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(57) ABSTRACT 
A method is provided for ?uid ?ow containment in an open 
liquid environment at least partially de?ned by a surface. The 
method includes the step of positioning a micro?uidic device 
over the surface. The micro?uidic device de?nes a chamber 
having a height. A ?ow of ?uid is applied in the chamber. The 
pressure of the ?ow of ?uid is monitored and the height of the 
chamber is determined from the measured pressure of the 
?ow of ?uid. 

35 Claims, 4 Drawing Sheets 
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METHOD FOR FLUID FLOW 
CONTAINMENT IN AN OPEN LIQUID 

ENVIRONMENT 

REFERENCE TO GOVERNMENT GRANT 

This invention was made with United states government 
support under 0845294 awarded by the National Science 
Foundation. The United states government has certain rights 
in this invention. 

FIELD OF THE INVENTION 

This invention relates generally to micro?uidic environ 
ments, and in particular, to a method for ?uid ?ow contain 
ment in an open liquid environment. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

Micro?uidic devices have shown tremendous promise for 
the manipulation, control, and measurement of environments 
and processes in cell biology studies. Miniaturization pro 
vides multiple bene?ts including, but not limited to, shorter 
reaction times, better control through laminar ?ow and par 
allel measurements. Despite the numerous advantages of 
micro?uidics in cell biology research, the adoption and use of 
the technology outside the labs specialiZing in micro?uidics 
has been limited. The primary reason for this limited adoption 
of micro?uidics in cell biology research is a lack of compat 
ibility between micro?uidic devices and traditional cell cul 
ture approaches. More speci?cally, micro?uidic devices are 
closed channels fabricated from plastic and/ or glass and 
require that cells be cultured or inserted into these closed 
channels in order to use the device for cell biology studies. 
Maintaining appropriate gas exchange and nutrient delivery 
for cell culture in channels is di?icult and questions remain 
about comparing data from cells cultured in channels and 
cells grown using traditional methods. 

Therefore, it is a primary object and feature of the present 
invention to provide a method for ?uid ?ow containment in an 
open liquid environment. 

It is a further object and feature of the present invention to 
provide a method for ?uid ?ow containment in an open liquid 
environment that allows for compatibility between a microf 
luidic device and traditional cell culture approaches. 

It is a still further object and feature of the present invention 
to provide a method for ?uid ?ow containment in an open 
liquid environment that is simple to perform. 

It is a still further object and feature of the present invention 
to provide a method for ?uid ?ow containment in an open 
liquid environment that allows for a user to create a desired 
micro?uidic environment around a cell. 

In accordance with the present invention, a method is pro 
vided for ?uid ?ow containment in an open liquid environ 
ment at least partially de?ned by a surface. The method 
includes the step of positioning a micro?uidic device over the 
surface. The micro?uidic device de?nes a chamber having a 
height. A ?ow of ?uid is applied in the chamber and the 
pressure of the ?ow of ?uid is monitored. Thereafter, the 
height of the chamber is determined by monitoring the pres 
sure of the ?ow of ?uid. 
The micro?uidic device includes an input port and an out 

put port. The input and output ports are in communication 
with the chamber. A second input port may also be provided 
in the micro?uidic device. The second input port also com 
municates with the chamber. Fluid is ?owed into the chamber 
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2 
through the second input port to direct the ?ow of ?uid over a 
user-selected portion of the surface. The step of applying the 
?ow of ?uid in the chamber may include the additional step of 
?owing ?uid into the chamber through the input port. The 
?uid exits the chamber through the output port. 

It is contemplated to deposit a cell on the surface such that 
the ?ow of ?uid in the chamber provides hydrodynamic load 
ing on the cell. The hydrodynamic loading on the cell may be 
varied. The hydrodynamic loading on the cell may be varied 
by varying the ?ow rate of the ?ow of ?uid or by varying the 
height of the chamber. In addition, the hydrodynamic loading 
on the cell may be monotonically increased the over time. 
An electric ?eld may be generated that intersects the cham 

ber by providing ?rst and second spaced electrodes in com 
munication with the chamber. A cell may be deposited on the 
surface such that the electric ?eld intersects the cell. 

