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(57) ABSTRACT 
The present invention is generally directed to improved 
methods, structures and systems for interfacing rnicro?uidic 
devices With ancillary systems that are used in conjunction 
With such devices. These systems typically include control 
and monitoring systems (620) for controlling the perfor 
mance of the processes carried out Within the device, e.g., 
monitoring and controlling environmental conditions and 
monitoring results of the processes performed, e.g., detec 
tion. 
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CONTROLLER/DETECTOR INTERFACES FOR 
MICROFLUIDIC SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of, and 
claims the bene?t of priority from US. patent application 
Ser. No. 08/919,707, ?led on Aug. 29, 1997, the full dis 
closure of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Despite the advancements in the ?elds of microf 
luidics, microfabrication and the like, there remains a fun 
damental problem With the implementation of these tech 
nologies in achieving their full potential. Speci?cally, 
although micro?uidic systems are readily applicable to high 
throughput, loW volume, automatable chemical and bio 
chemical analyses and syntheses, many of the advantages 
gained through the use of micro?uidic systems are lost 
through the lack of interfacing systems that are capable of 
functioning at the horiZons of these micro?uidic systems. 
For example, one of the major advantages of these microf 
luidic systems is the ability to perform operations using 
extremely small ?uid volumes, thereby requiring smaller 
amounts of potentially valuable reagents and/or samples. 
HoWever, although a micro?uidic system may be capable of 
operating With ?uid volumes in the nanoliter range, the lack 
of ?uid handling systems capable of delivering such vol 
umes to these micro?uidic systems renders this advantage 
substantially unrealized. Speci?cally, the user is still 
required to utiliZe reagents and/or samples in the 1 to 10 pl 
range. 

[0003] One example of a ?uidic interface Which addresses 
these problems, namely, the introduction of samples and 
other ?uids into micro?uidic analytical systems, is described 
in commonly assigned US. application Ser. No. 08/671,986, 
?led Jun. 28, 1996, and incorporated herein by reference. In 
brief, the described system includes an electropipettor inter 
faced With the channels of a micro?uidic device, for elec 
trokinetically introducing very small volumes of samples or 
other materials into the micro?uidic device. 

[0004] In addition to ?uidic interfaces, micro?uidic sys 
tems also require additional device:World interfaces, includ 
ing an interface betWeen the device and the detection, 
sensing or monitoring means that are utiliZed With the 
system. Also required are interfaces betWeen the device and 
the systems that control the operation of the device, such as 
systems that control ?uid direction and transport Within the 
device, and/or environmental conditions present Within or 
around the device, and the like. 

[0005] Micro?uidic devices previously described in the 
literature have generally included only crude device:World 
interfaces Which severely limited or eliminated a substantial 
proportion of the promised bene?ts of micro?uidic systems, 
including automatability, ease of use, loW volume and high 
throughput, Which have been the goals of these systems. 

[0006] Accordingly, there exists a need in the art for 
improved interfaces betWeen micro?uidic devices and the 
ancillary systems that are utiliZed With these micro?uidic 
systems, such that these micro?uidic systems can realiZe a 
greater proportion of their promised bene?ts. The present 
invention provides a solution to many of these and other 
problems. 
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SUMMARY OF THE INVENTION 

[0007] The present invention generally provides improved 
methods, apparatuses and systems for interfacing micro?u 
idic devices With the various systems used in conjunction 
With these devices, such as electrical control and monitoring 
systems, and the like. These improved interfaces provide 
micro?uidic systems that are easier to use, e.g., “user 
friendly,” are more readily automatable, and as a result, have 
higher throughputs than previously described analytical sys 
tems. 

[0008] In a ?rst aspect, the present invention provides an 
electrically controlled micro?uidic system Which includes a 
micro?uidic device, an electrical controller and an electrical 
interface array. The micro?uidic device generally comprises 
a body structure having an interior portion and at least a ?rst 
exterior surface, a plurality of intersecting microscale chan 
nels disposed in the interior portion of the body structure, 
and a plurality of ports disposed in the body structure, 
communicating the exterior surface With the interior portion. 
Each of the ports is in ?uid communication With at least one 
of the plurality of intersecting channels. The electrical 
control system comprises a plurality of electrical leads, each 
of the leads being operably coupled to a poWer source, 
Where the electrical control system concomitantly delivers a 
voltage to each of the plurality of electrical leads. The 
electrical interface array permits the separate and removable 
coupling of each of the electrical leads With each of the 
plurality of ports, Whereupon each of the leads is in electrical 
communication With a ?uid disposed in each of the ports. 
The electrical interface array often includes a cover having 
at least a ?rst surface, and a plurality of electrode pins 
mounted thereon, the electrode pins being oriented for 
insertion into the plurality of ports, each of the electrode pins 
being electrically coupled to a separate one of the electrical 
leads. Optionally, the electrical interface array further com 
prises a base adapted for receiving the micro?uidic device, 
Wherein an edge of the cover is attached to the base by a 
hinge, Whereby the cover is capable of being rotatably 
closed over the micro?uidic device mounted on the base, to 
insert the plurality of pins into the plurality of ports. In a 
further alternate aspect, the body of the device is planar in 
structure, and the electrical interface array comprises a 
plurality of electrical contact pads disposed along the at least 
one edge of the micro?uidic device, each of the electrical 
contact pads being electrically coupled to at least one of the 
plurality of ports, and each of the plurality of electrical leads 
is positioned to contact a separate one of the plurality of 
contact pads. Alternatively, the electrical leads are disposed 
Within a slot and oriented Whereby each of the electrical 
leads contacts a separate one of the plurality of electrical 
contact pads, When the portion of the bottom layer extending 
beyond the top layer is inserted into the slot. 

