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A passive microfluidic device for continuous buffer exchange

Olivia R. Gedra

(ABSTRACT)

Generally, dielectrophoresis (DEP) analysis of biological cell samples relies on the differing

electrical parameters between the cells and the surrounding fluid medium. To achieve effec-

tive positive DEP manipulation and sorting of mammalian cells in suspension, it is required

to resuspend the cells into a low-conductivity fluid buffer. The use of a low conductivity

buffer also aids in minimizing the effects of Joule heating, which can cause cell death and

ineffective cell trapping. The common method to prepare the sample relies on centrifuga-

tion of sensitive cells, a time-consuming and tedious process that may result in decreased

sample viability. Herein is presented a microfluidic device that passively moves cells from a

high-conductivity growth media into a low-conductivity DEP buffer. It is comprised of con-

verging rows of pillars and uses mechanical filtration to force cells into the new buffer while

allowing for the old fluid to flow through the posts and out of separate outlets. Because this

device is intended to be used upstream of a contactless dielectrophoresis (cDEP) device, the

buffer exchange device must have an outlet flow rate that is within the range necessary for

direct integration with the cDEP device, maintain a low shear stress that will not affect the

integrity of the sample, and achieve sufficiently high cell recovery. Methods of this project

included optimizing the shape, size, and orientation of the posts, determining the flow rate

for maintaining an ideal DEP buffer conductivity, numerical modeling of shear stress, and

determining the cell recovery rate. It is anticipated that this device can be extended to

physiological media sample processing such as for liquid biopsy.



A passive microfluidic device for continuous buffer exchange

Olivia R. Gedra

(GENERAL AUDIENCE ABSTRACT)

In order to accomplish numerous biomedical experiments, cells must be transferred from

their native fluid growth media into a different fluid solution, through a process referred

to as buffer exchange. The current method for buffer exchange is time consuming, tedious,

and affects the number of cells left alive for experimentation. In this work, we present a

microfluidic device that can accomplish the buffer exchange process by simply flowing in the

cells in their media in parallel with the new buffer solution. The results of this research work

can be extended to aid in the process of buffer exchange for various biological experiments.

The proposed device utilizes mechanical filtration to force cells into the new buffer while

allowing for the old fluid to flow through the posts and out of separate outlets. The design

of the device was optimized through computational analysis of the concentration and fluid

shear stress in conjunction with experimental tests of devices for outlet conductivity and cell

retention.
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Microfluidic systems are devices with features on the micro-scale which are capable of ma-

nipulating or analyzing particles for a variety of biomedical applications. This technology

has advantages in that devices are low-cost, easy to fabricate, integrable, and highly tun-

able to specific needs [1]. Because of their small size, they tend to have laminar flow in

their channels and have a high surface area to volume ratio, which allows for high efficiency.

These systems are able to complete a run in a short period of time with high sensitivity.

Some examples of current microfluidic technologies include organ-on-a-chip for modeling [2],

point-of-care diagnostics [3], dielectrophoresis [4], drug delivery systems [5], and flow cytom-

etry [6]. Despite the notion that microfluidic devices are able to miniaturize science and

eliminate a lot of required laboratory equipment, many standard protocols still require the

use of a centrifuge and other costly equipment for sample preparation [7].

Microfluidic devices can be classified into two main categories: active and passive [8]. Active

devices use an external force to manipulate particles [9], whereas passive devices rely on flow

patterns so that particle manipulation and separation is dependent entirely on hydrodynamic

forces, device geometries, and biophysical effects [10]. Passive microfluidic techniques have

their advantages in that they tend to be more simplistic in design, easy to integrate, and

more cost effective than their active counterpart.

1
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The microdevice proposed in this paper was designed specifically for the application of

dielectrophoresis (DEP). DEP is the movement of a polarizeable molecule when it is in the

presence of a non-uniform electric field [11]. The particle will experience a force along the

electric field path and will move toward or away from the source of the field [11].

DEP is an active technique and is widely used for cell and particle manipulation at the

microscale. It is label-free, meaning the cell sample does not have to have any sort of markers,

such as florescent molecules or biomarkers, to sort. These markers fundamentally alter the

population and limit the potential for downstream analysis [12]. Further, these labeling

methods do not work for all cell types, as some cell types are limited or completely lack

biomarker that can be used to identify them [13]. DEP technology also has high throughput

and can be fine tuned to sort particles based on their electrical properties [14].