In accordance with a further aspect of the present inven 
tion, a method is provided for ?uid ?ow containment in an 
open liquid environment at least partially de?ned by a sur 
face. The method includes the step of positioning a microf 
luidic device over the surface. The micro?uidic device de?nes 
a chamber having a height and includes input and output ports 
in communication with the chamber. Fluid is ?owed into the 
chamber through the input port. The ?uid ?owing in the 
chamber has a pressure and exits the chamber through the 
output port. The height of the chamber is adjusted in response 
to the pressure of the ?uid ?owing in the chamber. 

Input port may be a ?rst input port and the method may 
include the additional step of providing a second input port in 
the micro?uidic device. The second input port also commu 
nicates with the chamber. Fluid ?owing into the chamber 
through the second input port directs the ?ow of ?uid over a 
user-selected portion of the surface. 

It is contemplated to deposit a cell on the surface such that 
the ?uid ?owing in the chamber provides hydrodynamic load 
ing on the cell. The hydrodynamic loading on the cell may be 
varied. The hydrodynamic loading on the cell may be varied 
by varying the ?ow rate of the ?ow of ?uid or by varying the 
height of the chamber. In addition, the hydrodynamic loading 
on the cell may be monotonically increased the over time. 
An electric ?eld may be generated that intersects the cham 

ber by providing ?rst and second spaced electrodes in com 
munication with the chamber. A cell may be deposited on the 
surface such that the electric ?eld intersects the cell. 

In accordance with a still further aspect of the present 
invention, a method is provided for ?uid ?ow containment in 
an open liquid environment at least partially de?ned by a 
surface. The method includes the step of providing a microf 
luidic device having a lower surface and ?rst and second 
horizontally spaced sidewalls depending therefrom. The 
micro?uidic device is positioned over the surface such that 
the lower surface, the ?rst and second sidewalls and the sur 
face de?nes a chamber. Fluid is ?owed into the chamber. The 
sidewalls are vertically spaced from the surface and con?ne 
the ?owing ?uid in the chamber. 
The method may include the additional steps of depositing 

a cell on the surface in the chamber such that the ?uid ?owing 
in the chamber provides hydrodynamic loading on the cell; 
varying the hydrodynamic loading on the cell; and monitor 
ing the cell for delamination from the surface. 
The micro?uidic device includes an input port and an out 

put port. The input and output ports are in communication 
with the chamber. A second input port may be provided in the 
micro?uidic device. The second input port also communi 
cates with the chamber. Fluid is ?owed into the chamber 
through the second input port to direct the ?uid ?owing in the 
chamber over a user-selected portion of the surface. A second 
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output port may also be provided in the micro?uidic device. 
The second output port also communicates with the chamber. 
Fluid ?owing out of the chamber may also ?ow through the 
second output port. 
The step of ?owing ?uid into the chamber includes the step 

of ?owing ?uid into the chamber through the input port. The 
?uid exiting the chamber ?ows through the output port. It is 
contemplated to vary the hydrodynamic loading on the cell by 
varying the ?ow rate of the ?ow of ?uid or by varying the 
height of the chamber. In addition, the hydrodynamic loading 
on the cell may be monotonically increased the over time. 
An electric ?eld may be generated that intersects the cham 

ber by providing ?rst and second spaced electrodes in com 
munication with the chamber. A cell may be deposited on the 
surface such that the electric ?eld intersects the cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings furni shed herewith illustrate a preferred con 
struction of the present invention in which the above advan 
tages and features are clearly disclosed as well as others 
which will be readily understood from the following descrip 
tion of the illustrated embodiment. 

In the drawings: 
FIG. 1 is an isometric view of a micro?uidic device for 

effectuating the methodology of the present invention; 
FIG. 2 is an enlarged, cross sectional view of the microf 

luidic device taken along line 2-2 of FIG. 1; 
FIG. 3 is an enlarged, cross sectional view of the microf 

luidic device taken along line 3-3 of FIG. 2; 
FIG. 4 is a schematic, side elevational view of a three axis 

stage for effectuating the methodology of the present inven 
tion; 

FIG. 5 is an enlarged, side elevational view of a clamping 
device of the three axis stage supporting the micro?uidic 
device taken along line 5-5 of FIG. 4; 

FIG. 6 is a cross sectional view of the micro?uidic device 
of FIG. 1 positioned above a Petri dish to effectuate the 
methodology of the present invention; and 