[0009] In a related embodiment, the present invention 
provides a “clam shell” comprising a base having at least 
one edge and at least an upper surface, the upper surface 
being adapted for receiving a micro?uidic device. The clam 
shell also comprises a cover having at least a loWer surface 
and at least one edge, the edge of the cover being connected 
to the edge of the base by a hinge, and the loWer surface 
having at least a ?rst electrical interface component. A 
micro?uidic device is mounted on the upper surface of the 
base, the device comprising a body structure having an 
exterior surface, an interior portion de?ning a plurality of 
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microscale channels, and a second electrical interface com 
ponent disposed on the exterior surface and providing a 
plurality of separate electrical connections betWeen the 
second electrical interface component and a plurality of 
separate points in the plurality of intersecting microscale 
channels, the second electrical interface component being 
complementary to the ?rst electrical interface component 
and oriented to contact the ?rst electrical interface compo 
nent When the cover is closed over the micro?uidic device. 
The ?rst electrical interface array component optionally 
comprises an array of electrical contacts mounted on the 
loWer surface of the cover and the second electrical interface 
array component comprises a plurality of electrical contact 
pads on the exterior surface of the micro?uidic device, each 
electrical contact pad being in electrical communication 
With a separate point in the plurality of intersecting micros 
cale channels. 

[0010] In still another aspect, the present invention pro 
vides a base unit having a mounting surface adapted for 
receiving a micro?uidic device, and a ?rst electrical inter 
face array component, the ?rst electrical interface array 
component providing a plurality of electrical contacts, each 
of the electrical contacts being separately coupled to a 
different electrical lead from an electrical controller. Also 
included is a micro?uidic device mounted on the mounting 
surface, the micro?uidic device comprising a body structure 
having an exterior surface, an interior portion de?ning a 
plurality of microscale channels, and a second electrical 
interface component disposed on the exterior surface and 
providing a plurality of separate electrical connections 
betWeen the second electrical interface component and a 
plurality of separate points in the plurality of intersecting 
microscale channels, the second electrical interface compo 
nent being complementary to the ?rst electrical interface 
component and oriented to contact the ?rst electrical inter 
face component When the micro?uidic device is mounted on 
the mounting surface. 

[0011] In an additional embodiment, the present invention 
provides a micro?uidic system Which comprises a microf 
luidic device having a body structure With at least ?rst and 
second separate channel netWorks disposed therein. Each of 
the channel netWorks comprises a plurality of intersecting 
microscale channels, a ?rst interface component on the body 
structure capable of delivering energy to the ?rst channel 
netWork, and a second interface component on the body 
structure capable of delivering energy to the second channel 
netWork. The system also comprises a controller, having an 
energy source and a ?rst surface adapted for mounting the 
body structure thereon in at least ?rst and second ?xed 
orientations, and including at least a third interface compo 
nent operably coupled to the energy source, the third inter 
face component being capable of transmitting energy from 
the energy source to the ?rst interface component When the 
body structure is mounted on the mounting surface in the 
?rst orientation, and from the energy source to the second 
interface component When the body structure is mounted on 
the mounting surface in the second orientation. 

[0012] In similar aspect, the present invention also pro 
vides a micro?uidic system Which comprises a micro?uidic 
device having a body structure With at least ?rst and second 
separate channel netWorks disposed therein. Each channel 
netWork comprises a plurality of intersecting microscale 
channels, a ?rst interface component on the body structure 
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capable of transmitting energy to or from the ?rst channel 
netWork, and a second interface component on the body 
structure capable of transmitting energy to or from the 
second channel netWork. The system also comprises a 
detection system, Which includes an energy detector and a 
?rst surface adapted for mounting the body structure thereon 
in at least ?rst and second ?xed orientations, and including 
at least a third interface component operably coupled to the 
energy detector, the third interface component being capable 
of transmitting energy to or from the ?rst interface compo 
nent to the detector When the body structure is mounted on 
the mounting surface in the ?rst orientation, and to or from 
the second interface component, to the detector When the 
body structure is mounted on the mounting surface in the 
second orientation. 

[0013] In yet another aspect, the present invention pro 
vides a micro?uidic systems as described above, but incor 
porating electrical circuitry, an electrical conduit or elec 
trode, Which electrode comprises a thickness less than 1400 
A, and preferably betWeen about 800 and 1400 The 
electrode also typically comprises at least a ?rst metal 
component selected from the group of tungsten, palladium, 
ruthenium, iridium, osmium and rhodium. In addition, the 
electrode does not substantially degrade at a metal/?uid 
interface under applied current densities greater than 0.5 
mA/cm2. 
[0014] In another aspect, the present invention provides an 
interface for use With a micro?uidic device. The micro?uidic 
device has a plurality of intersecting microscale channels 
and a plurality of ports for receiving ?uid. The interface 
comprises a base for receiving the micro?uidic device. A 
structure is movable relative to the base betWeen a ?rst 
position and a second position. A plurality of electrical 
interface elements are affixed to the structure. The electrical 
interface elements are aligned so that each electrical inter 
face element is electrically coupled to an associated port of 
the micro?uidic device When the micro?uidic device is 
received by the base and the structure is disposed in the ?rst 
position. 
[0015] Preferably, at least three electrical interface ele 
ments Will be provided in the form of rigid electrodes. These 
electrodes can ideally extend from the structure into the ?uid 
in the ports of the micro?uidic device. The base of the 
structure may be coupled together using a hinge or other 
mechanical coupling arrangement, and the base Will often 
?ttingly receive the micro?uidic device. This arrangement 
can be used to maintain alignment betWeen a large number 
of very small ports of the micro?uidic device and the 
electrodes of the interface, thereby alloWing complex 
micro?uidic devices to be easily removed and replaced. 

[0016] In yet another aspect, the present invention pro 
vides a micro?uidic device comprising a body structure 
having a port (for receiving ?uid) and an interior portion. 
The interior portion de?nes a plurality of intersecting 
microscale channels. The interior portion blocks communi 
cation betWeen the channels and the port. An electrical 
interface component electrically couples the ?uid in the port 
to the channels, or to ports in ?uid communication With the 
channels. 

[0017] In yet another aspect, the invention provides a 
micro?uidic device comprising a body structure including 
an upper layer and a bottom layer. The body structure has an 
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interior portion de?ning ?rst and second intersecting micros 
cale channels. The ?rst channel has an un-intersected ter 
minus. The upper layer includes ?rst and second ports 
therethrough. The ?rst port is disposed at the terminus of the 
?rst channel. The interior portion blocks ?uid communica 
tion betWeen the ?rst port and the second port. An electri 
cally conductive ?lm is disposed betWeen the ?rst and 
second layers. The ?lm electrically couples a ?rst ?uid in the 
?rst port With a second ?uid in the second port. These 
advantageous structures alloW electrical potentials to be 
applied to a sample ?uid by inserting an electrode into a 
?uidically isolated port containing saline or the like. The 
?lm (or other electrical conductor) need not be disposed 
betWeen the layers. For example, alternative embodiments 
may include conductors overlaid over the upper layer (i.e., 
bridging betWeen ports). Regardless, as compared to sys 
tems in Which electrodes are directly inserted into each 
sample, the invention provides a reduced risk of cross 
contamination When replacing one micro?uidic device With 
another. 

