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(57) ABSTRACT 

A method and system for performing mixing in a low 
volume, loW aspect ratio micro?uidic chamber (3) is 
described. TWo or more mixing bladders (13,15) formed 
adjacent the micro?uidic chamber are in?ated and de?ated 
in reciprocating fashion to cause inWard and outWard de?ec 
tion of discrete regions of the chamber Wall to mix ?uid 
Within the chamber. Mixing bladders are actuated by air or 
another gas, or by a liquid such as Water, pumped in and out 
of the bladders With a pump Which may be located remote 
from the micro?uidic device including the micro?uidic 
chamber. In an alternative embodiment, mixing is generated 
by applying alternating mechanical forces to a surface of a 
?exible chamber forming device. The micro?uidic chamber 
may be a hybridization chamber formed on a microarray 
(25) slide With the use of a microarray interface device, or 
it may be a micro?uidic chamber formed in various other 
types of micro?uidic devices. 
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FLUID MIXING IN LOW ASPECT RATIO 
CHAMBERS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of PCT 
Application PCT/US02/07113, ?led Mar. 8,2002, Which 
application claims the bene?t of US. Provisional Applica 
tion 60/274,389, ?led Mar. 9, 2001, US. Provisional Appli 
cation 60/284,427, ?led Apr. 17, 2001, US. Provisional 
Application 60/313,703, ?led Aug. 20, 2001, and US. 
Provisional Application 60/339,851, ?led Dec. 12, 2001. It 
is also a continuation-in-part of PCT Application PCT/ 
US02/ , ?led Aug. 2, 2002 and identi?ed by Attorney 
Docket No. 3153.2.17. The foregoing applications are incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the area of microf 
luidic devices. In particular, it. relates to methods and 
systems for agitating or mixing ?uids in chambers of microf 
luidic devices. More particularly, it relates to methods and 
systems for generating agitation or mixing in loW aspect 
ratio chambers formed on substrates bearing immobiliZed 
biological or biochemical samples or compounds. 

[0004] 2. Description of Related Art 

[0005] A variety of biological and chemical assays have 
been developed for detecting the presence of compounds of 
interest in samples. In the biomedical ?eld, methods for 
detecting the presence of speci?c nucleotide sequences, 
proteins or peptides are utiliZed, for example, in diagnosing 
various medical conditions, determining predisposition of 
patients to diseases, and performing DNA ?ngerprinting. In 
general, biological and chemical assays are based on expos 
ing an unknoWn sample to one or more knoWn reactants and 
monitoring the progress or measuring the outcome of the 
reaction. There is currently a high level of interest in the 
development of high throughput methods for performing 
multiple biological and chemical analyses of this type simul 
taneously, quickly, and conveniently. 

[0006] One recently developed method for performing 
multiple chemical reactions simultaneously is to form a 
microarray of multiple spots of reactant molecules on a 
planar substrate such as a glass microscope slide, typically 
in a tWo-dimensional grid pattern, and apply liquid reagents 
and reactants to the slide to contact multiple spots simulta 
neously. Various reaction steps may be performed With the 
bound molecules in the microarray, including exposure of 
bound reactant molecules to liquid reagents or reactants, 
Washing, and incubation steps. It is typical to immobiliZe 
knoWn reactants on the substrate, expose an unknoWn liquid 
sample to the immobiliZed reactants, and query the reaction 
products in order to characteriZe the sample. HoWever, it is 
also possible to immobiliZe one or more unknoWn samples 
on the substrate and expose them to a liquid containing one 
or more knoWn reactants. 

[0007] Microarrays are frequently used in analysis of 
DNA samples, but may also be used in diagnostic testing of 
other types of samples. Spots in microarrays may be formed 
of various large biomolecules, such as DNA, RNA, and 
proteins, smaller molecules such as drugs, co-factors, sig 
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naling molecules, peptides or oligonucleotides. Cultured 
cells may also be groWn onto microarrays. As an example, 
if it is desired to detect the presence of particular DNA 
sequences in a patient sample, the sample is exposed to a 
microarray of spots formed of oligonucleotides having 
sequences complementary to sequences of interest. The 
occurrence of hybridiZation betWeen the sample and a 
knoWn sequence in a particular spot then indicates the 
presence and perhaps, additionally the quantity, of the 
sequence associated With that spot in the sample. 

