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The University of New Mexico Two-year Technician Student 
Undergraduate Research Experience in Microfabrication

Matthias W. Pleil; Ph.D.
 University of New Mexico

The Support Center for Microsystems Education and The Micro-Nano Technology 
Education Center work in collaboration to provide a multi-week microfabrication 
research experience at the University of New Mexico's Manufacturing Training and 
Technology Center (MTTC). This program is for community college students and offers 
practical hands-on experience in microfabrication techniques like photolithography, wet 
and dry etching, cleanroom safety, and the use of metrology tools for characterizing 
microstructures. The program culminates in a virtual poster session showcasing the 
students' findings, giving them an experience in presenting to others.
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USING MASKLESS LITHOGRAPHY TO PRINT FRACTALS 

ABSTRACT
The application of maskless lithography in microfabrication removes the need for 

photomasks, a standard component of photolithography used for projecting images onto 

silicon wafers. This innovation allows direct image uploading and wafer exposure, greatly 

enhancing the rapid prototyping capabilities in semiconductor fabrication. This enables 

the creation of intricate microstructures, patterns, circuits, and large complex structures, 

such as fractals, as demonstrated in our project. Though this project specifically shows 

this process using the Smart Print UV, or SPUV for short, it underscores the core concept 

and technological aspects of maskless lithography, showcasing its profound impact on 

semiconductor manufacturing while providing an artistic and novel use of the technology.

In typical photolithography, a wafer is placed under a mask and light exposes the 

desired image through the mask much like a stencil. The SPUV, on the other hand, uses 

an array of micromirrors to independently direct UV light as a focused array of pixels and 

exposes a wafer directly. Each exposure always contains 1080x1920 pixels and images 

larger than that are stitched together through multiple exposures. The size of the 

exposure area (field of view) and pixel size depends on the objective lens used and can 

be calculated using the chart below.

Objective Field of view Pixel Size Min. Structure

x1 10.6x5.9mm 5.4µm ~17µm

x2.5 4.2x2.4mm 2.2µm ~6.6µm

x5 2.1x1.2mm 1.1µm ~3.3µm

x10 1.06x0.59mm 0.54µm ~1.7µm

We opted to produce a fractal for a compelling set of reasons. To start, with their 

inherent self-similarity across various scales, fractals offer a unique opportunity to 

showcase patterns visible both to the naked eye and under a microscope. This duality 

allows us to demonstrate the scale of the images printed on wafers while revealing the 

fascinating multiplicity of a fractal as it continues to retain its structure when observed 

through various microscope objectives. Also, apart from being abundant in nature, fractals 

have numerous scientific and engineering applications from antenna design (Paun et al.) 

to city planning (Jahanmiri et al.) making them a compelling focus for our project.

Though our project was successful, we did encounter a few issues. The biggest issue 

was that the images with the most pixels were unable to be loaded into the software for 

the SPUV. Various attempts at using using different image formats failed, so we ultimately 

had to reduce the number of iterations of our fractal to reduce its size. We expect this 

issue had to do with the number of pixels and not the file size as it had been optimized 

down to a mere 750kb for a 32,771x28,381 image. The file we ended up using was 

16,387x14,192 pixels and was one less iteration than our goal and filled half the width we 

had aimed for. A second, minor issue involved the liftoff process where large areas were 

left with gold. Unfortunately, we could not explore this issue due to time.

After doing several exposures with various images, we decided use a 2.5x objective to 

expose a .PNG image of Sierpinski Triangle with 10 iterations created using the Python 

programming language. We made this choice for several reasons. First, with its relative 

simplicity, a Sierpinski Triangle was both easy to code and render in a large number of 

iterations and worked well visually to demonstrate scale. Second, though the SPUV does 

support the use of vector graphics such as GDS, OAS, and DXF more typically used in 

CAD software for semiconductors, we opted for a bitmap format to avoid unnecessary 

conversion since any vector would ultimately be turned into pixels. This would be an 

especially laborious task for the software considering our exceptionally large image size. 

However, since bitmap formats contain no information about physical size like vector 

formats, we needed to use the chart above to determine how many pixels wide our image 

needed to be to fill a 100mm wafer. We chose a x2.5 objective and calculated that an 

image approximately 30,000 pixels wide was needed to fill the wafer. 