[0018] Preferably, electrodes of the interface structure Will 
extend into ports containing an electrolyte. The electrolyte 
can be electrically coupled, in turn, to a sample ?uid Within 
a sample port using a thin ?lm conductor deposited betWeen 
the layers of the micro?uidic body structure, typically using 
any of the thin ?lm deposition techniques developed for 
production of integrated circuits, recording media or the 
like. The use of ?uid to couple an electrode to the ?lm 
enhances the reliability of the electrical connection and 
avoids damage to the ?lm When the electrode is moved 
betWeen a coupled position and a de-couple position. 

[0019] In a still further aspect, the invention provides the 
use of an interface to connect a micro?uidic device to an 

electrical controller. The interface has a structure that 
includes a plurality of ?xed electrodes disposed thereon. The 
electrodes are operably coupled to the electrical controller. 
The ?xed electrodes are positioned on the structure to be 
inserted into a plurality of ports on the micro?uidic device 
When the structure is moved from a ?rst position to a second 
position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 schematically illustrates one embodiment 
of a micro?uidic device fabricated from a plurality of 
laminated or bonded parts, for use in accordance With the 
methods and systems of the present invention. 

[0021] FIG. 2A illustrates one embodiment of an 
improved electrical interface betWeen a micro?uidic decie 
and electrical controller. FIG. 2B illustrates an alternate 
con?guration for the cover element of the interface shoWn in 
FIG. 2A. 

[0022] FIG. 3 illustrates a further embodiment of an 
electrical interface betWeen a micro?uidic device and an 
electrical controller. FIG. 3A illustrate the interface com 
ponents present on a micro?uidic device from a top vieW, 
While FIGS. 3B and 3C illustrate the device from the side 
and perspective vieWs, in combination With a complemen 
tary interface element from an electrical controller. 

[0023] FIGS. 4A-4D illustrate an alternate embodiment of 
a micro?uidic device incorporating an electrical interface 
array. FIG. 4A shoWs an alternate structure f a micro?uidic 
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device, While FIGS. 4B-4D illustrate the device With an 
optional coupler assembly from various perspectives. 

[0024] FIG. 5 illustrates a substrate Wafer from Which a 
number of micro?uidic devices incorporating the electrical 
interface array shoWn in FIG. 4 are manufactured. 

[0025] FIG. 6 illustrates a micro?uidic system incorpo 
rating interface elements on the device and controller Which 
are in communication When the device is inserted into the 
controller in any of a number of ?xed or predetermined 
orientations. 

[0026] FIG. 7 schematically illustrates an electrical cou 
pling arrangement in Which a substantially rigid electrode 
pin mates With a thin, ?at electrode surface. 

[0027] FIG. 8 schematically illustrates an alternative cou 
pling arrangement in Which a substantially rigid electrode 
pin is electrically coupled to a thin, ?at electrode using an 
electrolyte to avoid damage to the ?at electrode during 
coupling. 

[0028] FIGS. 9A and B illustrate a micro?uidic device 
having ports Which are in electrical continuity With ?uid 
sample ports, but Which are not in ?uid continuity With the 
sample ports so as to avoid cross-contamination of samples 
When the micro?uidic device is removed and replaced from 
the interface structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0029] The present invention is generally directed to 
improved methods, structures and systems for interfacing 
micro?uidic devices With ancillary systems that are used in 
conjunction With such devices. These systems typically 
include ?uid handling systems for delivering ?uids to a 
micro?uidic device, e.g., sampling systems, control and 
monitoring systems for monitoring the processes carried out 
by the micro?uidic devices and for controlling the perfor 
mance of those processes, e.g., controlling internal ?uid 
transport and direction, monitoring and controlling environ 
mental conditions and monitoring results of the processes 
performed, e.g., detection. 

[0030] In a ?rst general aspect, the present invention 
provides electrically controlled micro?uidic systems Which 
have improved interfaces betWeen the device itself and the 
electrical controlling system. Such systems include a 
micro?uidic device made up of a body structure Which 
includes an interior portion and an exterior portion. The 
devices include a plurality of intersecting channels disposed 
Within, and typically de?ned by, the interior portion of the 
body structure. Typically, such micro?uidic devices also 
include a plurality of ports disposed in the body structure, 
communicating the exterior portion of the device With the 
interior portion of the device, Where the ports are in ?uid 
communication With one or more of the plurality of inter 
secting microscale channels. 

[0031] As used herein, the term “microscale” or “micro 
fabricated” generally refers to structural elements or features 
of a device Which have at least one fabricated dimension in 
the range of from about 0.1 pm to about 500 pm. Thus, a 
device referred to as being microfabricated or microscale 
Will include at least one structural element or feature having 
such a dimension. When used to describe a ?uidic element, 
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such as a passage, chamber or conduit, the terms “micros 
cale,”“microfabricated” or “micro?uidic” generally refer to 
one or more ?uid passages, chambers or conduits Which 

have at least one internal cross-sectional dimension, e.g., 
depth, Width, length, diameter, etc., that is less than 500 pm, 
and typically betWeen about 0.1 pm and about 500 pm. In the 
devices of the present invention, the microscale channels or 
chambers preferably have at least one cross-sectional dimen 
sion betWeen about 0.1 pm and 200 pm, more preferably 
betWeen about 1 pm and 100 pm, and often betWeen about 
1 pm and 20 pm. Accordingly, the micro?uidic devices or 
systems prepared in accordance With the present invention 
typically include at least one microscale channel, usually at 
least tWo intersecting microscale channels, and often, three 
or more intersecting channels disposed Within a single body 
structure. Channel intersections may eXist in a number of 
formats, including cross or “four-Way” intersections, “T” 
intersections, or any number of other structures Whereby at 
least tWo channels are in ?uid communication. 