FIG. 7 is a cross sectional view of an alternate embodiment 
of a micro?uidic device positioned above a Petri dish to 
effectuate the methodology of the present invention 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIGS. 1-3 and 6, a micro?uidic device for 
effectuating the methodology of the present invention is gen 
erally designated by the reference numeral 10. It is intended 
for device 10 to allow for ?uid ?ow containment in an open 
liquid environment. The methodology of the present inven 
tion may be used in connection with a wide variety of appli 
cations including, but not limited to, the chemical treatment 
of cells, the patterning of proteins on a surface and/or the 
measuring of the adhesion strength of single cell 11 on sur 
face 13 of traditional cell culture labware, e.g. a multiwell 
plate or Petri dish 15, as hereinafter described. Micro?uidic 
device 10 is de?ned by ?rst and second layers 16 and 18, 
respectively. First layer 16 is formed preferably from a silicon 
material and includes upper and lower surfaces 20 and 22, 
respectively, interconnected by ?rst and second ends 24 and 
25, respectively, and ?rst and second sides 26 and 28, respec 
tively. First and second spaced cavities 30 and 32, respec 
tively, are formed in upper surface 20 of ?rst layer 16. 

First cavity 30 is de?ned by bottom surface 34 which is 
spaced from upper surface 20 of ?rst layer 16 by generally 
arcuate sidewall 36. Sidewall 36 terminates at ?rst and second 
opposite ends 38 and 40, respectively. First and second chan 
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4 
nel walls 42a and 42b, respectively, project from correspond 
ing ends 38 and 40, respectively, of sidewall 36. First and 
second channel walls 42a and 42b, respectively, are generally 
parallel to each other and de?ne ?rst channel 44 therebe 
tween. First channel 44 terminates at terminal end 46 which 
communicates with input opening 48. Input opening 48 
extends between bottom surface 34 and lower surface 22 of 
?rst layer 16, for reasons hereinafter described. 

Second cavity 32 is de?ned by bottom surface 50 spaced 
from upper surface 20 of ?rst layer 16 by generally arcuate 
sidewall 52. Bottom surface 50 is generally co-planar with 
bottom surface 34. Sidewall 52 terminates at ?rst and second 
opposite ends 54 and 56, respectively. First and second chan 
nel walls 58a and 58b, respectively, project from correspond 
ing ends 54 and 56, respectively, of sidewall 52. First and 
second channel walls 58a and 58b, respectively, are generally 
parallel to each other and de?ne second channel 60 therebe 
tween. Second channel 60 is generally coaxial with ?rst chan 
nel 44 and terminates at terminal end 62 which communicates 
with output opening 64. Output opening 64 extends between 
bottom surface 50 and lower surface 22 of ?rst layer 16, for 
reasons herein after described. 

Second layer 18 of micro?uidic device 10 is formed pref 
erably from a polymeric material and includes upper and 
lower surfaces 66 and 68, respectively, interconnected by ?rst 
and second ends 70 and 72, respectively, and ?rst and second 
sides 74 and 76, respectively. Lower surface 68 of second 
layer 18 is positioned on and bonded to upper surface 20 of 
?rst layer 16 such that ?rst and second ends 70 and 72, 
respectively, of second layer 18 are generally coplanar with 
?rst and second ends 24 and 25, respectively, of ?rst layer 16; 
and such that ?rst and second sides 74 and 76, respectively, of 
second layer 18 are generally coplanar with ?rst and second 
sides 26 and 28, respectively, of ?rst layer 16. Second layer 18 
further includes input 78 extending between upper and lower 
surfaces 66 and 68, respectively, that communicates with ?rst 
cavity 30. In addition, second layer 18 includes output 79 
extending between upper and lower surfaces 66 and 68, 
respectively, that communicates with second cavity 32. 

Referring to FIG. 4, in order to properly position microf 
luidic device 10 with respect to surface 11 of Petri dish 15, 
three axis stage 80 is provided. As is conventional, stage 80 
includes X-axis, Y-axis and Z-axis stages for moving microf 
luidic device 10 independently and precisely in the direction 
of the X-axis, the Y-axis or the Z-axis of rectangular coordi 
nates. Three axis stage 80 further includes bottom plate 82 
having an upper surface 84 adapted for receiving Petri dish 15 
thereon. Bottom plate 82 is supported on a supporting surface 
(not shown) and includes an opening 85 therethrough to 
accommodate objective 86 of an inverted microscope (not 
shown). Support 88 is operatively connected to bottom plate 
82 and extends vertically over opening 85. Lower end 90 
includes device clamp 92 for releasably supporting microf 
luidic device 10 at a user selected position over surface 13 of 
Petri dish 15, FIG. 5, as hereinafter described. It is contem 
plated for bottom plate 82 to be the stage of the inverted 
microscope (not shown) and for bottom plate 82 to be angu 
larly alignable such that surface 13 of Petri dish 15 is gener 
ally parallel to ?rst layer 16 of micro?uidic device 10. 