The final Sierpinski Triangle image was exposed using n-LOF 2070 negative resist and 

was sputtered with gold post development. The exposure time and range had already 

been determined for this process and was guided by our graduate student mentor Judith 

Fischer. However, my partner Celina Yu also did thorough testing of using AZ 10XT resist 

and developed a process using that resist not detailed in this poster. Please refer to her 

poster for details on that process and her project.

Besides this, our choice to utilize this technology for printing fractals stems from the 

unparalleled capability it offers. Unlike other methods of rendering fractals physically, 

which typically limit the number of iterations that can be produced, wafer manufacturing 

technology transcends these restrictions. Consequently, it serves as an ideal means to 

exemplify the nearly endless expanding and shrinking nature of fractals.

References: Paun, Maria-Alexandra, et al. “Minkowski’s Loop Fractal Antenna Dedicated to Sixth 
Generation (6G) Communication.” Fractal and Fractional, vol. 6, no. 7, July 2022, p. 402. Crossref, 

Jahanmiri, Fatemeh, and Dawn Cassandra Parker. “An Overview of Fractal Geometry Applied to Urban 
Planning.” Land, vol. 11, no. 4, Mar. 2022, p. 475. Crossref, https://doi.org/10.3390/land11040475.

Our project yielded several outcomes that helped us understand the process of 

exposing an image using maskless printing and left us with several impressive physical 

renders of fractals both demonstrating scale and the fascinating nature of these patterns. 

Throughout our experiments, we pushed the limits of size and identified the most suitable 

formats for larger scale exposures. The knowledge gained from these experiments could 

prove valuable for future projects involving large structures like ours.

Special thanks to Celina Yu, Nayely Rolon-Gomez, and Kyle Lomen for their 

contributions to this project.
a depiction of a minkowski fractal antenna in which 
the overall length of the structure can be increased 
through iterations while maintaining area 

a fractal pattern found in a succulent which helps 
funnel water to the center of the plant while also 
maximizing sun exposure

The final wafer seen under 
various microscope objectives 
revealing the continuing 
pattern showing largest sides 
of triangle to smallest

image 1: total length of triangle 
1085 µm

image 2: total length of triangle 
546.67 µm

image 3: total length of triangle 
270.14 µm

image 4: total length of triangle 
136.18 µm, 67.78 µm, and 
32.64 µm

Kino DeVita
PROCESS CHALLENGES

INTRODUCTION

CONCLUSION

The wafer post development with photoresist still 
coating the wafer

The Smart Print UV software as it tracks the exposure 
of the wafer. The left box shows the stitching pattern 
used to expose various pieces of the image together.

The Smart Print UV seen here exposing a small 
section of the wafer through the 2.5x objective

The wafer after liftoff revealing the gold pattern

Art Wafers:
Photolithography and
Isotropic Wet Etching

Krystin Aschoff & Autumn Bender
Wayne State College

ABSTRACT
Photolithography is a process in which a pattern is transferred onto a 

silicon wafer through the use of photosensitive polymers and a 
transparent mask. Isotropic wet etching etches the wafer in a liquid 

solution at an equal etch rate in all directions. Many 
microelectromechanical systems (MEMS) are made using the 

photolithography and wet etch process which uses several layers to 
build micro-sized devices. An art wafer is a silicon wafer that uses 
photolithography to create a unique design on a wafer. Art wafers 
are made by applying photoresist onto a silicon wafer, exposing the 

wafer by use of a transparent mask, and etching the wafer. The 
purpose of making an art wafer is to teach the students the process of 

photolithography by creating an image that is important to them. 
The process for making the art wafer is extremely similar to the 

beginning process of making pressure sensors.

Art Wafer Procedure
A. HMDS Deposition

Hexamethaldisilazane (HMDS) is put onto silicon wafers to create a 
hydrophobic surface that repels water. An oxidized silicon wafer is put into the 
HMDS oven (Figure 3) at 100°C for 20 sec to apply HMDS onto the top layer.

B. Photoresist Application
AZ 1518 photoresist is used on the art wafers. Place the wafer on the spin 

chuck (Figure 4) with the tongs and use the centering tool to center it on the 
chuck. Ensure the wafer is centered by doing a test spin to avoid deformities. 
Once it is centered, apply 2mL of AZ 1518 on the center of the wafer. Spin for 

45 sec at 2500rpm (Figure 2a). Soft bake at 110°C for 1 min.