[0032] The body structure of the micro?uidic devices 
described herein is typically fabricated from a number of 
discrete elements Which, When assembled, form or de?ne the 
integrated microscale channels and chambers of the microf 
luidic devices. Typically, the body structure comprises an 
aggregation of tWo or more separate layers Which When 
appropriately mated or joined together, form the body struc 
ture of the micro?uidic device of the invention, e.g., con 
taining the channels and/or chambers described herein. 
Typically, the micro?uidic devices described herein Will 
comprise a top portion, a bottom portion, and an interior 
portion, Wherein the interior portion substantially de?nes the 
channels and chambers of the device. 

[0033] FIG. 1 illustrates a tWo-layer body structure for the 
micro?uidic device 10. In preferred aspects, the bottom 
portion of the device 12 comprises a solid substrate that is 
substantially planar in structure, and Which has at least one 
substantially ?at upper surface 14. A variety of substrate 
materials may be employed as the bottom portion. Typically, 
because the devices are microfabricated, substrate materials 
Will be selected based upon their compatibility With knoWn 
microfabrication techniques, e.g., photolithography, Wet 
chemical etching, laser ablation, air abrasion techniques, 
injection molding, embossing, and other techniques. The 
substrate materials are also generally selected for their 
compatibility With the full range of conditions to Which the 
micro?uidic devices may be eXposed, including eXtremes of 
pH, temperature, salt concentration, and application of elec 
tric ?elds. Accordingly, in some preferred aspects, the sub 
strate material may include materials normally associated 
With the semiconductor industry in Which such microfabri 
cation techniques are regularly employed, including, e.g., 
silica based substrates, such as glass, quartZ, silicon or 
polysilicon, as Well as other substrate materials, such as 
gallium arsenide and the like. In the case of semiconductive 
materials, it Will often be desirable to provide an insulating 
coating or layer, e.g., silicon oXide, over the substrate 
material, and particularly in those applications Where elec 
tric ?elds are to be applied to the device or its contents. 

[0034] In additional preferred aspects, the substrate mate 
rials Will comprise polymeric materials, e.g., plastics, such 
as polymethylmethacrylate (PMMA), polycarbonate, poly 
tetra?uoroethylene (TEFLONTM), polyvinylchloride (PVC), 
polydimethylsiloXane (PDMS), polysulfone, and the like. 
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Such polymeric substrates are readily manufactured using 
available microfabrication techniques, as described above, 
or from microfabricated masters, using Well knoWn molding 
techniques, such as injection molding, embossing or stamp 
ing, or by polymeriZing the polymeric precursor material 
Within the mold (See Us. Pat. No. 5,512,131). Such poly 
meric substrate materials are preferred for their ease of 
manufacture, loW cost and disposability, as Well as their 
general inertness to most eXtreme reaction conditions. 
Again, these polymeric materials may include treated sur 
faces, e.g., derivatiZed or coated surfaces, to enhance their 
utility in the micro?uidic system, e.g., provide enhanced 
?uid direction, e.g., as described in US. patent application 
Ser. No. 08/919,707, ?led Apr. 14, 1997 (Attorney Docket 
No. 17646-002610), and Which is incorporated herein by 
reference in its entirety for all purposes. 

[0035] The channels and/or chambers of the micro?uidic 
devices are typically fabricated into the upper surface of the 
bottom substrate or portion 12, as microscale grooves or 
indentations 16, using the above described microfabrication 
techniques. The top portion or substrate 18 also comprises a 
?rst planar surface 20, and a second surface 22 opposite the 
?rst planar surface 20. In the micro?uidic devices prepared 
in accordance With the methods described herein, and as 
noted above, the top portion also includes a plurality of 
apertures, holes or ports 24 disposed therethrough, e.g., from 
the ?rst planar surface 20 to the second surface 22 opposite 
the ?rst planar surface. 

[0036] The ?rst planar surface 20 of the top substrate 18 
is then mated, e.g., placed into contact With, and bonded to 
the planar surface 14 of the bottom substrate 12, covering 
and sealing the grooves and/or indentations 16 in the surface 
of the bottom substrate, to form the channels and/or cham 
bers (i.e., the interior portion) of the device at the interface 
of these tWo components. The holes 24 in the top portion of 
the device are oriented such that they are in communication 
With at least one of the channels and/or chambers formed in 
the interior portion of the device from the grooves or 
indentations in the bottom substrate. In the completed 
device, these holes function as reservoirs for facilitating 
?uid or material introduction into the channels or chambers 
of the interior portion of the device, as Well as providing 
ports at Which electrodes may be placed into contact With 
?uids Within the device, alloWing application of electric 
?elds along the channels of the device to control and direct 
?uid transport Within the device. 

[0037] These devices may be used in a variety of appli 
cations, including, e.g., the performance of high throughput 
screening assays in drug discovery, immunoassays and 
genetic analysis for research and diagnostic applications, 
and the like. As such, the devices described herein, often 
include multiple sample introduction ports or reservoirs, for 
the parallel or serial introduction and analysis of multiple 
samples. Alternatively, these devices may be coupled to a 
sample introduction port, e.g., a pipettor, Which serially 
introduces multiple samples into the device for analysis. 
Examples of such sample introduction systems are described 
in e.g., U.S. patent application Ser. Nos. 08/761,575 and 
08/760,446 (Attorney Docket Nos. 100/00310 and 100/ 
00210) each of Which Was ?led on Dec. 6, 1996, and is 
hereby incorporated by reference in its entirety for all 
purposes. 
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[0038] In preferred aspects, the electrically controlled 
micro?uidic devices, methods and systems described herein, 
employ electrokinetic material transport systems, and pref 
erably, controlled electrokinetic material transport systems. 
As such, the micro?uidic systems of the present invention 
typically include an electrical control system, for controlling 
and/or monitoring the processes being carried out by the 
micro?uidic device. In at least one aspect, the electrical 
control system includes a plurality of electrical leads, each 
of the leads being operably coupled to a poWer source, 
Whereby the electrical control system is capable of concomi 
tantly delivering voltages to each of the plurality of electri 
cal leads. Examples of preferred poWer sources are 
described in e.g., US. patent application Ser. No. 08/678, 
436, ?led Jul. 3, 1996, and incorporated herein by reference. 

[0039] The systems of the present invention also include 
an electrical interface array, permitting each of the electrical 
leads to be separately, and preferably, removably coupled to 
each of the plurality of ports on the micro?uidic device, 
Whereupon each of the leads is placed in electrical commu 
nication With a ?uid that is disposed in each of the ports. 