In operation, micro?uidic device 10 is mounted within 
device clamp 92 of three axis stage 80, FIG. 5. Input 78 and 
output 80 of second layer 18 of micro?uidic device 10 are 
operatively connected to corresponding input and output 
tubes 94 and 96, respectively, which, in turn, are connected to 
syringe pumps (not shown) or the like in conventional man 
ners. Referring to FIGS. 4 and 6, using three axis stage 80, 
micro?uidic device 10 is positioned above single cell 11 
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within the cell culture ?uid on surface 13 of Petri dish 15 such 
that a local micro?uidic chamber 98 having a user selected 
height h is created between lower surface 22 of ?rst layer 16 
and surface 13 of Petri dish 15. By way of example, it is 
contemplated for the height h of micro?uidic chamber 98 to 
be in the range of approximately 20 and 50 microns and the 
lateral distance L between input opening 48 and output open 
ing 64 in ?rst layer 16 of micro?uidic device 10 to be approxi 
mately 400 to 1000 microns. 
By maintaining the height h of micro?uidic chamber 98 

relatively small with respect to the lateral distance L between 
input opening 48 and output opening 64 in ?rst layer 16 of 
micro?uidic device 10, a ?ow ?eld, generally designated by 
the reference numeral 100, is created between lower surface 
22 of ?rst layer 16 and surface 13 of Petri dish 15. By injecting 
?uid into ?ow ?eld 100 through input opening 48 using the 
syringe pump, laminar ?ow of the ?uid from input opening 48 
to output opening 64 is achieved. It is noted that micro?uidic 
device 10 is not physically connected to Petri dish 15, and 
hence, can be moved in x, y and Z directions using three axis 
stage 80. As such, micro?uidic device 10 can be placed at any 
location adjacent upper surface 13 of Petri dish 15 and used to 
create local micro?uidic ?ow. Short walls 99 depend from 
lower surface 22 of ?rst layer 16 to assist in con?nement of 
the micro?uidic ?ow in micro?uidic chamber 98. 

In the case wherein the height h of micro?uidic chamber 98 
is smaller (at least 3-4>< times smaller) than the lateral dis 
tance L between input opening 48 and output opening 64, the 
?ow-rate Q through input and output openings 48 and 64, 
respectively, and the difference in ?uidic pressure AP 
between the outlet and inlet openings 48 and 64, respectively, 
are related by the following expression: 

Equation (1) 

wherein: AP is the pressure difference between inlet and 
outlet openings 48 and 64, respectively; C is a constant depen 
dant on the geometry of inlet and outlet openings 48 and 64, 
respectively; L is the effective length between inlet and outlet 
openings 48 and 64, respectively; w is the effective width of 
micro?uidic chamber 98; h is the height of micro?uidic 
chamber 98; and Q is the ?ow rate of the ?uid through input 
and output openings 48 and 64, respectively. 

It can be appreciated that constant C; the effective length L 
between input and output openings 48 and 64, respectively; 
and the effective width w of micro?uidic chamber 98 are ?xed 
for a given micro?uidic device 10. Further, the ?ow rate of the 
?uid through input and output openings 48 and 64, respec 
tively, may be set by the syringe pumps. Hence, the pressure 
difference AP between the input and output openings 48 and 
64, respectively, is only a function of the height of micro?u 
idic chamber 98. As a result, it can be appreciated that by 
measuring the pressure difference AP between the input and 
output openings 48 and 64, respectively, the height h of 
micro?uidic chamber 98 may be determined, thus allowing 
for closed loop control of the operation of micro?uidic device 
10. In other words, a control system may be implemented to 
maintain the height h of micro?uidic chamber 98 simply by 
monitoring the pres sure difference AP between the input and 
output openings 48 and 64, respectively. 
As heretofore described, the methodology of the present 