[0008] Microarrays offer great potential for performing 
complex analyses of samples by carrying out multiple 
detection reactions simultaneously. HoWever, some of the 
current limitations of microarrays are the time and care 
required to process slides, the dif?culty in obtaining consis 
tent, high quality results, and limited sensitivity, Which 
makes detection of loW-expression genes dif?cult. The need 
for high quality microarray processing is particularly pro 
nounced because individual microarray slides are expensive 
and only limited quantities of the samples used in the 
reactions may be available, making it particularly important 
to obtain good results consistently. 

[0009] It is often desirable that reactions performed on 
microarrays consume minimal quantities of sample, due to 
the limited sample availability, as noted above. HoWever, 
When small quantities of sample ?uid are spread out over the 
area of the microarray, the ?uid layer is very thin, leading to 
the possibility that, if no mixing is provided, the sample ?uid 
Will become locally depleted of a particular sequence over 
the spot binding that sequence. As target is depleted, reaction 
kinetics sloW, resulting in a loWer signal. This is a greater 
problem for loW-abundance sequences. It is considered 
particularly desirable that hybridiZation be performed in a 
loW-volume chamber, With mixing. LoW volumes alloW for 
higher concentration of reactants that are in limited supply, 
While mixing maintains initial kinetic rate and thus produces 
more reaction products. 

[0010] A number of approaches have been proposed for 
providing mixing on microarray slides. These include apply 
ing acoustic energy to the hybridiZation mixing (e.g., PCT 
publication No. WO/0170381 or US. Pat. No. 5,922,591), 
or pumping ?uids in and out of the hybridiZation chamber or 
pumping ?uids back and forth betWeen several chambers or 
betWeen separate compartments of a single chamber (e.g., 
PCT publication WO/0201184, US. Pat. No. 5,922,591), 
sometimes With the inclusion of dividers, particles, or 
bubbles Within the chamber to enhance mixing. HoWever, 
these methods depend on the use of relatively large sample 
volumes, large hybridiZation chambers, and inconvenient or 
complicated equipment, and in some cases require the use of 
specially designed slides or other substrates. There remains 
a need for a system that provides a mixing function in a loW 
volume hybridiZation chamber suitable for use With com 
mon microarray slides. 

SUMMARY OF THE INVENTION 

[0011] The present invention is a method and system for 
providing mixing in loW-volume hybridiZation chambers 
suitable for use With common microarray slides. The mixing 
technology according to the invention may be incorporated 
into several types of microarray interface devices suitable 
for forming loW-volume hybridiZation chambers, as 
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described in commonly-oWned patent applications PCT 
Application PCT/US02/07113, ?led Mar. 8, 2002 and PCT 
Application PCT/US02/ , ?led Aug. 2, 2002. 

[0012] The novel mixing mechanism is not limited to use 
in hybridization chamber devices, and may also be incor 
porated into other types of ?uid handling devices to generate 
?uid movement and mixing in many types of micro?uidic 
chambers or channels, particularly those having loW aspect 
ratio chambers or channels having at least one microscale 
dimension. 

[0013] Mixing according to the invention is produced by 
the in?ation and de?ation of mixing bladders located adja 
cent to the micro?uidic chamber or channel causing inWard 
or outWard de?ection of the chamber Wall, and consequently 
displacement of ?uid Within the chamber. InWard de?ection 
of the chamber Wall in one region of the chamber is 
accompanied by outWard de?ection of the chamber Wall in 
another region of the chamber, so that the total volume of the 
chamber remains substantially constant. The mixing blad 
ders may be formed from recesses or openings in the device 
structure covered by a thin, ?exible membrane. The ?exible 
membrane may be formed integrally With the material in 
Which the recess is formed, or may be a sheet of ?exible 
sheet material adhered thereto. 