[0040] As used herein, “electrokinetic material transport 
systems” include systems Which transport and direct mate 
rials Within an interconnected channel and/or chamber con 
taining structure, through the application of electrical ?elds 
to the materials, thereby causing material movement through 
and among the channel and/or chambers, i.e., cations Will 
move toWard the negative electrode, While anions Will move 
toWard the positive electrode. 

[0041] Such electrokinetic material transport and direction 
systems include those systems that rely upon the electro 
phoretic mobility of charged species Within the electric ?eld 
applied to the structure. Such systems are more particularly 
referred to as electrophoretic material transport systems. 
Other electrokinetic material direction and transport systems 
rely upon the electroosmotic How of ?uid and material 
Within a channel or chamber structure Which results from the 
application of an electric ?eld across such structures. In 
brief, When a ?uid is placed into a channel Which has a 
surface bearing charged functional groups, e.g., hydroxyl 
groups in etched glass channels or glass microcapillaries, 
those groups can ioniZe. In the case of hydroxyl functional 
groups, this ioniZation, e.g., at neutral pH, results in the 
release of protons from the surface and into the ?uid, 
creating a concentration of cations at near the ?uid/surface 
interface, or a positively charged sheath surrounding the 
bulk ?uid in the channel. Application of a voltage gradient 
across the length of the channel, Will cause the positively 
charged sheath to move in the direction of the voltage drop, 
i.e., toWard the negative electrode. 

[0042] “Controlled electrokinetic material transport and 
direction,” as used herein, refers to electrokinetic systems as 
described above, Which employ active control of the volt 
ages applied at multiple, i.e., more than tWo, electrodes. 
Rephrased, such controlled electrokinetic systems concomi 
tantly regulate voltage gradients applied across at least tWo 
intersecting channels. Controlled electrokinetic material 
transport is described in Published PCT Application No. WO 
96/04547, to Ramsey, Which is incorporated herein by 
reference in its entirety for all purposes. In particular, the 
preferred micro?uidic devices and systems described herein, 
include a body structure Which includes at least tWo inter 
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secting channels or ?uid conduits, e.g., interconnected, 
enclosed chambers, Which channels include at least three 
unintersected termini. The intersection of tWo channels 
refers to a point at Which tWo or more channels are in ?uid 

communication With each other, and generally encompasses 
“T” intersections, cross intersections, “Wagon Wheel” inter 
sections of multiple channels, or any other channel geometry 
Where tWo or more channels are in such ?uid communica 
tion. An unintersected terminus of a channel is a point at 
Which a channel terminates not as a result of that channel’s 
intersection With another channel, e.g., a “T” intersection. In 
preferred aspects, the devices Will include at least tWo 
intersecting channels having at least three unintersected 
termini. In a basic cross channel structure, Where a single 
horiZontal channel is intersected and crossed by a single 
vertical channel, controlled electrokinetic material transport 
operates to controllably direct material ?oW through the 
intersection, by providing constraining ?oWs from the other 
channels at the intersection. For example, assuming one Was 
desirous of transporting a ?rst material through the horiZon 
tal channel, e.g., from left to right, across the intersection 
With the vertical channel. Simple electrokinetic material 
How of this material across the intersection could be accom 
plished by applying a voltage gradient across the length of 
the horiZontal channel, i.e., applying a ?rst voltage to the left 
terminus of this channel, and a second, loWer voltage to the 
right terminus of this channel, While applying no voltage to 
the top and bottom termini of the vertical channel. HoWever, 
this type of material ?oW through the intersection results in 
a substantial amount of diffusion at the intersection, result 
ing from the natural diffusive properties of the material 
being transported in the medium used, at the intersection. 

[0043] In controlled electrokinetic material transport, the 
material being transported across the intersection is con 
strained by loW level current from the side channels, e.g., the 
top and bottom channels. This is accomplished by applying 
a slight voltage gradient along the path of material ?oW, e. g., 
from the top or bottom termini of the vertical channel, 
elements of the overall system, e.g., heating blocks, heat 
sinks, optical systems, etc., to ensure the most ef?cient 
interfacing of the device With these components. Addition 
ally, the cover element, or the entire clam-shell portion of the 
system is readily interchangeable With different covers hav 
ing different electrode pin con?gurations, permitting adap 
tation to devices Which have alternate port con?gurations. 
Examples of such interchangeable systems are described in 
commonly assigned US. patent application Ser. No. 08/691, 
632 ?led Aug. 2, 1996, Which is hereby incorporated herein 
by reference in its entirety for all purposes. 

[0044] FIG. 2A provides an illustration of cover element 
202, Which has a plurality of electrode pins 204 disposed 
thereon. The pins are oriented on the surface of the cover 
element such that they Will communicate With the ports 24 
of the micro?uidic device 10, When the cover element is 
placed over the top surface of the device. Each of electrode 
pins 204 is electrically coupled to one of the electrical leads 
from the electrical controller (not shoWn). Typically, this 
connection is via electrical circuitry from each separate pin, 
extending through the rear portion of the cover element 202 
to connect to each separate electrical lead on the controller, 
hoWever, in some cases, multiple electrodes may be coupled 
to the same electrical lead, e.g., Where tWo electrodes are 
intended to provide the same voltage level at tWo different 
ports of the device. Alternatively, the circuitry from each 
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electrode pin is connected to one port of a multi-port 
connector, e.g., at the rear portion of the cover, to Which is 
coupled a complementary multi-port connector from the 
controller, Which connector includes electrical connections 
to the various electrical leads from the controller. These 
multi-port connectors are generally commercially available, 
and are readily connected to the various electrical leads on 
the controllers and the electrodes present in the cover. As 
shoWn, the cover element 202 is connected to a separate 
structural element or base 206, Which includes a nesting 
Well, cavity or recessed region 208 disposed therein. The 
cover 202 is connected to the base 208 via hinge 210. The 
micro?uidic device 10 is inserted into the nesting Well 208. 
ArroWs 212 illustrate the direction of rotation of the cover 
element 202. After inserting a micro?uidic device into the 
nesting Well 208, the hinged cover element is rotated doWn 
on the hinge 210 until the electrode pins 204 are in contact 
With ?uid that is contained Within the ports 24 of the device, 
and in ?uid communication With the channels and/or cham 
bers of the device. The use of this type of interface permits 
the user to simply insert the micro?uidic device 10 into the 
nesting Well and close the cover, Whereupon the device is 
interfaced With the electrical controller. It Will be readily 
appreciated that micro?uidic devices of varied siZes, shapes 
and con?gurations may be inserted into a given interface 
(e. g., base and cover) through the incorporation of the device 
into a uniformly siZed adapter plate. The use of such adapter 
plates for interfacing differently siZed or differently con?g 
ured micro?uidic devices With a particular controller ele 
ment is described in greater detail in US. patent application 
Ser. No. 08/691,632 ?led Aug. 2, 1996, previously incorpo 
rated herein by reference. 

