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Abstract

We are developing an introductory nanotechnology experiment based on applications of the
moldable polymer polydimethylsiloxane (PDMS). This experiment will introduce students
to several techniques useful in the nanotechnology industry in both fabrication and charac-
terization. First, the student is introduced to simple soft lithography techniques in which
they copy the surface structure of different sub-micron sized patterns. They then verify the
surface was accurately copied through direct measurement using laser light diffraction. Fur-
ther development of the experiment may include more advanced uses such as the creation of
microfluidic channels on glass or silicon substrates. This laboratory experiment is one part
of a larger curriculum that is designed to teach students skills that are relevant and up to
date in the nanotechnology industry, and is constructed in a sequence that is challenging,
rewarding, and interesting for students.



INTRODUCTION

We are developing a set of experiments in conjunction with an introductory nanotechnology
program. These experiments are designed to bridge the gap between several current associate
degree programs and teach students the skills needed and required by local industries involved
in nanotechnology and nano/micro-fabrication. This nanotechnology course will cover the
history of nano and microdevices and systems, essential physics at the nanometer level, and
processes used for nano and microfabrication in the development of tools for nanoscale design
[1]. We have thus far completed six experiments beginning with a size and scale investigation
that will aid in the understanding of the nanoscale and give students an introduction to
safety in laboratory procedures. The students will then go through a series of 3 scanning
electron microscopy experiments that will teach them how to verify their work through
measurement, and the basics of electron beam lithography and spectroscopy. Then the
students will be introduced to photolithography through two experiments utilizing different
types of photoresist and techniques where the student will be guided through the process of
creating a pattern on a silicon wafer. The experiment described in this paper is an extension
of those photolithography techniques and will teach soft lithography to create micropatterns
with polydimethylsiloxane(PDMS) as well as give an introduction to microfluidics. During
the students’ time in the nanotechnology program, we feel it is important that they are
introduced to PDMS since its use in nanotechnology is pervasive. The use of a lab-on-a-
chip, organ-on-a-chip, flow sensors, pressure sensors, drug delivery, acoustic fluidics, pumping
systems, microelectromechanical devices in general, and microfluidic devices will be briefly
discussed with the student[2, 3]. It is our hope that once students complete this PDMS
experiment that they will have the basic understanding of the processes involved in creating
microfluidic devices, how they are used in nantechnology experimentation, and have the
skills to build more complex devices relevant to their future research.

A PDMS EXPERIMENT

This experiment will guide the students in the use of PDMS to copy the nanoscale surface
structure of some familiar micro/nanopatterns and to build a microfluidic channel [4, 5].
Both activities will be confirmed through measurements using light and scanning electron
microscopy, and laser diffraction [4]. We would like the students to be able to success-
fully complete this laboratory experiment so that they might gain hands-on experience in
working with PDMS, SU-8 2075 photoresist, common laboratory equipment including a soni-
cator, spin coater, plasma etcher, optical microscopes, scanning electron microscope, vacuum
pumps, laboratory oven, mask aligner, common chemicals used in a laboratory setting for
cleaning substrates and developing photoresist, taking measurements to verify their results,
and various photolithography techniques. Along the way, the students will be guided through
safety procedures and protocol ensuring a safe learning environment. The entirety of the
experiment is completed by the student outside of a clean room[6].

The laboratory guide for this experiment is designed in such a way as to allow the instructor
to complete the portions of the experiment that they deem appropriate for their classroom.



One portion can be completed independently of the other with no conflicting or missing
information.

The lab begins with a brief description of the physical properties of PDMS, its chemical
properties and general safety concerns, as well as its use in industry, and limitations of
the material (see Figure 1)[6, 7]. After this, the first activity involves the creation of PDMS
patterns: 1) copying the fine grooves of a DVD, and 2) creating molds of microfluidic channels
(see Figure 2). Note that because the PDMS takes some time to cure (see Figure 3), the
procedure calls for the student to make the patterns first, before verification that follows in
the second part.