Generally, DEP-based analysis relies on the differing electrical parameters between the cell

and its surrounding medium. This technology has the capability of sorting cell populations

based on their size as well as their subcelluar properties such as size and shape of the

cellular membrane as well as conductivity and permittivity [15]. The technology can be used

for separating cell types, cancerous cells from healthy cells, or cells infected with bacteria,

and thus it has the potential for changing the realm of personalized medicine. To achieve

effective positive DEP manipulation where the cells move toward the source of the electric

field, it is required that the the cells are suspended in a low-conductivity buffer.

A unwanted side effect of the implementation of a non-uniform electric field within microde-

vices is the creation of Joule heating. An increase in thermal temperatures not only affects

the ability of the device to trap cells, but it can also cause harm to the cell population and

lead to a less viable sample for downstream applications or analysis [16]. The effects of
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Joule heating are seen specifically in environments where higher conductivity mediums are

used to suspend the cells [17]. This phenomenon contributes to it being essential that a low

conductivity solution is used when experimenting with DEP.

The traditional dielectrophoresis design includes placing interdigitated metal electrodes into

the sample to create the necessary non-uniform electric field. Alternately, contactless di-

electrophoresis (cDEP) is a DEP method in which the electrodes applying the electric field

are not directly touching the sample, but instead the electric field is applied through a thin

membrane [18]. This method of device set up mitigates the risk of Joule heating as well

as the formation of bubbles near the electrodes [17]. Because of the improvements offered

by cDEP, the device outlined in this work focuses on the parameter range applicable for

subsequently running a cDEP experiment. The conductivity requirement established for the

buffer exchange device to reach was 120 �S/cm at an outlet flow rate between 5 �l/min and

10 �l/min as established by previous works [19].

Numerous biological processes require samples to be swapped into different medium before

procedures can take place. These include dielectrophoresis [20], polymerase chain reaction

(PCR) [21], single cell genomics [22], and electroporation [23] [24].

The current, manual process for switching cells from their high conductivity media into the

low conductivity buffer for the process of dielectrophoresis is time consuming, requires ample

equipment, and is rigorous on the cells.

In the standard buffer exchange method, cells in their complete growth media are spun down

in a centrifuge. The centrifuge capitalizes on the fact that the cells are much denser than
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the solution they reside in, leading to the cells forming a clump at the bottom of the tube

and the solution floating to the top. Following centrifugation, the cell media is aspirated out

of the tube. This requires caution to not disturb the clump of cells at the bottom while still

removing all of the high conductivity solution. Low conductivity DEP buffer is added to the

tube, and the cells are pipetted to mix them into the solution. This process is repeated until

the electrical conductivity measures within the desired threshold.

This process is time consuming, requires ample laboratory-grade equipment, and causes

stress on the cells. Studies have found that at centrifugation speeds as low as 500 rpm for

10 minutes, 9% of the total adipose cell population experienced necrosis [25],[26]. While

the effects of centrifugation on a sample are also dependent on the cell type, losing 9% of a

sample is significant for microscale experimentation. Additionally, the need to aspirate the

supernatant multiple times always includes a risk of losing a portion of the sample.

Furthermore, cell viability is negatively impacted by cells being suspended in the low con-

ductivity buffer required for DEP [27]. Not only is a buffer swap method required for before

DEP, but there is also a need to place the cells back into their physiologically relevant media

following the sorting for down stream analysis.

There exists a need among electrokinetic researchers to shorten the sample prep time in a

continuous and sterile manner for upstream or downstream buffer exchange for improving

sample viability over centrifugation.

Different technologies and methods exist for exchanging the suspension of a population for

downstream applications. This section summarizes the use of acoustophoresis, deterministic
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lateral displacement, and micropost array railing as current technologies being explored to

achieve buffer exchange on the micro scale.

One active method that has been effective for buffer exchange is the use of ultrasonic stand-

ing waves, or acoustophoresis, which has been utilized to force particles into the desired

buffer via acoustic forces [28],[29]. Ultrasonic standing waves have been shown to generate

a force within fluids that can manipulate cells. A 2009 paper outlined a microfluidic device

that continuously bumped cells into the alternate buffer in the middle of the channel [29].

Ultrasonic standing waves are transverse waves of the same frequency and amplitude moving

in opposing directions. Using a microdevice for acoustophoresis has its advantages in that

the magnitude of the force on the cells is directly proportional to the fundamental frequency.

At the microscale, higher resonance frequencies are generated, which in turn lead to stronger

forces applied to the cells, and thus a more effective device [30].