[0045] As shoWn in FIG. 2A, the electrode pins 24 are 
oriented in a grid format, e.g., in columns and roWs. 
Although a single column or roW of electrodes may be 
provided in accordance With the present invention, e.g., as 
described in greater detail herein, typically, such gridded 
arrays of electrodes Will be at least tWo roWs and at least tWo 
columns of electrodes, i.e., 2x2. In preferred aspects, the 
gridded array of electrodes Will comprise at least tWo 
columns of electrodes and at least three roWs of electrodes. 
In many embodiments, the gridded array may include at 
least four columns and at least four roWs of electrodes (e.g., 
a 4x4 gridded array). Although it is not required, in order to 
promote uniformity, the spacing betWeen the roWs and 
columns of the electrode array is preferably equal, e.g., each 
probe is equidistant from the adjacent probes in the same 
column and roW. By arranging the electrode pins as a 
gridded array of electrodes, one is able to standardiZe the 
electrode format, and provide micro?uidic systems having a 
matching, e.g., complementary, port format. In particular, 
because one can create a Wide variety of channel geometries 
for performing a given ?uidic operation Within a micro?u 
idic device, the operations performed Within the interior 
portion of a micro?uidic device, e.g., Within the channels 
and chambers, often have little in?uence on the orientation 
of the ports on the surface of the device, and consequently, 
the electrodes for interfacing With those ports. As such, 
orientation of the electrodes, and complementary ports in a 
gridded format permits the utiliZation of a standard elec 
trode/device interface, regardless of the operation for Which 
the device Will be used. 

[0046] Where ?uids are contained Within relatively small 
areas, e.g., in the reservoirs of the devices of the present 

Dec. 22, 2005 

invention, such systems can often produce a certain amount 
of Water vapor, Which vapor is particularly localiZed at or 
near the ports of the micro?uidic device. This vapor gen 
eration is increased Where temperatures of the ?uids are 
elevated, e.g., When applying substantial electrical currents 
through these ?uids. Condensation of these vapors as liquid, 
e.g., on the surface of the micro?uidic device and/or the 
surface of the cover element, can result in an electrical 
connection being made betWeen tWo or more neighboring or 
adjacent electrode pins, across the surface of the device or 
the cover element, e.g., a shorting out of the electrodes. As 
such, it is generally desirable to either prevent this conden 
sation, or, in the event of such condensation, prevent the 
formation of the electrical connection betWeen adjacent 
electrodes across the eXternal surfaces of the device. As 
such, in preferred aspects, the micro?uidic systems are 
provided With a barrier betWeen adjacent electrodes When 
they are inserted into the ports of the device. Preferably, the 
barrier forms a liquid tight seal betWeen adjacent ports 
and/or electrodes. These barriers may be fabricated or placed 
onto the surface of the cover element, or alternatively, on the 
surface of the micro?uidic device, e.g., as a gasket. 

[0047] One eXample of such a liquid tight barrier structure 
is shoWn in FIG. 2B, Which illustrates an alternative 
embodiment of the cover element 202. As shoWn, the barrier 
is a part of the cover element 202. In particular, raised 
regions 220 are provided on the surface of the cover element 
202, betWeen the various electrode pins 204 that are dis 
posed thereon. The raised regions are of such height as to 
permit insertion of each of the electrode pins into its 
respective port of a micro?uidic device and contact the ?uid 
therein, While the raised regions securely contact the surface 
of the micro?uidic device, providing a ?uid tight seal 
betWeen the ports/electrodes of the system. The raised 
regions 220 are optionally provided as a separate part 222, 
e.g., as shoWn, Which is mated, bonded or otherWise attached 
to the surface of the cover element 202, or are fabricated into 
the surface of the cover element 202. In preferred aspects, 
these raised regions, or the cover element as a Whole, are 
either fabricated from or coated With a hydrophobic mate 
rial, e.g., a polymer such as polytetra?uoroethylene 
(TEFLONTM), to provide additional ?uid sealing capabilities 
When these regions are contacted With the top surface of the 
micro?uidic device. In alternative aspects, the barrier may 
be provided in Whole or in part, on the surface of the 
micro?uidic device Which includes the ports. For eXample, 
a hydrophobic coating is optionally provided on the top 
surface of the device, or alternatively, gasket-like structures 
are provided upon the surface of the device, e.g., fabricated 
upon or mated With that surface. When the cover element 
202 is placed over the surface of the device to interface the 
electrical controller With the ports of the device, these 
gasket-like structures provide a ?uid tight barrier betWeen 
the neighboring or adjacent ports/electrodes. Again, the 
height of these structures is such that the electrodes are in 
electrical contact With the ?uids disposed in the ports, When 
the cover element is placed over the device. Typically, such 
electrodes Will range in length of from about 1 mm to about 
10, from their tips to the point at Which they are attached to 
the cover element. The electrodes may be ?xedly mounted 
in the cover, or alternatively, may be spring mounted, to 
maintain the electrode in optimal communication With the 
port, or ?uids therein, and to prevent damage to the elec 
trodes or the micro?uidic devices upon closing the cover. 
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Although the barrier is generally described as including 
raised regions, it Will be readily apparent that the cover 
element may be provided With recessed regions 224 sur 
rounding each of the various electrode pins. Recessed 
regions 224 are generally provided extending from around 
the electrodes to the near edge of the cover. In addition to 
presenting a potential ?uid barrier betWeen adjacent elec 
trodes, the recessed region provides an air passage or vent 
from each port to the surrounding environment, permitting 
escape of ?uid vapors, gases and the like, Which can 
adversely effect the operation of the system, either through 
condensation, pressure effects or otherWise. 