[0014] Bladders are activated by positive and negative air 
(or other gas) pressures that may be generated remote to the 
micro?uidic device. Alternatively, Water or other liquid may 
be pumped in and out of the bladders to generate de?ections 
of the chamber Wall. Bladders and associated air (?uid) lines 
can be incorporated into the design of micro?uidic devices 
relatively simply and inexpensively, and therefore are suit 
able for use in devices intended for one-time use. 

[0015] In a further alternative embodiment of the device, 
externally applied mechanical forces may be used to de?ect 
the chamber Wall and thus produce mixing in loW aspect 
ratio chamber. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1 is a schematic cross-sectional diagram of a 
micro?uidic chamber With adjacent mixing bladders. 

[0017] FIG. 2 is an exploded vieW of a microarray slide 
and ?rst embodiment of an interface device for forming a 
micro?uidic chamber on the slide surface. 

[0018] FIG. 3 is a transparent exploded vieW of a microar 
ray slide and a second embodiment of an interface device for 
forming a micro?uidic chamber on the slide surface. 

[0019] FIG. 4 is a schematic cross-sectional vieW of a 
microarray slide and interface device as depicted in FIG. 3. 

[0020] FIG. 5 is a top vieW of the interface device of FIG. 
2 attached to a slide. 

[0021] FIG. 6 illustrates the use of manifolds to connect 
positive and negative pressure sources to multiple interface 
devices. 

[0022] FIG. 7 is a cross sectional vieW of the interface 
device of FIG. 2, shoWing clamping of the device to air lines 
from a pressure source. 

[0023] FIG. 8 depicts an exemplary barbed ?tting for 
connecting an air tube to an interface device. 
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[0024] FIG. 9 is a cross-sectional vieW of an embodiment 
of the device in Which pressure is actively controlled in one 
mixing bladder. 

[0025] FIG. 10 illustrates a microarray interface device 
having tWo narroW passive diaphragms. 

[0026] FIG. 11 illustrates a device con?guration in Which 
both mixing bladders are alternately sWitched betWeen a 
pressure source and the atmosphere. 

[0027] FIG. 12 is a schematic cross-sectional vieW of 
another alternative embodiment of the invention. 

[0028] FIG. 13 is an exploded vieW of a system in Which 
tWo mixing bladders overlie multiple reaction chambers. 

[0029] FIG. 14 depicts an alternative method of forming 
mixing bladders. 

[0030] FIG. 15 illustrates the application of mechanical 
pressure to generate mixing. 

[0031] FIGS. 16A and 16B illustrate an alternative 
method of applying mechanical pressure to generate mixing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The invention is illustrated in the schematic vieW 
of FIG. 1, Which is a cross-sectional schematic of a microf 
luidic device 1 having a loW aspect ratio chamber 3. Inlet 
port 5 and outlet port 7 provide for the introduction and 
removal, respectively, of ?uids to and from chamber 3. Thin 
diaphragm regions 9 and 11 are located betWeen chamber 3 
and mixing bladders 13 and 15, respectively, and are dis 
placed into and out of chamber 3 by in?ation and de?ation 
of mixing bladders 13 and 15 to generate ?uid movement 
Within chamber 3. An increase of pressure in mixing bladder 
13 leads to de?ection of diaphragm region 9 into chamber 3, 
While a simultaneous decrease of pressure in mixing bladder 
15 leads to de?ection of diaphragm region 11 out of chamber 
3, to cause ?uid movement in the direction indicated by the 
arroW. Similarly, an increase in pressure in mixing bladder 
15 coupled With a decrease in pressure in mixing bladder 13 
leads to inWard de?ection of diaphragm region 11 and 
outWard de?ection of diaphragm 9 With respect to chamber 
3, to produce ?uid movement in the opposite direction from 
the arroW. Each mixing bladder 13 and 15 has at least one 
air connection 17 or 19, respectively, Which communicates 
With a pressure source 91 that provides for air (or other gas 
or liquid) to be moved in and out of the mixing bladders. 
Chamber 3 has a height 21 that is small With respect to its 
length 23. The ratio of chamber height 21 to chamber length 
23 may range from about 1:30 to about 1:10,000, is prefer 
ably betWeen about 1:100 and about 1:1,000, and is most 
preferably betWeen about 1:200 and about 1:300. Height 21 
of chamber 3 is also small With respect to the Width of 
chamber 3. The height 21 of chamber 3 Will have a micros 
cale dimension ranging from a feW microns to several 
hundred microns. Typical dimensions are in the range of 
about 10 to about 500 pm, although for different applica 
tions, the preferred range may vary, and devices according 
to the present invention may be constructed With chamber 
heights of as much as 1 or more millimeters. For hybrid 
iZations performed on standard microarray slides, a chamber 
height of about 10 pm to about 50 pm is preferred, With a 
height of betWeen about 10 pm and about 37 pm being more 
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preferred, and a height of about 15 pm to about 30 pm being 
most preferred. For other applications, in Which the chamber 
contains bulkier reactant materials, such as cells, tissue, 
beads, etc., a larger chamber height may be preferred, e.g., 
in the range of about 50 to about 1000 pm, and most 
preferably 50 to 300 pm. The preferred chamber height may 
also depend on the volume and concentration of available 
sample. The chamber Width Will typically be smaller than 
the chamber length. Anumber of different chamber con?gu 
rations Will be described in connection With particular 
embodiments of the invention. 