C. Exposure
Tape a 5x5in transparency mask (Figure 5) onto the mask holder. Load the 

wafer onto the wafer holder and align. The Karl Suss machine (Figure 6) will 
give prompts on the correct procedure. The exposure time is set for 40 sec, 

Dose is 70mJ/cm2 for 1.8mW/cm2, and lamp intensity is at 365nm (Figure 2b). 
Post exposure bake at 100°C for 1 min.

D. Develop
Gown up into the proper caustic PPE, personal protective equipment, 

including acid gown, facemask, and triple trionic gloves. Fill beaker about 1in 
full with 1:4 400K AZ developer (Figure 2c). Fill quick dump rinse (QDR) 

above the boat. Place wafer into the solution pattern side up for 2 min. Remove 
the wafer at a 45° angle and put into the QDR. Dump and refill QDR 5 times 
with DI (Deionized Water) water then moved to the spin dryer. Place into the 

spin rinse dryer (SRD) for 2 min at 1600 rpm. Inspect the wafer under the 
microscope to ensure the resist is cleared. Hard bake for 2 min at 120°C.

E. Buffered Oxide Etch 
Gown up in proper PPE. Buffered Oxide Etch (BOE) for the art wafers 

contains a 20:1 Ammonium fluoride and hydrofluoric acid solution. Attach 
handle to the boat (wafer holder) and let the wafers sit in the solution bath for 

the amount of time for the desired color. The etch rate is 13A/sec. QDR 5 cycles 
and SRD for 2 min at 1600 rpm. This etch gets to the raw silicon (Figure 1).

F. Resist Strip
Acetone removes the remaining photoresist off of the wafer. Fill a beaker 

with 1in of acetone and another beaker with 1in of isopropyl alcohol 
(IPA). Place the wafer in the acetone for about 30 sec. Move the wafer to 

the IPA to remove the remaining acetone. QDR 5 cycles and SRD.

RESULTS
After the photolithography process, the students are left with 

their unique personal art wafer. The students are able to remember 
the processes used in photolithography and apply it towards other 
MEMS made during the week. Pictured below in Figure 7 are the 

final results of our wafers.

CONCLUSION
In conclusion, the art wafer process is an excellent beginning activity 
that helps the students learn the basics of photolithography and wet 

etching. The same process is used for manufacturing pressure sensors 
excluding some of the differences in chemicals, time, and 

temperature. The students become proficient in these six main steps.

REFERENCES
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INTRODUCTION
There are six steps to creating an art wafer using photolithography; 
HMDS deposition, photoresist application, exposure, development, 

buffered oxide etch, and resist strip. To start the process, the student 
must select a photo and convert it into black and white. This photo 
then is fitted into a 5”x5” box and a 4” diameter circle. It is then 

printed onto transparency paper (Figure 5). Once this is completed, the 
process can begin.

Figure 7 : (a) Krystin’s finished art wafer "Puzzled". (b) Autumn’s finished art 
wafer "Maurice".

Figure 5 : Art wafer transparency masks.

Figure 1 : Etching Process in which the photosensitive layer is taken off during the 
development stage and the underlying layer is removed during the BOE. Ref 3

(a)

Figure 6 : Karl Suss Exposure machine.

Figure 2 : Art Wafer process that includes a photoresist coat, 
transparent exposure, and caustic development. Ref 3

Figure 3 : HMDS Oven. 

(b)

Figure 4 : Spin coater and baker combination machine.  

(a)

(b)

(c)

ABSTRACT

A Wheatstone bridge micro pressure sensor is micro-scale sensor that measures a pressure difference using a
Wheatstone bridge circuit. Micro pressure sensors are used in wide range of applications, from tire pressure
monitoring systems in vehicles to measuring the pressure in a patient’s stomach during an endoscopy. With
these types of applications these sensors should be as sensitive as possible. This experiment used two sensors
made from silicon nitride wafers and Wheatstone bridge traces made with Nichrome. The purpose of this
experiment was to find how the input voltage and trace width affected the output voltage across a range of
applied pressures. Each sensor was tested at three input voltages and five pressures for each input voltage. My
experimental findings were that higher input voltage and narrower trace width led to a greater range of output
voltages and therefore greater sensitivity with a few anomalies explained by experimental error. This poster
will present how this experiment was conducted, the results, and possible future work.