[0048] In optional embodiments, the electrical interface 
array comprises a plurality of electrical contact pads that are 
electrically coupled to each of the various ports of the 
micro?uidic device. These electrical contact pads are gen 
erally disposed along at least one edge of the micro?uidic 
device. These electrical contact pads typically comprise a 
small electrically conductive surface Which is contacted by 
the electrical leads of the electrical controller. In such cases, 
the electrical lead Will generally include a mechanism for 
maintaining the electrical lead in contact With the contact 
pads, When the leads are placed in contact With the electrical 
interface array, e.g., a pressure contact or Wiping contact. 
Such mechanisms are typically included Within commer 
cially available electrical connectors, Which are readily 
adaptable for use With the electrical leads of the controller. 
Each of the electrical leads is then positioned, e.g., Within 
the coupler, to contact a separate one of the electrical contact 
pads on the device. 

[0049] An example of a micro?uidic device incorporating 
this type of electrical interface array is illustrated in FIG. 3. 
This ?gure illustrates the device from a top vieW (3A), end 
vieW (3B) and perspective vieW (3C). As shoWn, the device 
10 is fabricated in a layered format from at least tWo separate 
planar elements, a top substrate 22 and a bottom substrate 12 
(FIG. 3B). The bottom substrate 12 has an extended portion 
302, Which extends beyond the top substrate along at least 
one edge. A plurality of electrical contact pads 304 are 
provided upon this extended portion 302. Typically, these 
contact pads 304 are fabricated from an appropriately con 
ductive material and are deposited upon the exposed surface 
of the extended portion of the loWer substrate using Well 
knoWn deposition methods, e.g., chemical vapor deposition, 
sputtering, thermal or E beam evaporation, electroplating, 
and the like. The individual traces and pads are then de?ned 
With a photolithographic lift-off technique. Each of the 
electrical contact pads is electrically coupled, via Wires or 
circuitry 306, to a separate one of the various ports 24 that 
are disposed through the top substrate of the device 22. 
Typically, this circuitry 306 is deposited upon the upper 
surface 14 of the bottom substrate 12 prior to the bonding of 
the bottom substrate 12 to the top substrate 22. In this 
situation, it Will be appreciated that the circuitry 306 is 
sufficiently thin as to permit complete bonding of the tWo 
substrate layers, i.e., to prevent leakage of ?uidic elements 
Within the interior portion of the device. Suf?ciently thin 
circuitry is generally less than about 1500 A thick, prefer 
ably betWeen about 500 and 1400 A thick, and is generally 
deposited upon the upper surface of the bottom substrate 
using any of the above described methods. 

[0050] In preferred aspects, the circuitry 306 is comprised 
of sufficiently durable material to prevent its degradation, 

Dec. 22, 2005 

particularly at the metal/?uid interface, e.g., the point at 
Which the electrode contacts the ?uid contained Within the 
ports or channels of the micro?uidic device, under the 
elevated voltages and currents applied across that circuitry, 
as Well as the elevated temperatures that may be involved in 
the process of bonding substrates together. In particular, the 
thin circuitry utiliZed in the devices described herein Will 
often be subjected to relatively high currents and voltages 
Which are typically passed through to ?uid containing chan 
nels. Further, in the case of devices fabricated from ther 
mally bonded substrate layers, this fabrication can include 
bonding temperatures in the range of 500 to 1400° C., and 
typically from about 500 to about 800° C. In particular, some 
metals that are commonly utiliZed in the patterning of 
electrical circuitry on solid substrates, such as pure chrome 
and pure titanium, are subject to substantial oxidation under 
conditions of thermal bonding, e.g., using the temperatures 
described above. 

[0051] By Way of example, electrodes comprising a gold 
conductive layer on a chrome adhesion layer, patterned on a 
glass substrate, shoWed substantial degradation folloWing 
the thermal bonding process (extensive discoloration, 
indicative of substantial oxidation), and Were unable to 
Withstand application of normal operating currents. Simi 
larly, electrodes comprised of a gold conductive layer on a 
titanium adhesion layer Were capable of Withstanding the 
thermal bonding process, but peeled and disappeared under 
the normal operating current densities of approximately 50 
mA/cmz. 

[0052] Accordingly, in preferred aspects, the devices of 
the present invention include circuitry that has a thickness 
less than 1500 A, and preferably, betWeen about 800 and 
about 1400 A, but Which circuitry is capable of Withstanding 
normal current ranges applied through the circuitry Without 
substantially degrading, i.e., greater than 1 MA, preferably in 
the range of 10 to about 1000 MA. In the case of the devices 
of the present invention, this circuitry is thus capable of 
Withstanding current densities greater than 10 pA/cmz, pref 
erably greater than 0.1 mA/cm2, more preferably greater 
than 0.5 MA/cm2, and still more preferably, greater than 1 
mA/cm2. In some applications, the circuitry is capable of 
Withstanding greater than 5 mA/cm2, more preferably, 
greater than 10 mA/cm2, often greater than 50 mA/cm2, and 
in certain instances, greater than 100 mA/cm2, Without being 
substantially degraded at the metal/?uid interface. Further, 
the circuitry described herein is also typically capable of 
Withstanding bonding temperatures greater than 500° C., 
and preferably betWeen about 500 and 1400° C., Without 
being substantially degraded during the thermal bonding 
process. 

[0053] An electrode that is not “substantially degraded” as 
that phrase is used herein, refers to an electrode that has lost 
less than 20% of either its thickness (as measured by 
pro?lometry), or its current carrying capacity (as measured 
by change in impedance). Preferably, such electrodes Will 
lose less than 10% and more preferably, less than 5% of their 
thickness or current carrying capacity. 

[0054] Generally, the circuitry Will include a conductive 
layer that includes one of the metals selected from tungsten, 
palladium, ruthenium, iridium, osmium or rhodium. In pre 
ferred aspects, the conductive layer comprises tungsten as at 
least one element of the conductive layer (also referred to 
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herein as an electrode, electrical circuitry or electrical con 
duit). The tungsten containing portion of the electrical 
circuitry may be provided as the adhesion layer or as the 
entire electrical layer. By “tungsten containing” is meant a 
metal layer that may be entirely tungsten or a tungsten alloy 
or amalgam. In preferred aspects, the tungsten containing 
layer is titanium/tungsten alloy. This alloy is typically pri 
marily, e.g., greater than 50% tungsten, preferably, greater 
than 70% tungsten, and more preferably, greater than 80% 
tungsten. 