EXAMPLE 1 

[0033] FIG. 2 depicts a ?rst exemplary embodiment of the 
invention in the form of an adhesive laminate microarray 
interface device designed for performing hybridiZations on 
a conventional 1“><3“ microarray slide. The device illus 
trated in FIG. 2 is described more fully in commonly oWned 
patent application PCT/US02/ (Attorney Docket No. 
3153.2.17). The microarray interface device 1 is designed to 
attach to a glass microarray slide 25 by means of an adhesive 
gasket 27 to form a hybridiZation chamber, equivalent to 
corresponding chamber 3 in FIG. 1, Which contains a 
microarray of arrayed spots 26 of DNA or other material of 
interest. The device is useful for microarray processing, 
because providing mixing of labeled target solution during 
the hybridiZation process in a loW volume hybridiZation 
chamber may lead to improved sensitivity and more repro 
ducible microarray processing. The microarray interface 
device is particularly designed for use With conventional 
microarray slides, but may also be used to process cytology 
or histology slides, or slides With any other types of material 
that are processed by delivering ?uids to the surface of the 
slide. The chamber on the slide surface is referred to as a 
hybridiZation chamber When the device is used With slides 
on Which DNA hybridiZation is performed. When used With 
for other applications, the chamber may be described simply 
as a reaction or processing chamber. 