Figure 1: Left:Sample of the introduction of the laboratory experiment. Right: Sample of
manual explaining the DVD experiment and a few materials needed.

Figure 2: Left:Preparing a sample from a DVD. Right:Metal form atop a small section of a
DVD filled with PDMS.

Next, the student begins the microfluidic device portion of the experiment. Again, materials
will be gathered, and further instructions are given to clean a silicon wafer, apply photoresist,



and bake, expose and develop the resist to expose the pattern that will be used to create their
microfluidic channel (see Figure 4)[8]. Once both samples have been created and prepared,
PDMS can be measured, mixed, degassed, and poured into the mold to be baked and cured.

Figure 3: Sample of manual explaining part of PDMS preparation/curing instructions.

Figure 4: Left:Sample of manual instructing the student to collect materials for microfluidic
device Right: Sample instructions for building the microfluidic device.

The next section guides the student through the process of verifying that the DVD surface
was copied through measurement, utilizing laser light diffraction (see Figure 5 & 6)[4]. Braggs
Law is used during this process and is discussed within the lab to assist students in data
collection. In the conclusion of the experiments, the students are asked a few short questions
to aid in their calculations and observations of the experiment.



Figure 5: Left:Experiment setup using metal stands to hold samples and laser.
Right:Diffraction pattern shown on the PDMS after copying the surface of a DVD.

Figure 6: Sample of laboratory manual explaining the DVD pattern verification process.

At this point the student completes the steps needed to test the microfluidic channel. The
channel is at the bottom of a PDMS sample approximately 1

4
inch in thickness, and a biopsy

punch is used to create the vertical input and outlet channels need to pass a fluid into and
out of the channel (see Figure 7). The PDMS mold is then adhered to a glass plate by
treating both surfaces with oxygen in a plasma etcher. After etching for approximately five
minutes, the PDMS and glass adhere by simple contact. The microfluidic channels are tested
by using food coloring and a blunt syringe needle the fits snugly into the punched inlet holes,
as shown in Figures 8 and 9.



Figure 7: Left: Developed “channel” pattern. Right: Using biopsy punch to puncture holes
in PDMS for fluid inlet/outlet. Biopsy punches are typically used to extract small samples
from biological material.

Figure 8: Left:Making initial contact between the plasma treated surfaces of the PDMS and
glass. Right:Fluid flowing through the PDMS channel

Figure 9: Sample instructions to connect the syringe to the PDMS microchannel.



EXPERIMENT DESIGN PROCESS

The development process for this lab was fairly straightforward for the DVD (approximately
740 nm between grooves), and was extended to copy the finer patterns on a Blu-Ray disc
(320 nm). It is a well thought out experiment that has been implemented many times [4, 5].
It seems that any issues that arise during the experiment come from the improper curing
of the PDMS, and in the setup of an apparatus used in making the laser measurements(see
Figure 10).

Figure 10: Apparatus setup which holds the laser and DVD sample.

Securely fastening/clamping the PDMS in a metal stand so that the sample is parallel to
the wall/board displaying the diffraction pattern proved to be time-consuming. Another
difficulty arises when aligning the laser perpendicular to both the PDMS sample and the
wall/board so as not to distort the diffraction pattern. Once the metal stands, laser, and
sample are aligned, utilize adhesive tape to fasten the metal stands to the table, so mea-
surements made by the students do not move the aparatus setup. Students are instructed
to used masking tape on the wall at the diffraction maximum peaks so a pen can be used
to mark those locations, and the laser is then turned off before they go to take any distance
measurements.