While this technique is capable of exchanging buffer in a continuous manner, it was tested at

flow rates between 50 and 120 �l/min and the optimal rate was found to be 80 �l/min, which

is significantly higher than the flow rates for appropriate trapping in DEP [31]. Additionally,

the setup for acoustophoresis requires the use of a complex acoustic resonator, which may

not be available in many lab spaces. Lastly, the impact of these forces has been shown to

affect the viability in susceptible cell populations [32].

Deterministic lateral displacement (DLD) is a passive method for sorting cells based on their

size [33]. In this microdevice design, pillar arrays fill the channel in continuous rows and

columns as seen in Figure 1.1. This technology relies upon flow streamlines around these

posts. As particles flow through the device, cells larger than the critical diameter will follow

one streamline, while those that are smaller will follow a ”zigzag” flow and displace further.

However DLD has its draw backs in that the critical diameter of the cell population is related
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Figure 1.1: Example of deterministic lateral displacement microdevice setup. Im-
age used from Lee et. al, Microsystems and Nanoengineering, 2015 license number
(https://creativecommons.org/licenses/by-nc-nd/4.0/)

to the spacing placed between posts. It is estimated that the spacing between posts is twice

the critical diameter [34]. Because of this, the dimensions of the device would need to be

adjusted for every cell type, and numerous devices would need to be employed.

The micropost array railing (�PAR) structure is another method for passively sorting cells

that was initially proposed for cell separation devices [35]. This structure was shown to suc-

cessfully conduct synthesis on polystyrene beads while simultaneously mixing the population

with flow streams necessary for biochemical reactions [35]. The method worked as a success-

ful mechanical filter to force cells into specific fluids while maintaining simple fabrication as

a single layer device.
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The purpose of this project is to create a microfluidic device that passively moves cells from

their high-conductivity growth media into a buffer with the ideal electrical conductivity for

contactless dielectrophoresis. By designing a microfluidic device that uses mechanical filtra-

tion to exchange physiologically relevant media with low conductivity buffer, we can greatly

reduce the sample preparation time while preserving the sample integrity for downstream

cDEP applications.

In order to have sufficient buffer exchange, the device needs to

• maintain a low outlet flow rate between 5 �l/min and 10 �l/min,

• minimize the amount of diffusion in the channel so as to keep the conductivity below

120 �S/cm for successful cDEP downstream applications,

• limit the amount of shear stress along all walls in the device so that the viability of

the cell sample is not negatively impacted,

• retain the cell sample at the outlet and reduce the amount of time taken for buffer

exchange as compared to the current manual technique, and

• maintain simplicity in design and fabrication so that the device can be readily prepared

and integrated with downstream applications.

The modeling, design, fabrication, and testing of the proposed device are discussed in the

subsequent chapters. Chapter 2 includes the overall design of the device and the features

that were studied. Chapter 3 explores the computational models that were run to help

determine the optimal device design as well as all of the methods used to fabricate and test
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the device. Lastly, Chapter 4 provides results of outflow, conductivity, and cell retention

experiments.



The device design was based on the design introduced by paper by Lee et al. [23]. Their work

used a converging micro-post array railing design to force cells into a low conductivity buffer

for continuous medium exchange to be integrated into an optically induced electroporation

microfluidic device. It also explored the use of deterministic lateral displacement (DLD) to

be used for the same purpose. This paper gave the basis for the design explored here, but

it did not require the same (<120 �S/cm) conductivity, and it used significantly higher flow

rates than the parameters of this project. It also utilized vacuum pumps to pull the cells

and solution through the device and via negative pressure. The device of Lee et al. [23] was

determined to work optimally at a negative vacuum pressure of 300 mm-Hg for the �PAR

experiment, (90 �l/min for the DLD design). For this research project, the outlet flow rate

was targeted to fall between 1 and 10 �l/min.

The 2D model of the device was designed in AutoCAD 2024 (Autodesk, San Francisco, CA).

The device, shown in 2.1, consists of one inlet for cells in their native media, one buffer inlet,

and three outlets. The buffer solution flows in and goes down the center of the channel

whereas the cells in media flow into the channel down both of the sides. The channel is filled

with micro posts that begin at the edge of the channel at the top and slowly converge down

the length of the channel at an angle of about 2 degrees. The spacing of the posts are 8 �m

9
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Figure 2.1: (a) Cells in high conductivity media (red) flow through the upper inlet and
are forced into low conductivity buffer (blue) through mechanical filtration. (b) Zoomed in
image of posts.