invention may be used in connection with a wide variety of 
applications including, but not limited to, the chemical treat 
ment of cells, the patterning of proteins on a surface and/ or the 
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6 
measuring of the adhesion strength of single cell 11 on sur 
face 13 of traditional cell culture labware, e.g. a multiwall 
plate or Petri dish 15. By way of example, in order to measure 
adhesion strength of cell 11 on a protein coated surface 13 of 
Petri dish 15, ?uid is injected into input 78 of second layer 18 
of micro?uidic device 10 by a ?rst syringe pump (not shown) 
so as to introduce ?uid into ?rst cavity 30 and ?rst channel 44. 
As the ?uid ?ows into micro?uidic chamber 98 through input 
opening 48, the syringe pump operatively connected to tube 
96 acts to aspirate cell culture ?uid though output opening 64. 
As described, ?uid injected into micro?uidic chamber 98 will 
?ow over cell 11 and generates a shear stress on cell 11 that is 
linearly proportional to the ?ow rate of the ?uid ?owing 
through micro?uidic chamber 98 and ?uid viscosity, and 
inversely proportional to the square of the height h of microf 
luidic chamber 98. Thus, the hydrodynamic loading on cell 11 
can be controlled by changing the ?ow rate (e.g., through a 
computer-controlled syringe pump) or by changing the height 
h of micro?uidic chamber 98. (e.g., by adjusting the position 
of micro?uidic device 10 with respect to single cell 11 within 
the cell culture ?uid on surface 13 of Petri dish 15 utiliZing 
three axis stage 80). In a typical cell adhesion test, the shear 
stress on cell 1 1 would be monotonically increased with time, 
as heretofore described, and cell 11 would be monitored 
utiliZing objective 86 of an inverted microscope (not shown). 
At a critical shear stress, cell 11 delaminates from surface 13 
of Petri dish 15 and the stress applied to cell 11 at delamina 
tion is de?ned as a shear strength. 
As described, the methodology of the present invention 

allows for the local application of ?uid ?ow to a cell, thereby 
permitting single-cell mechanics measurements. Further, the 
small dimensions of micro?uidic chamber 98 allow for high 
shear stresses to be applied on cell 11 while the ?uid ?owing 
in micro?uidic chamber 98 is maintained in the laminar 
regime. This arrangement differs from larger conventional 
assays wherein the switch from laminar ?ow to turbulent ?ow 
often limits the maximum shear stress that can be applied to a 
cell. As noted, the methodology of the present invention can 
be applied to cells cultured on a broad range of surfaces, 
including cells in Petri dishes, as heretofore described. In 
addition, the methodology of the present invention is com 
patible with existing microscopy techniques commonly used 
in the life sciences. Again, as previously noted, while the 
methodology of the present invention is described for use in 
connection with measuring the adhesion strength of single 
cell 11 on surface 13 of traditional cell culture labware, the 
methodology of the present invention may be used in connec 
tion with other applications including, but not limited to, the 
chemical treatment of cells, the patterning of proteins on a 
surface and/ or the applying local hydrodynamic loads to cells 
in order to study their response to mechanical stimuli, without 
deviating from the scope of the present invention. 

Referring to FIG. 7, an alternate embodiment of a microf 
luidic device for effectuating the methodology of the present 
invention is generally designated by the reference numeral 
110. It can be appreciated that micro?uidic device 110 is 
identical to micro?uidic device 10, except as hereinafter pro 
vided. As such, the previous description of micro?uidic 
device 10 is understood to describe the common elements of 
micro?uidic device 110, as if fully described herein. Com 
mon reference characters are used in order to facilitate under 
standing. 

In order to selectively treat a single cell in the open envi 
ronment de?ned by micro?uidic device 110, the concepts of 
electroporation and hydrodynamically con?ned ?uid ?ow are 
contemplated. As is known, electroporation is the application 
of an electrical ?eld to a cell, e.g. cell 11, in order to induce a 
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change in the cell’s membrane which facilitates the transport 
of large molecules that normally could not cross into the cell. 
Electroporation is often used to improve transfection e?i 
ciency. As heretofore described, the methodology of the 
present invention allows for the precise geometry of ?ow ?eld 
100 to be controlled such that ?ow ?eld 100 may be directed 
over a single, desired cell 11 that may, in turn, be surrounded 
by many other cells. In this fashion, cell 11 in a Petri dish 15 
can be treated. 

In order to generate electric ?eld 112, ?rst and second 
spaced electrodes 114 and 116, respectively, are mounted to 
lower surface 22 of ?rst layer 16 at locations adjacent input 
and output openings 48 and 64, respectively. First and second 
electrodes 114 and 116, respectively, are electrically coupled 
to a power source (not shown) in a conventional matter. In 
response to the charging of ?rst and second electrodes 114 
and 116, respectively, electric ?eld 112 is generated. 