The microfluidic portion of this experiment is certainly more involved. The manual has been
written in such a way that the photolithography process can be performed by the instructor
or teaching assistant in advance to save time. The overarching issue with this experiment
is the need for a dark laboratory with safelights. It tends to be easy for students to forget
this step, even though it is emphasized in the manual. Since inadvertent exposure of the
photoresist to light is an expensive mistake, smaller light-proof bottles are very useful for
students to dispense the amounts used in the lab. Should a mistake be made, it would
minimize the damage. Because of the thickness of the resist that is recommended for this
lab, pre-baking times are long, nearing 45 minutes on a hot plate. Please make note of
this when preparing this experiment for a classroom. As the overhead lights must be off,



safelights on, and doors closed while this process is taking place. We have found that 85-90
seconds of exposure under a 365nm light source properly exposes the SU-8 photoresist with
our mask aligner and our light source. It will be beneficial to read through the manual for
your preferred photoresist to ensure proper exposure times are met. As the success of this
experiment lies in the dialing-in of all of the steps of this process.

Once the pattern has been developed onto the wafer, PDMS will be applied, cured, removed,
and adhered to a glass wafer/slide. Treating the glass and PDMS with an oxygen plasma
is crucial for allowing the microfluidic channel to operate successfully. While our laboratory
had a plasma etcher for this purpose, smaller hand-held plasma-in-air generators for cleaning
and surface treatment are also available on the market that can successfully be used as a
less expensive alternative.

CONCLUSION

This PDMS experiment is one of several laboratory experiments that is a part of an intro-
ductory nanotechnology program. This experiment will introduce students to the uses of
PDMS and give them hands-on experience in the laboratory that will teach them the pro-
cess of making simple devices. The goal is that through this experience the student will be
encouraged to not only seek out more information but understand the process behind more
complex devices and supplement talks in their lecture series. This experiment guides the
student through the process of making a channel that has a cross-section measuring about
170x170µm and measuring the surface features of a DVD. Future plans concerning this ex-
periment include creating a channel with smaller features, nearing sub-100µm. Student trials
have yet to be completed at the time of this paper, but will be performed to gather useful
data to determine the educational impact this experiment has on students. The efficacy of
this experiment will be measured through a post-experiment questionaire that will question
the clarity of the instructions given, usefulness of information pertaining to the use of mi-
crofluidics in industry, the student’s capability to build more complex devices, overall flow of
information/structure of the laboratory manual, and the student’s desire to seek out more
information regarding this subject.
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Appendices

A PDMS Laboratory Experiment Manual/List and Cost of Materials

Contact Utah Valley University for the complete laboratory manual. As it is our goal and belief that full
dissemination of all findings including laboratory manuals will be beneficial for all institutions involved.
Estimated cost of materials for the experiment is about $2000, and includes the cost of photoresist, PDMS,
and digital scale. Common laboratory equipment is not included in this estimation.

B Pattern for Photomask/Mask

Figure 11: Left:Example of mask used to calibrate/“dial-in” proper photoresist exposure
times. Right: Example of mask used to create channels for “micro”-fluidic device.

We have found that the success of this experiment is dependent upon correct photoresist
exposure times. We have provided an example of the masks that were used during testing to
experimentally “dial-in” these correct times. To utilize the pattern with 8 slices, first expose
your wafer, along with the photoresist, to UV light for some baseline amount of time. Then,
using aluminium foil, completely cover the wafer, fold back one “pie-slice”, and expose the
photoresist to UV light for a short amount of time, e.g., 5 seconds. Continue to fold back
one section at a time, exposing for 5 seconds each time. This will result in a wafer that
has “pie-slices” that have been exposed for different amounts of time. Once complete, use a
microscope to evaluate the resulting pattern to see which exposure time is optimal for your
photoresist.

The mask with lines is used for creating the “micro”-fluidic channel. This is just an example,
as both patterns will need to be scaled to the size of the wafer being used for the experi-
ment. Note that these patterns are also negative images, since the photoresist used in this
experiment is a negative resist. The dumbell pattern is being used to assist in the process
of puncturing holes in the PDMS for the inlet/outlet of the microfluidic channel.


