manipulate reagent proper 
ties, etc. In general, and in optional embodiments of the 
invention, various heating methods can be used to provide a 
controlled temperature in the involved miniaturiZed ?uidic 
systems. Such heating methods include both joule and 
non-joule heating. 

[0083] Non-joule heating methods can be internal, i.e., 
integrated into the structure of the micro?uidic device, or 
external, i.e., separate from the micro?uidic device. Non 
joule heat sources can include, e.g., photon beams, ?uid jets, 
liquid jets, lasers, electromagnetic ?elds, gas jets, electron 
beams, thermoelectric heaters, Water baths, furnaces, resis 
tive thin ?lms, resistive heating coils, peltier heaters, or 
other materials, Which provide heat to the ?uidic system in 
a conductive manner. Such conductive heating elements 
transfer thermal energy from, e.g., a resistive element in the 
heating element to the micro?uidic system by Way of 
conduction. Thermal energy provided to the micro?uidic 
system overall, increases the temperature of the micro?uidic 
system to a desired temperature. Accordingly, the ?uid 
temperature and the temperature of the molecules Within, 
e.g., the microchannels of the system, are also increased in 
temperature. An internal controller in the heating element or 
Within the micro?uidic device optionally can be used to 
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regulate the temperature involved. These examples are not 
limiting and numerous other energy sources can be utilized 
to raise the ?uid temperature in the micro?uidic device. 

[0084] Non-joule heating units can attach directly to an 
external portion of a chip of the micro?uidic device. Alter 
natively, non-joule heating units can be integrated into the 
structure of the micro?uidic device. In either case, the 
non-joule heating is optionally applied to only selected 
portions of chips in micro?uidic devices (e.g., such as 
reaction areas, detection areas, etc.) or optionally heats the 
entire chip of the micro?uidic device and provides a uniform 
temperature distribution throughout the chip 

[0085] A variety of methods can be used to loWer ?uid 
temperature in the micro?uidic system, through use of 
energy sinks. Such an energy sink can be a thermal sink or 
a chemical sink and can be ?ood, time-varying, spatially 
varying, or continuous. A thermal sink can include, among 
others, a ?uid jet, a liquid jet, a gas jet, a cryogenic ?uid, a 
super-cooled liquid, a thermoelectric cooling means, e.g., 
peltier device or an electromagnetic ?eld. 

[0086] In general, electric current passing through the 
?uid in a channel produces heat by dissipating energy 
through the electrical resistance of the ?uid. PoWer dissi 
pates as the current passes through the ?uid and goes into the 
?uid as energy as a function of time to heat the ?uid. The 
folloWing mathematical eXpression generally describes a 
relationship betWeen poWer, electrical current, and ?uid 
resistance: Where POWER=poWer dissipated in ?uid: 
I=electric current passing through ?uid; and R=electric 
resistance of ?uid. 

[0087] The above equation provides a relationship 
betWeen poWer dissipated (“POWER”) to current (“I”) and 
resistance (“R”). In some of the embodiments of the inven 
tion, Wherein electric current is directed toWard moving a 
?uid (Where such is utiliZed, e.g., in areas of specially 
con?gured microchannel cross-sectional geometry Where 
the dispersion rate and/or average velocity of ?uidic mate 
rials are manipulated), a portion of the poWer goes into 
kinetic energy of moving the ?uid through the channel. Joule 
heating uses a selected portion of the poWer to heat the ?uid 
in the channel or a selected channel region(s) of the microf 
luidic device and can utiliZe in-channel electrodes. See, e.g., 
US. Pat. No. 5,965,410, Which is incorporated herein by 
reference in its entirety for all purposes. Such a channel 
region is often narroWer or smaller in cross section than 
other channel regions in the channel structure. The small 
cross section provides higher resistance in the ?uid, Which 
increases the temperature of the ?uid as electric current 
passes therethrough. Alternatively, the electric current can 
be increased along the length of the channel by increased 
voltage, Which also increases the amount of poWer dissi 
pated into the ?uid to correspondingly increase ?uid tem 
perature. 

[0088] Joule heating permits the precise regional control 
of temperature and/or heating Within separate micro?uidic 
elements of the device of the invention, e.g., Within one or 
several separate channels, Without heating other regions 
Where such heating is, e.g., unnecessary or undesirable. 
Because the micro?uidic elements involved are extremely 
small in comparison to the mass of the entire micro?uidic 
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device in Which they are fabricated, such heat remains 
substantially localiZed, e.g., it dissipates into and from the 
device before it affects other ?uidic elements. In other 
Words, the relatively massive device functions as a heat sink 
for the separate ?uidic elements contained therein. 

[0089] To selectively control the temperature of ?uid or 
material of a region of, e.g., a microchannel, the joule 
heating poWer supply of the invention can apply voltage 
and/or current in several optional Ways. For instance, the 
poWer supply optionally applies direct current (i.e., DC), 
Which passes through one region of a microchannel and into 
another region of the same microchannel Which is smaller in 
cross section in order to heat ?uid and material in the second 
region. This direct current can be selectively adjusted in 
magnitude to complement any voltage or electric ?eld 
applied betWeen the regions to move materials in and out of 
the respective regions. In order to heat the material Within a 
region, Without adversely affecting the movement of a 
material, alternating current (i.e., AC) can be selectively 
applied by a poWer supply. The AC used to heat the ?uid can 
be selectively adjusted to complement any voltage or elec 
tric ?eld applied betWeen regions in order to move ?uid into 
and out of various regions of the device. Alternating current, 
voltage, and/or frequency can be adjusted, for eXample, to 
heat a ?uid Without substantially moving the ?uid. Alterna 
tively, the poWer supply can apply a pulse or impulse of 
current and/or voltage, Which Will pass through one micro 
channel region and into another microchannel region to heat 
the ?uid in the region at a given instance in time. This pulse 
can be selectively adjusted to complement any voltage or 
electric ?eld applied betWeen the regions in order to move 
materials, e.g., ?uids or other materials, into and out of the 
various regions. Pulse Width, shape, and/or intensity can be 
adjusted, for eXample, to heat a ?uid substantially Without 
moving the ?uid or any materials Within the ?uid, or to heat 
the material(s) While moving the ?uid or materials. Still 
further, the poWer supply optionally applies any combina 
tion of DC, AC, and pulse, depending upon the application. 
The microchannel(s) itself optionally has a desired cross 
section (e.g., diameter, Width or depth) that enhances the 
heating effects of the current passed through it and the 
thermal transfer of energy from the current to the ?uid (e.g., 
in addition to, or alternative to, any cross-sectional geometry 
used to manipulate dispersion rate and/or average velocity of 
?uidic materials). 

[0090] Because electrical energy is optionally used to 
control temperature directly Within the ?uids contained in 
the micro?uidic devices, the methods and devices of the 
invention are optionally utiliZed in micro?uidic systems 
Which employ electrokinetic material transport systems, as 
noted herein. Speci?cally, the same electrical controllers, 
poWer supplies and electrodes can be readily used to control 
temperature contemporaneously With their control of mate 
rial transport. See, infra. In some embodiments of the 
invention, the device provides multiple temperature Zones 
by use of Zone heating. On such eXample apparatus is 
described in Kopp, M. et al. (1998) “Chemical ampli?ca 
tion: continuous-?oW PCR on a chip”Science 280(5366): 
1046-1048. 

[0091] As can be seen from the above, the elements of the 
current invention can be con?gured in many different 
arrangements depending upon the speci?c needs of the 
molecules, etc. under consideration and the parameters of 


