In operation, with electric ?eld 112 generated, it is con 
templated to inject ?uid having cell treatments 118 contained 
therein into input 78 of second layer 18 of micro?uidic device 
110 with a ?rst syringe pump (not shown) so as to introduce 
?uid into ?rst cavity 30 and ?rst channel 44.As the ?uid ?ows 
into micro?uidic chamber 98 through input opening 48, the 
syringe pump operatively connected to tube 96 acts to aspi 
rate cell culture ?uid though output opening 64. As described, 
?uid injected into micro?uidic chamber 98 will ?ow over cell 
11. As heretofore described, electroporation of cell 11 with 
electric ?eld 112 induces a change in the membrane of cell 11 
which facilitates the transport of large molecules into cell 11. 

Various modes of carrying out the invention are contem 
plated as being within the scope of the following claims 
particularly pointing out and distinctly claiming the subject 
matter which is regarded as the invention. 
We claim: 
1. A method for ?uid ?ow containment in an open liquid 

environment at least partially de?ned by a surface, compris 
ing the steps of: 

positioning a micro?uidic device having an input port, an 
output port, and an exterior over the surface, the exterior 
of the micro?uidic device and the surface de?ning a 
chamber therebetween having a height; 

applying a ?ow of ?uid in the chamber from the input port 
to the output port along a path; 

monitoring the pressure of the ?ow of ?uid; 
determining the height of the chamber in response to the 

pressure of the ?ow of ?uid in the chamber; and 
maintaining the height of the chamber within a range to 

contain the ?ow of ?uid within the chamber along the 
path; 

wherein: 
the chamber partially de?nes the open liquid environment 

such that the chamber communicates with an environ 
ment external of the micro?uidic device. 

2. The method of claim 1 wherein the input and output ports 
are in communication with the chamber. 

3. The method of claim 2 further comprising the additional 
steps of: 

providing a second input port in the micro?uidic device, 
the second input port communicating with the chamber; 
and 

?owing ?uid into the chamber through the second input 
port to direct the ?ow of ?uid over a user-selected por 
tion of the surface. 

4. The method of claim 2 wherein the step of applying the 
?ow of ?uid in the chamber includes the step of ?owing ?uid 
into the chamber through the input port, the ?uid exiting the 
chamber through the output port. 
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8 
5. The method of claim 1 comprising the additional step of: 
depositing a cell on the surface such that the ?ow of ?uid in 

the chamber provides hydrodynamic loading on the cell; 
and 

varying the hydrodynamic loading on the cell. 
6. The method or claim 5 wherein the ?ow of ?uid has a 

?ow rate and wherein the step of varying the hydrodynamic 
loading on the cell includes the additional step of varying the 
?ow rate of the ?ow of ?uid. 

7. The method of claim 5 wherein the step of varying the 
hydrodynamic loading on the cell includes the additional step 
of monotonically increasing the hydrodynamic loading on the 
cell over time. 

8. The method of claim 5 wherein the step of varying the 
hydrodynamic loading on the cell includes the additional step 
of varying the height of the chamber. 

9. The method of claim 8 wherein the height of the chamber 
is less than 100 microns. 

10. The method of claim 1 comprising the additional step 
of generating an electric ?eld that intersects the chamber. 

11. The method of claim 10 wherein the step of generating 
an electric ?eld includes the step of providing ?rst and second 
spaced electrodes in communication with the chamber. 

12. The method of claim 10 comprising the additional step 
of depositing a cell on the surface such that the electric ?eld 
intersects the cell. 

13. A method for ?uid ?ow containment in an open liquid 
environment at least partially de?ned by a surface, compris 
ing the steps of: 

positioning a micro?uidic device over the surface, the 
micro?uidic device: 
de?ning a chamber having a height, the chamber par 

tially de?ning the open liquid environment; and 
including input and output ports in communication with 

the chamber; 
?owing ?uid into the chamber through the input port, the 

?uid ?owing along a path in the chamber, having a 
pressure and exiting the chamber through the output 
Port; 

adjusting the height of the chamber to a range in response 
to the pressure of the ?uid ?owing in the chamber to 
contain the ?ow of ?uid within the chamber along the 
path. 