[0055] In particularly preferred aspects, the electrical cir 
cuitry includes a titanium/tungsten adhesion layer With a 
platinum overlay (Pt/TiW), Where the adhesion layer is in 
the range of approximately 50 to 600 A thick, preferably 
about from about 300 to 500 A thick, While the platinum 
layer is in the range of approximately 400 to 1200 A thick, 
preferably from about 700 to about 1100 A thick. Electrical 
circuitry comprised of this material, and Which falls Within 
the preferred thickness ranges, has demonstrated an ability 
to Withstand both the high temperatures of the bonding 
process as Well as the high current densities applied in the 
micro?uidic systems described herein. More conventional 
electrical circuitry compositions, e.g., gold/chrome (Au/Cr), 
platinum/chrome (Pt/Cr), and the like, shoWed substantial 
degradation under these conditions, and particularly at the 
?uid/metal interface. 

[0056] FIGS. 3B and 3C illustrate the interfacing of the 
micro?uidic device shoWn in FIG. 3A, With the electrical 
leads from the electrical controller. As shoWn, the microf 
luidic device 10 may be readily inserted into an appropri 
ately siZed slot 310 on a multi-port coupler 312. Within the 
slot 310, is a series of electrical contacts 314 or leads, Which 
are electrically coupled to the electrical controller (not 
shoWn). Each contact is positioned Within the slot 310 to 
separately contact each of the electrical contact pads 304 on 
the device 10. Each of these contacts is typically a ?exible 
contact, e.g., ?exibly mounted Within the slot 310, Whereby 
When the extended region 302 of the device 10 is inserted 
into the slot 310, each of the electrical contacts in the slot is 
pressed against its corresponding electrical contact pad 304 
on the device 10. 

[0057] In a related embodiment, the electrical interface 
array is optionally disposed along more than one edge of the 
micro?uidic device. This is accomplished in a similar man 
ner as provided in FIG. 3, except that the bottom substrate 
extends beyond more than one edge of the top substrate, 
providing extended regions along several or all edges of the 
micro?uidic device. In one preferred aspect, the extended 
portion of the bottom substrate is provided by the presence 
of recessed regions of the top substrate, exposing portions of 
the surface of the bottom substrate upon Which electrical 
contact pads are disposed. An example of a device incor 
porating this alternative structure for an electrical interface 
array is illustrated in FIGS. 4A-4D. 

[0058] As shoWn, in FIG. 4A, the device 10 is again 
fabricated With a layered construction, including a top 
substrate 22 and a bottom substrate 12, Where the top 
substrate includes a plurality of ports 24 disposed there 
through, providing access to the channels/chambers in the 
interior portion of the device (not shoWn). A plurality of 
recessed regions 402 are provided along the edges of the top 
substrate 22. When the top substrate is mated With the 
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bottom substrate, these recessed regions in the top substrate 
leave portions or regions 404 of the surface of the bottom 
substrate exposed. The electrical contact pads, as previously 
described, are deposited in these exposed regions, providing 
access points for connection to the electrical leads from the 
electrical controller. Again, these contact pads are electri 
cally coupled to the various ports 24 of the device 10, e.g., 
via appropriate circuitry. 

[0059] In the case of the device shoWn in FIG. 4A, 
interfacing the device With the electrical controller is option 
ally carried out by any one of the methods described above. 
For example, a cover element, e.g., a clam-shell as shoWn in 
FIG. 2, is used to interface the device With the controller. In 
this instance, the electrode pins, or optionally, correspond 
ing, ?exible electrical contacts, mounted on the cover ele 
ment, are positioned to contact and are preferably contacted 
With or pressed against the electrical contact pads in the 
recessed regions of the top substrate of the device, e.g., 
through the inclusion of a pressure or Wiping contact. 

[0060] In an alternate aspect, the device shoWn in FIG. 4A 
is inserted into a complementary coupler assembly Which 
contains the electrical leads from the controller, or appro 
priate interface circuitry for interfacing each electrical con 
tact pad on the device With one of the leads. Each lead or 
portion of interfacing circuitry, is appropriately positioned 
Within the coupler assembly to contact a separate electrical 
contact pad on one edge of the device. This alternate 
construction is illustrated in FIGS. 4B, 4C and 4D. In 
particular, FIG. 4B shoWs the micro?uidic device 10 and the 
coupler assembly 410. The coupler assembly includes a 
main body portion 412 Which has an opening 414 disposed 
through it, Which opening is adapted to receive the device 
10. As shoWn, this opening includes protruding portions 416 
along the inner edge of the opening, Which extend into the 
opening and are positioned and shaped to mate With the 
recessed regions 402 on the device 10. Electrical circuitry, in 
the form of an electrical interface pin 418, is mounted on the 
bottom surface of each of these protruding portions of the 
adapter Whereby the electrical interface pin Will contact the 
electrical contact pad disposed on the exposed surface 404 
Within the recessed regions 402 of the device. Each electrical 
interface pin extends out from the coupler assembly so as to 
provide a connection point at Which the pin may be coupled 
to an appropriate electrical lead from the controller. As 
shoWn in FIGS. 4B-4D, each pin 418 is angled, e.g., at a 90° 
angle, so that it contacts the contact pad in a recessed region 
on the device in a horiZontal orientation, but extends out the 
bottom surface of the coupler assembly 410 in a vertical 
orientation, past the device 10. Further, each electrical 
interface pin is also recessed, or disposed Within a slot, on 
the bottom surface of the protruding portion and interior 
edge of the opening in the coupler assembly’s body struc 
ture. This permits a snug ?t betWeen the device and the 
coupler assembly. 

[0061] The overall device/coupler assembly is particularly 
advantageous in providing a micro?uidic system that is 
readily interfaced With an electrical controller, simply by 
plugging the overall device/coupler into an appropriately 
con?gured electrical connection. In some aspects, the ori 
entation of the electrical interface pins extending from the 
bottom of the device/coupler assembly, is the same as that 
orientation used in conventional integrated circuits, e.g., 
