INTRODUCTION

EXPERIMENT SETUP

The experiment was conducted by placing the pressure sensor over an opening that would apply a vacuum to
the bottom side of the sensor that could be changed. The top side of the sensor was open to atmospheric
pressure. Metallic probes were placed on each corner of the pressure sensor. Two diagonally opposed probes
supplied the voltage and ground. The other two diagonally opposed probes measured the voltage across the
Wheatstone bridge. A microscope with a camera was aimed at the silicon nitride membrane and displayed the
image on a computer screen to verify and monitor the flexing of the membrane (Figure 2).

SENSITIVITY OF MICRO PRESSURE SENSORS
Deane A. Witham

Figure 2: Voltage source and measurement probes contacting the pads

Figure 1: Diagram of the pressure sensor’s Wheatstone 
bridge

Figure 4: These photos show the Nichrome traces and the membrane being flexed. The concentric 
circles emanating from the center show how much the membrane is being flexed. More circles mean 

more flexion.  

CONCLUSION

This experiment measured the sensitivity of two different micro pressure sensors with the goal of finding
which parameters and characteristics maximized sensitivity. My research found that increasing input
voltage increased the range of output voltages, and therefore sensitivity of the sensor. Decreasing the trace
width also led to a greater output voltage range, with a small amount of error. Sensitivity of these sensors
is crucial due to their wide range of applications including vehicular safety and in medical devices.
Therefore, future research should continue to maximize the sensitivity of these sensors by testing different
materials, input voltages, and pressures.

TESTING PARAMETERS AND PROCEDURE

Two types of pressure sensors were tested during this experiment. One sensor had traces 20 microns wide, the other had
traces 80 microns wide. For both sensors, the thickness of the traces were 0.25 microns. To test the sensor voltage was
applied and the voltage was measured at each pressure increment. The initial vacuum value was 3.5 inches of mercury due
to that being the initial vacuum that secured the sensor to the table. After the initial value, a vacuum of 5, 10, 15, and 18
inches of mercury were applied to the sensor. 18 inches of mercury was the upper limit due it being the maximum the
testing apparatus could apply. Once the voltage was measured at these pressure differences, the voltage was increased, and
the test repeated for a total of 3 tests for each sensor. These voltage values were chosen because a value less than 2 volts
resulted in a voltage output range that was very small. Testing above an input of 3 volts risked damage to the Nichrome
traces of the Wheatstone bridge. Also, thermal expansion due to high voltage could skew the measurements by causing the
traces to expand and the membrane to flex.
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Pressure 
[in. Hg]

Output 
Voltage - 
20µ [mV]

Output 
Voltage - 
80µ [mV]

Output 
Voltage - 
20µ [mV]

Output 
Voltage - 
80µ [mV]

Output 
Voltage - 
20µ [mV]

Output 
Voltage - 
80µ [mV]

3.5 94.81 126.82 116.01 150.32 133.12 165.73
5 95.2 127.04 116.35 150.56 133.22 166.1

10 95.88 127.61 117.58 151.34 134.66 167.86
15 96.8 128.15 118.68 152.33 136.02 169.31
18 97.33 128.44 119.23 153.28 136.7 170.9

2 Volts 2.5 Volts 3 VoltsThe table to the right shows the measured values of the output voltages at various inputs and pressures for
each sensor. As expected, Larger input voltages yield a greater range of output voltages. The smallest
range comes from the 80µm sensor with 2 volts applied to it. The largest range comes from the 80µm
sensor with 3 volts applied to it. This was not expected and could be an anomaly. The 3 volt - 80µm
sensor data set has the least accurate R squared value, furthering suspicion of an anomaly. The graphs
below show normalized data versus pressure. The trendlines for the 20µm sensor have a steeper slope
indicating a greater rate of change, meaning a higher sensitivity. Narrower traces also yielded wider
ranges, except for the 80µm sensor at 3 volts. This could be due to many factors. Quality of the sensor,
contaminants on the sensor, human error, incorrect setup, or a measurement error could all have played a
factor. For future experiments, a quality check should be done on each sensor before testing, visually
checking the traces for any defects or contaminants. The cleanroom at UNM also produces sensors with
gold traces. Future experiments should measure these sensors and compare their output voltage range with
my results of the Nichrome sensors.
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This summer I took part in a URE at the University of
New Mexico’s cleanroom. To learn the process of
MEMS fabrication we made micro pressure sensors.
These sensors utilized a Wheatstone bridge made of a
thin film of Nichrome traces across a membrane of
silicon nitride. The pressure variance across this
membrane causes it to flex, changing the length of the
metal traces and therefore the resistance of the
Wheatstone bridge. Figure 1 shows a diagram of the
Wheatstone bridge. The experiment I conducted was
to find how the input voltage and the thickness of the
Nichrome traces affected the voltage measurement
across the bridge.