14. The method of claim 13 wherein the input port is a ?rst 
input port and wherein the method comprises the additional 
steps of: 

providing a second input port in the micro?uidic device, 
the second input port communicating with the chamber; 
and 

?owing ?uid into the chamber through the second input 
port to direct the ?ow of ?uid over a user-selected por 
tion of the surface. 

15. The method of claim 13 comprising the additional step 
of: 

depositing a cell on the surface such that the ?uid ?owing 
in the chamber provides hydrodynamic loading on the 
cell; and 

varying the hydrodynamic loading on the cell. 
1 6. The method of claim 15 wherein the ?uid ?owing in the 

chamber has a ?ow rate and wherein the step of varying the 
hydrodynamic loading on the cell includes the additional step 
of varying the ?ow rate of the ?ow of ?uid. 

17. The method of claim 15 wherein the step of varying the 
hydrodynamic loading on the cell includes the additional step 
of monotonically increasing the hydrodynamic loading on the 
cell over time. 
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18. The method of claim 15 wherein the step of varying the 
hydrodynamic loading on the cell includes the additional step 
of varying the height of the chamber. 

19. The method of claim 18 wherein the range of the height 
of the chamber is less than 100 microns. 

20. The method of claim 13 comprising the additional step 
of generating an electric ?eld that intersects the chamber. 

21. The method of claim 20 wherein the step of generating 
an electric ?eld includes the step of providing ?rst and second 
spaced electrodes in communication with the chamber. 

22. The method of claim 20 comprising the additional step 
of depositing a cell on the surface such that the electric ?eld 
intersects the cell. 

23. A method for ?uid ?ow containment in an open liquid 
environment at least partially de?ned by a containment sur 
face, comprising the steps of: 

providing a micro?uidic device having a lower surface and 
?rst and second horizontally spaced sidewalls depend 
ing therefrom; 

positioning the micro?uidic device over the containment 
surface at a height such that the lower surface, the ?rst 
and second sidewalls and the surface de?ning a chamber 
providing at least a portion of the open liquid environ 
ment; 

?owing ?uid into the chamber, the ?uid ?owing along a 
path in the chamber and having a pressure; and 

adjusting the height of the chamber in response to the 
pressure of the ?uid ?owing in the chamber to contain 
the ?ow of ?uid within the chamber along the path; 

wherein the sidewalls are vertically spaced from the contain 
ment surface. 

24. The method of claim 23 further comprising the steps of: 
depositing a cell on the containment surface in the chamber 

such that the ?uid ?owing in the chamber provides 
hydrodynamic loading on the cell; 

varying the hydrodynamic loading on the cell; and 
monitoring the cell for delamination from the surface. 
25. The method of claim 24 wherein the ?uid ?owing in the 

chamber has a ?ow rate and wherein the step of varying the 
hydrodynamic loading on the cell includes the additional step 
of varying the ?ow rate of the ?uid ?owing. 

20 

25 

30 

35 

40 

10 
26. The method of claim 24 wherein the step of varying the 

hydrodynamic loading on the cell includes the additional step 
of monotonically increasing the hydrodynamic loading on the 
cell over time. 

27. The method of claim 24 wherein the step of varying the 
hydrodynamic loading on the cell includes the additional step 
of varying the height of the chamber. 

28. The method of claim 27 wherein the height of the 
chamber is less than 100 microns. 

29. The method of claim 23 wherein the micro?uidic 
device includes an input port and an output port, the input and 
output ports in communication with the chamber. 

30. The method of claim 29 further comprising the addi 
tional steps of: 

providing a second input port in the micro?uidic device, 
the second input port communicating with the chamber; 
and 

?owing ?uid into the chamber through the second input 
port to direct the ?uid ?owing in the chamber over a 
user-selected portion of the surface. 

31. The method of claim 29 further comprising the addi 
tional steps on 

providing a second output port in the micro?uidic device, 
the second output port communicating with the cham 
ber; and 

?owing ?uid out of the chamber through the second output 
port. 

32. The method of claim 29 wherein the step of ?owing 
?uid into the chamber includes the step of ?owing ?uid into 
the chamber through the input port, the ?uid exiting the cham 
ber through the output port. 

33. The method of claim 23 comprising the additional step 
of generating an electric ?eld that intersects the chamber. 

34. The method of claim 33 wherein the step of generating 
an electric ?eld includes the step of providing ?rst and second 
spaced electrodes in communication with the chamber. 

35. The method of claim 33 comprising the additional step 
of depositing a cell on the containment surface such that the 
electric ?eld intersects the cell. 

* * * * * 