[0034] The microarray interface device shoWn in FIG. 2 is 
formed of a top layer 29, an intermediate adhesive layer 31, 
a diaphragm layer 33, and an adhesive gasket 27. Adhesive 
gasket 27 de?nes the height, Width, and length of the 
hybridiZation chamber. The length and Width of the chamber 
are de?ned by opening 35 in gasket 27, Which is preferably 
large enough to accommodate all of the arrayed spots 26. 
The ends of opening 35 may be tapered at ends 66 and 68, 
as shoWn, to prevent the entrapment of air during loading of 
liquid into the chamber. It is usually preferred that the 
thickness of adhesive gasket 27, Which de?nes the height of 
chamber 3, is as small as possible to reduce the volume of 
the chamber. Exemplary dimensions for the chamber are a 
25 pm high, 20 mm Wide, and 60 mm long. A chamber 
formed as depicted in FIG. 2 and having these dimensions 
Will have a volume of about 38 pl. As noted previously, the 
height of the chamber (i.e., the smallest dimension, Whether 
the chamber as a Whole has a vertical, horiZontal, or angled 
orientation) may range in siZe from a feW microns to several 
hundred microns. A loW chamber height means that a 
smaller sample volume Will be required in order to cover a 
microarray having a particular length and Width. HoWever, 
a number of factors in?uence the loWest possible height for 
the chamber. If the chamber height is too small, it may be 
dif?cult to ?ll the chamber With sample. Also, smoothness of 
the slide surface and the chamber Wall are critical When the 
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chamber height is small, since uneven surfaces Will cause 
non-uniform ?oW of ?uid into the chamber, leading to 
trapping of air bubbles, and uneven thickness of the ?uid 
layer on the microarray once the chamber has been ?lled. If 
the chamber height is too large relative to the siZe and 
?exibility of the diaphragms, the displacement of the dia 
phragms into the chamber Will not displace a large enough 
percentage of the chamber volume to generate ef?cient 
mixing. The length and Width of the chamber can be 
considerably larger than the height, With the length greater 
than or equal to the Width. The length may range from about 
1 cm to about 20 cm, and more typically from about 2 cm 
to about 7 cm, and the Width may range from about 1 mm 
to about 10 cm, or more typically about 1 cm to about 2 cm. 
The volume of the reaction chamber of the inventive device 
may vary over several orders of magnitude, depending on 
the particular chamber dimensions selected, ranging from 
loW values on the order of a microliter to maximum values 
on the order of a milliliter. Preferred volumes for hybrid 
iZations performed on conventional microarray 1“><3“ slides 
Will range from about 10 to about 50 pl. 

[0035] The device in FIG. 2 has gasket 27 that provides a 
perimeter Wall about the loW aspect ratio chamber, With 
surface 37 of diaphragm layer 33 forming a substantially 
planar ?rst main Wall of the chamber, and surface 39 of slide 
25 forming a substantially planar second main Wall of the 
chamber. Diaphragm layer 33 typically de?nes the upper 
surface of the hybridiZation chamber 3. As shoWn in FIG. 1 
portions of diaphragm layer 33 function as ?exible dia 
phragm regions 9 and 11, Which form the loWer surface of 
mixing bladders 13 and 15. Referring noW to FIG. 2, the 
mixing bladders are de?ned by openings 45 and 47 in 
intermediate adhesive layer 31, and bounded beloW by 
diaphragm layer 33 and above by top layer 29. Air channels 
49 and 51 are also de?ned by intermediate adhesive layer 31 
and bounded beloW by diaphragm layer 33 and above by top 
layer 29. Holes 53 and 55 provide access to air channels 49 
and 51, respectively, through diaphragm layer 33, for con 
nection of mixing bladders to a pressure source. Possible 
pressure sources Will be described in detail subsequently. 
Holes 57 and 59 in top layer 29, holes 61 and 63 in 
intermediate adhesive layer 31, and holes 65 and 67 in 
diaphragm layer 33 are aligned to form inlet port 5 and outlet 
port 7, respectively, through Which ?uids enter and exit the 
hybridiZation chamber. Referring to FIG. 1, inlet port 5 and 
outlet port 7 are preferably small to minimiZe the dead 
volume contained Within. Referring to FIG. 2, inlet port 5 
and outlet port 7 preferably connect to opposite ends 66 and 
68 of opening 35, respectively. Inlet port 5 and outlet port 7 
are located close enough to the edge of opening 35 that they 
are supported by the adhesive gasket 27 so that they do not 
collapse against the slide surface 39 When pressure is 
applied by a pipette or micro syringe used to introduce 
solution into the hybridiZation chamber. 

[0036] The device of FIG. 2 is formed of semi-rigid stock 
sheet and ?lm materials that are made of neutral hydropho 
bic/hydrophilic materials, such as copolyester, KaptonTM, 
polycarbonate, polystyrene, polypropylene, etc. Diaphragm 
layer 33 may be formed of polyester ?lm, polyether imide, 
or polyimide. Adhesive gasket 27 and intermediate adhesive 
layer 31 may be formed from a commercially available 
adhesive ?lm, such as acrylic transfer ?lm adhesive, silicone 
transfer ?lm, or adhesive ?lms formed of acrylic, urethane, 
rubber, silicone, or other such adhesives. Alternatively, 






