RESULTS, ERROR, AND FUTURE WORK

Figure 3: Microscope 
display showing the image 
of a pressure sensor with a 
broken membrane after 
failing
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HEPA FILTRATION IN CLEAN ROOMS
Undergraduate Research Experience for 2yr Technician Students

By: Shey Godoy
Rio Salado College

INTRODUCTION & HISTORY OF HEPA ISO CLEANROOM STANDARDS

FILTRATION TECHNOLOGY 
ADVANCEMENTS AND FUTURE

REFERENCES
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This poster offers an introduction to the significance of High 
Efficiency Particulate Air Filters (HEPA) within cleanroom 
facilities. In controlled environments, HEPA filters are 
unparalleled in their ability to trap and remove particles, thus 
ensuring the maintenance and cleanliness of conditions necessary 
for critical semiconductor manufacturing processes, scientific 
research and technological advancements. The history of HEPA 
filters date back to the early 1940s when they were developed for 
the Manhattan Project to safeguard against radioactive particles. 
Over time, these filters found application in cleanroom 
technology for electronics and pharmaceutical manufacturing, 
contributing to contamination control. As awareness of airborne 
pollutants grew, HEPA filters have evolved, becoming imperative 
to air purification systems and instrumental in enhancing indoor 
air quality and public health.

SCALE OF CONTAMINENTS

HEPA filters are created with a dense array of fine fibers, often glass or synthetic polymers, 
intricately woven to create an unpredictable passage for air to travel through. The design of the 
material forces air through convoluted paths, which maximize particle collisions with the fibers, 

thus capturing particles through impact. Specifically, smaller particles with random movements lead 
to collisions with other molecules and fibers due to Brownian motion. The electrostatic charges on 
the filter fibers also attract particles, compounding their capture efficacy. These mechanisms ensure 

the filter's effectiveness across diverse particle sizes. Additionally, The direction of airflow, 
typically unidirectional or laminar, plays a crucial role in ensuring that particles are carried away 

from critical areas, and continually filtered out. To optimize lifetime and performance, HEPA filters 
are often coupled with pre-filters that remove larger particles, prolonging the main filter's lifespan. 

This fusion of functional design and special materials, are the backbone of its exceptional 
performance.

Hepa filters can remove 99.97% of dust, pollen, mold, bacteria, and any airborne particles with a 
size of 0.3 microns (µm). The diameter specification of 0.3 microns corresponds the most 

penetrating particle size (MPPS). Most contaminants in a cleanroom originate from the humans 
that enter the facility. Contaminants such as human skin cells, clothing fibers, dust, and other 

environmental pollutants that can severely affect nanoscale semiconductor processes. 
Additionally, manufacturing processes within clean rooms can generate ultrafine particles, 

shedding from equipment, materials, and other sources. These particles can vary in size from 
submicron to larger dimensions, presenting a persistent challenge to clean room integrity. As these 

contaminants can adversely affect product quality, manufacturing, and research outcomes, 
meticulous control measures, utilization of high efficiency particle air (HEPA filters, are essential 

to maintain the ultra-clean conditions critical for clean room operations.

The future of HEPA filtration will likely be driven by advancements and innovation in 
materials science, manufacturing techniques, and design. While the principle of HEPA 

filtration may remain the same, the development of novel filter materials with even greater 
particle capture efficiency could further filtration advancements and efficiency. 