Table 2.1: Table of some of the device designs that were not pursued in this work. There
were numerous other chip designs created, but the other designs not listed in this table fell
into one of the categories given for not being used.

� �

SE9-20 20 x 32 Ellipse 9 1
DE8-25 25 x 45 Ellipse 8 2
SC8-25 25 Circle 8 1
SE8-25 25 x 45 Ellipse 8 1

and are compact enough to keep cells from passing through, so they act as a mechanical filter

to force the cells into the buffer in the center of the channel. There is still the ability for the

high conductivity media to flow through the posts, thus maintaining the low conductivity

at the center outlet designed for the buffer and cells.

The height of the channel was designed to be 50 �m, with the length and width being 17757

�m and 2255 �m respectively.

Table 2.1 shows the device designs that were tested in conductivity or cell retention, and the

device name they will be referenced as in this work.
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Table 2.2 lists some of the most notable device designs that were created but received none

or minimal testing as well as the reason for their disuse.

Table 2.2: Table of all of the device designs that were created but not tested in this work.

� �

20 x 32 Ellipse 8 1 Posts were rotated 180� for better
flow, caused high levels of cell clogging

20 x 32 Ellipse 10 2 Significant amount of broken posts
20 Circle 9 1 Significant amount of broken posts

30 x 30 Rounded Square 10 1 Shortened Channel Length
Post angle caused cell clogging

25 Circle 8 2 Unable to fully test due to time constraint
30 x 50 Ellipse 8 1 Unable to fully test due to time constraint

30 Circle 8 1 Unable to fully test due to time constraint

The Reynolds number, a dimensionless quantity that compares inertial effects to viscous

(friction) effects, is defined as

Re =
�vDh

�
; (2.1)

where � is the density of the fluid, v is the fluid velocity, Dh is the hydraulic diameter, and

� is the fluid viscosity. Because the cross section of the channel is rectangular, the hydraulic

diameter of the channel can be found using

Dh =
4A

P
; (2.2)
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where A is the area of the cross section and taken as 4.0* 10 m , and P can is the perimeter

of the cross section, taken as 0.04 m. This calculation results in a D value of 0.004 m. The

total velocity rate through the channel can be calculated as

v =
Q

A
; (2.3)

where Q is the total inlet flow rate.

Using the values of the maximum potential flow rate the device would experience, Q = 30

�l/min. With a channel area of A = 4.0 * 10 m , the maximum velocity was found to be

1.25 * 10 m/s.

By Equation 2.1, the maximum value of the Reynolds number expected in this device was

found to be 0.05. Since the value of the Reynolds number is significantly less than approxi-

mately 2000, the flow in this system can be classified as laminar.

The Peclet number, a dimensionless parameter that relates the rate of advection to the

diffusion rate, is defined as

Pe =
Lv

D
; (2.4)

where L is the length of the channel and is the diffusion coefficient of the solution.

If the Peclet number is greater than 1, advection is the driving force in the movement of

particles. Conversely, if the Peclet number is less than 1, diffusion dominates the movement

of the solute. In determining the Peclet number for this application, the level of solute

concentration in water was selected to be the amount of dissolved solute in 1x phosphate

buffered saline (PBS). This salt solution was chosen for testing of the device because it has

an electrical conductivity on the same magnitude as cell media. Because the amount of

dissolved salts in the DEP buffer is minuscule as compared to PBS, the buffer was simply
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assumed to be water. Additionally, PBS was assumed to be sodium chloride dissolved in

water because the specifications of the PBS (Corning, Corning, NY) used show that 91% of

the salts in their product is sodium chloride.

The diffusion coefficient was assumed to be = 1.26*10 m /s with L = 1.78*10 m and � is

1.25 * 10 m/s, the value of the Peclet number approximately Pe = 176. Because the value

of the Peclet number is significantly larger than 1, the magnitude of the value indicates that

the flow profile will be dominated by advection, and not diffusion. This shows that there

is minimal diffusion of salts from the media entering into the buffer stream, and that the

difference between the same flow rates but with different magnitudes of velocity should not

have a significant impact on the overall buffer outlet conductivity.

The first parameter that was examined when designing the buffer exchange device was the

length of the channel. The Peclet number indicates that the greater the length of the channel,

the greater the diffusion that occurs. This trend was supported by COMSOL models that

were generated using the same settings, parameters, and mesh refinement, but different

lengths*. When comparing the Peclet number for all three designs, all three designs showed

that the flow would be dominated by advection and not by diffusion.