Additionally, smart sensor integration and real-time monitoring could become integral, 
enabling adaptive filter performance optimization and predictive maintenance in response to 

changing contamination levels. Finally, by enhancing the filter through more optimized 
electrostatic design and materials, a higher quantity of particles could be more effectively 

filtered out thus maintaining the clean room environment.  

“HEPA.” Wikipedia, Wikimedia Foundation, 24 Aug. 2023, en.wikipedia.org/wiki/HEPA. 

“Indoor Air Quality.” EPA, Environmental Protection Agency, www.epa.gov/indoor-air-quality-iaq/what-hepa-

filter. Accessed 28 Aug. 2023. 

ISO/TR 14644-21:2023(EN), Cleanrooms and Associated Controlled ..., 

www.iso.org/obp/ui/en/#!iso:std:86513:en. Accessed 29 Aug. 2023. 

ACH Engineering. “The Importance of Cleanroom Airflow.” ACH Engineering, 9 June 2023, 

www.achengineering.com/the-importance-of-cleanroom-airflow/. 

First, Melvin W. “HEPA filters.” Journal of the American Biological Safety Association, vol. 3, no. 1, 1998, pp. 

33–42, https://doi.org/10.1177/109135059800300111. 

ISO cleanroom standards, established by the International Organization for Standardization 
(ISO), provide a comprehensive framework for the design, operation, and maintenance of 
controlled environments with minimal airborne contamination. Standards, such as ISO 14644 
and ISO 14698, outline specific requirements for particle counts, cleanliness levels, and 
monitoring procedures to ensure consistent and reliable cleanroom performance. ISO clean room 
standards play a pivotal role to help guide and maintain the integrity within clean room 
environments. Hepa filters are a critical technology that help cleanrooms maintain these rigorous 
standards. 

Like to thank Dr. Matthias Pleil (Manager MTTC Cleanroom), Judy, and the staff 
of MTTC for the support in making this a successful learning experience. Thank 

you also to Professor James Hyder and Rick Vaughn

This material is based upon work supported by the National Science Foundation 
under DUE Grant No. 1700678.

MATERIAL AND METHODS

AIR EXCHANGE RATES AND HEPA FILTERS
The rate of air exchange or cleanroom air cycles 
directly influences the removal of airborne 
contaminants and particulates. A higher air 
exchange rate translates to more rapid particle 
removal, enhancing the environment's 
cleanliness. HEPA filtration and laminar flow 
systems, integral to the cleanroom infrastructure, 
provide a strategic advantage in optimizing air 
cycles. HEPA filters effectively cleanse the 
incoming air, removing particles down to the 
submicron scale, before it is distributed 
throughout the interior space. The high 
efficiency of HEPA filters ensures that a 
significant proportion of airborne contaminants 
are captured, reducing the need for excessive air 
changes solely for purification purposes. 

Concurrently, laminar flow systems direct the cleanroom interior’s filtered air in a unidirectional 
pattern, preventing the mingling of clean and potentially contaminated air streams. By creating 
controlled air pathways, laminar flow further reduces the risk of contamination, allowing the 
cleanroom to maintain consistent cleanliness levels even with reduced air exchange rates. The 
optimization of cleanroom air cycles is not only influenced by particle control but also by the 
specific requirements of the cleanroom's operations. These standards are specified by ISO or the 
International Organization for Standardization.  

Figure 2. Example of the scale of particle sizes relative to a human hair.

Figure 3. Hepa construction and functioning principle.

Figure 5. Cleanroom ISO 14644-1 Standards

Figure 4. Air Flow exchange example

Figure 1. Example of Commercial 
Hepa Filter

Student Outcomes – Poster Presentations in Virtual Reality
URE Program Overview
The Undergraduate Research Experience (URE) program equips students with essential knowledge, skills, and abilities 
in microfabrication processes and technologies. Key areas include:
• Fabrication Techniques: Students practiced photolithography, etching, sputter deposition, and reactive ion etching.
• Materials and Processes: Knowledge was gained in handling silicon wafers, thin film metal alloys, silicon oxide, 

silicon nitride, and photoresists, alongside associated modification and patterning techniques.
• Cleanroom Protocols and Safety: Training in cleanroom procedures ensured adherence to safety standards.
• Measurement and Characterization: Students used profilometers, scanning electron and optical microscopes, and 

thin film measurement tools for structure characterization.

Additionally, students presented their findings in a virtual online poster session.