* For the computational methods used to generate these results, see Chapter 3.
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Figure 2.2: Completed COMSOL concentration with a flow rate of 6 �l/min for the buffer
and 2 �l/min for the high conductivity media. (a) The shortest chip design with the outlet
concentration found to be 5.5 mol/m. (b) Full length chip run in COMSOL with the outlet
concentration was found to be 6.68 mol/m.



15

Post shapes that were tested primarily included squares, circles, and ellipses. The initial

designs were made using 30 by 30 �m square posts with filleted edges. While these posts

were structurally sound, there were no issues with breakage, and they allowed for good fluid

flow and low conductivity at the buffer outlet, they were not ideal for cell retention.

Circular posts were designed and created having diameters of 20 �m, 25 �m, and 30 �m.

Variations of the ellipse shaped posts were designed. The ellipse shape was created with two

orientations. One was selected because it showed promise for the outlet conductivity, the

other was selected because it showed promise for directing the cells into the center outlet.

The drawback to this latter design is that simulations showed concentrations as compared

to designs with the circular posts and elliptical posts having the other orientation.

Figure 2.3: Microscope images of selected post shapes: (a) 25 micron sized circle posts, (b)
25 by 45 micron ellipse posts at a 48 degree angle, and (c) double rows of 25 by 45 micron
elliptical posts.
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Figure 2.4: Comparison of transport of dilute species diagrams of single versus double rowed
posts. The single row design (left) shows a has a lower salt concentration value as compared
to the double row (right).

The closer together the posts are spaced, the greater the chances of retaining cells at the

outlet. However, minimizing the post spacing comes with two potential hazards. Firstly, the

small spacing increases the conductivity at the buffer outlet, as fluid is not able to flow as

readily between the posts. Second, tightly placed posts can lead to issues in the fabrication

process of the wafers when using DRIE etching [36], reducing the desired resolution. The

photolithography mask was made by Artnet Pro (San Jose, California), and they did not

guarantee resolution or accuracy for any feature less than 8 �m, so that value was set as the
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minimum post spacing. The drawback to the minimization of spacing between posts is that

as the spacing between posts decreases, so does the opportunity for the high conductivity

waste fluid to flow and reach the waste outlets, thus increasing the conductivity at the buffer

outlet.

For a fixed post spacing, the determination of the ideal post size was critical. The greater

the post size, the less number of posts would be necessary, and therefore, there would be

less spacing for the necessary fluid to flow between. However, smaller posts are structurally

weaker which could lead to posts being broken upon fabrication, as seen in Figure 2.5

Figure 2.5: Microscope image of one device design with 20 x 32 �m elliptic posts having
broken posts that can be identified by their lack of definition.



The computational fluid dynamics (CFD) model of the device was analyzed in COMSOL

Multiphysics (COMSOL, Burlington, MA), a simulation and finite element analysis solver.

The time dependent laminar flow and transport of dilute species modules were utilized.

COMSOL’s laminar flow module utilizes the incompressible form of the Navier-Stokes equa-

tion to compute the velocity and pressure fields based on the input flow rates and boundary

conditions. The transport of dilute species (TDS) module is another time dependent inter-

face that is capable of modeling the movement and concentration of a solute in a solution.

The platform is able to complete this simulation by utilizing Fick’s Law, which describes the

movement of ions in a solution.

To set up the model, the 2D device design was imported as a DXF file from AutoCAD

(Autodesk, San Francisco, CA). The material of the entire device was selected as water, and

all of the walls of the device as well as every post formed boundaries. The two inlets were

identified and the settings were changed so that the inlets flowed via a user-defined flow rate,

and the outlets were defined as existing at atmospheric pressure.

The TDS module was set up by first selecting the entire body of the device as the domain

where the TDS module would run. All of the solid boundaries on the device were then

18
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Table 3.1: Properties of de-ionized water and 1X PBS.

Density (�) 998.20 1005.3 kg/m3
Electrical Conductivity 0.0006 1.1 S/m

Molecular Weight 18.02 18.02 kg/mol
Kinematic Viscosity (�) 0.00577 0.001 kg/ms
Dynamic Viscosity (�) 1.002*10�3 0.998*10�3 Pa*s

selected to have “No Flux”. The inflow bounding was selected to be the inlet where the

media and cells flow in, and the outflow was selected to be all three outlets. For initial

conditions, the concentration of salts in 1X PBS was used as the concentration flowing

through the inlet, and the initial concentration of the entire body was set to 0.

The fluid properties of DI Water as well as 1X PBS including density (�), electrical conduc-

tivity, molecular weight, kinematic viscosity (�), and dynamic viscosity (�) [37] are included

in Table 3.1. Within the COMSOL model, the material values of water that were preset into

the software were used. To model the movement and dilution of the salts in the water for

concentration and conductivity analysis, the concentration values of 1x PBS were used.

A mesh analysis was performed on the design with 20 �m sized circular posts and 7.5 �m

spacing. Because the minimum spacing of the designs was 8 �m, the design used to conduct

the mesh analysis had a smaller spacing than all other designs to ensure that no matter what

design was analyzed in COMSOL, the mesh convergence study would give reliable results.

Once the mesh analysis was completed, the value of the most refined mesh was taken to be

the “true” value of the outlet concentration.

This study allowed for the final mesh to be selected that would run for the shortest amount

of time while giving an answer that can be trusted within 95% accuracy. This mesh element

count was found to be 191785 and was the “fine” mesh in COMSOL.

After setting up the model, and determining the ideal mesh, the model was run for the
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Figure 3.1: Plot of center outlet conductivity related to the number of total elements created
by the mesh. The highest resolution of mesh gave the ”true” value of the conductivity. 95%
of the true value is considered an acceptable mesh.

selected time window of 0 to 120 seconds with a time step of 0.5 seconds. This time step was

changed from originally being 0.1 after a comparison between the two results yielded only a

marginal difference. By making this change, the run time of the model drastically improved.

The shear stress placed upon cells in a device is crucial because high stress can affect the

viability of the sample. The shear stress of the device was modeled in COMSOL using the

laminar flow physics module. This module is time dependent and outputs the velocity fields
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Figure 3.2: Mesh analysis using the percentage of each value out of the true value. It was
found that at a node count of 191785, or a fine mesh parameter, the model ran with 97
percent accuracy.

as well as the pressure as a function of time. The expression for shear stress is given as

Wall Shear Stress = Shear Rate � V iscosity; (3.1)

where is shear rate is determined by COMSOl, and the viscosity used the values of DI water,

as seen in Table 3.1. The shear rate is the rate of change in velocity along layers, and is a

function of both the velocity and the area.

A 2D design of each device was made, and the DXF file was sent to Artnet Pro (San Jose,

CA), which provides printed circuit board services. Artnet Pro received the file and made the

designs into a photolithography mask. The photolithography mask is composed of opaque
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chromium and transparent portions. The mask of the design was then sent to the clean

room at the University of North Carolina, where the mask was used to etch the designs in

a silicon wafer. Deep reactive ion etching (DRIE) was used to create the silicon wafer with

the transparent portions of the mask etched 50 �m deep. Finally, the wafer with the etched

device designs was sent to Virginia Tech.

Before the first use, the wafer was coated in silane to allow the silicon to be functional and

better release polymers once they are added and cured [38]. First, the wafer was soaked

with isopropal alcohol for 10 minutes and then acetone for another 10 minutes to remove

any unwanted particles deposited on the surface during the etching process. Then, the wafer

was placed in a Bel-Art™ SP Scienceware™ Space Saver Vacuum chamber (Fisher Scientific,

Hampton, NH) at room temperature with 100 �l of silane and left to sit for 4 hours. After

this process, the silicon wafer was then ready to use in device fabrication.

The buffer exchange device was made out of polydimethylsiloxane (PDMS), which is the

most widely used polymer for microdevices as it is inexpensive, transparent, biologically

compatible with cells, and easy to bond [39]. PDMS was added to a plastic cup in a 10:1

ratio with its curing agent, Sylgard 184 (Millipore Sigma, Burlington, MA). This mixture

amounted to 20 grams of PDMS and 2 g of curing agent. The solution was stirred vigorously

for 30 seconds and then the cup containing the solution was placed into the vacuum chamber

to desiccate for approximately 15 minutes, or until all of the bubbles were gone.

The silanized wafer, an example of which is shown in Figure 3.3, was then wrapped in foil

around the edges, and the PDMS was poured slowly onto the wafer with care to avoid the

formation of any bubbles. The presence of air bubbles in PDMS can reduce the polymer’s

strength, interfere with the proper formation of the device, or even cause the entire device

to fail [40]. If bubbles appeared in the PDMS once it was poured onto the wafer, they were

removed by either blowing air on the bubbles, or by placing the entire wafer into the vacuum
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Figure 3.3: A silicone wafer with different device designs etched into it. The wafer acts as a
mold into which PDMS is poured and then cured. When the cured PDMS is removed from
the wafer, the device channels and structures are created in the PDMS slab.
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