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1. Abstract 
 

Microscopes are essential for understanding the structure of cells, microorganisms, and           
other molecular structures. Many educational institutions and scientists rely on these devices for             
important research, yet modern microscopes, while available to well-financed labs, are often not             
an option for a classroom setting. Therefore, many students are unable to use these devices to                
practice processes that they are expected to understand later. A typical epifluorescent microscope             
can cost over $100,000, which far exceeds a typical course budget. The client, Professor              
Matthew Merrins, teaches a human biochemistry lab at the University of Wisconsin-Madison.            
His lab currently uses Laconic, a Fluorescence Resonance Energy Transfer (FRET)-based           
biosensor to detect the presence of Lactate in cells. Ideally, this lab will allow students to learn                 
about microscopy through experimentation, but with the cost constraint of the course a “typical”              
microscope is out of the question. The goal of this design is to build an affordable,                
FRET-capable microscope that can be repeatedly manufactured for his students. The current            
proposed design involves a simplified microscope with a sample stand, LED light source,             
objective platform with filter-switching interface, tube lens, and camera. The data collected from             
the camera will be submitted to a proper software service for data analysis and extraction.               
Current design plans include assembly and testing of the excitation source. 
 
2. Introduction 

 
2.1. Problem Statement 
 

The client, Professor Matthew Merrins, teaches human biochemistry lab at the University            
of Wisconsin-Madison. The course focuses on the enzyme lactate dehydrogenase, which           
produces lactate from pyruvate. Currently, his lab utilizes Laconic, a Förster Resonance Energy             
Transfer (FRET)-based biosensor. This biosensor detects the presence of lactate in healthy,            
living cells, but the fluorescence must be monitored over a period of time using an expensive                
microscope. This microscope excites the lactate biosensor using a complicated system of LEDs             
and filters. The fluorescence emission between the two different wavelengths is recorded. Since             
the current microscope in his lab in extremely expensive, the goal is to simplify the microscope                
and build a low-cost alternative specific to the Laconic biosensor.  
 
 
2.2. Project Motivation 
 

Current microscopes are extremely expensive due to their broad functionality. Even           
though this can be beneficial in a research lab, the client does not require as much flexibility for                  
his simplified microscopes. The client would like to measure FRET, but with a specific focus on                
a single metabolic enzyme, lactate dehydrogenase. Ideally he will have multiple devices for his              
class to maximize his students’ educational experience. The design should be reproducible so             
that in the future he will have six to eight microscopes for his class.  
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2.3. Background 
 

2.3.1 FRET 
 
Fluorescence Resonance Energy Transfer (FRET) is the transfer of energy between two            

light-sensitive molecules. These molecules are known as chromophores, and they are referred to             
as the donor and the acceptor. FRET is a measurement of the different intensities of emission in                 
order to determine the proximity of the two chromophores [1]. This is done by using a light                 
source (usually an LED or laser) that will excite the donor chromophore. As the donor               
chromophore gets excited, it emits photons and transfers energy to excite the nearby acceptor              
chromophore. Usually the intensity of these sources is mapped using an absorption/emission            
spectrum, and a ratio of acceptor to donor emission intensity is obtained [2]. Many dynamic               
processes, such as protein-protein interactions, can be identified with various FRET biosensors.            
FRET is a popular method because of its ability to measure low concentration of molecules, and                
it has the capability to determine molecular dynamics of a given complex over time [3].  

 

 
 
Figure 1. Schematic of Fluorescence Resonance Energy Transfer [2]. This image was obtained             
from the University of California, Davis, and shows of visual representation of FRET. S0              
represents the ground state, whereas S1 represents the lowest excited state after donor group is               
excited by a photon and then relaxed. After the electron reaches the ground state it will then                 
excite a nearby chromophore, which also will emit a photon and later return to the ground state.  
 

2.3.2 Laconic: Lactate Biosensor  
 

Lactate is produced from pyruvate by the enzyme lactate dehydrogenase (LDH) in            
mammalian cells [1]. LDH is found in almost all body tissues, and is vital in cellular respiration,                 
signaling, and metabolic processes in healthy tissues [4]. In addition, if lactate is not regulated               
properly, this can lead to various risks to a person’s health. Frequently, tumor cells have high                
rates of lactate production when oxygen is present [5]. As a result, many studies have been trying                 
to further understand this process in living cells.  

Professor Merrins’ Lab specifically focuses on the nutrient metabolism in pancreatic islet            
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beta cells. His goal is to further understand the cause of insulin release and how to cause cell                  
proliferation as soon as insulin is needed. By using rodents that are obese or have diabetes,                
Professor Merrins is able to use FRET in order to monitor metabolite production in different               
cells types, such as in yeast and cancer cells. 

The biosensor that Professor Merrins hopes to use in his lab course is a protein that                
consists of two connected fluorophores and a lactate binding site [1]. The donor fluorophore is               
teal fluorescent protein (mTFP), which is excited by 430 nm light and fluoresces at 470 nm                
(Figure 2). The acceptor fluorophore is Venus, which is excited by light around 470 nm and                
fluoresces at 535 nm (Figure 3).  

 

 
 

Figure 2-3. (2.) Excitation and emission curves for mTFP with normalized intensity on the 
y-axis and wavelength (nm) on the x-axis [6]. (3.) Excitation (dashed line) and emission (full 

line) curves for Venus [7]. 
 

This biosensor can be used to quantify lactate levels between 1 uM an 10 mM based on 
the FRET efficiency. Without lactate, the proteins are positioned well to allow for energy 
transfer between mTFP and Venus. Upon lactate binding, the FRET efficiency of the sensor 
decreases due to a conformational change induced by binding. Therefore, the change in FRET 
efficiency can be correlated with lactate concentration.  
 

2.3.3 Client Background  

Professor Matthew Merrins is an assistant professor in the Biomolecular Chemistry           
Department with a laboratory under the Department of Medicine at the University of             
Wisconsin School of Medicine and Public Health. His research is focused on nutrient             
metabolism in pancreatic islet beta cells using biochemistry, patch clamp electrophysiology,           
and quantitative imaging. Professor Merrins received his B.A in Chemistry and Biology at             
Oberlin College and his PhD in Physiology from the University of Michigan. He teaches              
Human Biochemistry Lab (BMC504) at the University of Wisconsin-Madison, where they use            
an epifluorescent microscope to image cells. 
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2.3.4 Competing Designs  

This project will specifically target the research done in Professor Merrins’ human            
biochemistry lab. As a result, there is no current device on the market that caters to a low cost                   
device that perfectly meets his lab’s requirements. However, there are many similar devices on              
the market that could be modified for his needs. 

The Dino-Lite is a small fluorescence microscope that is able to filter a specific              
wavelength of light [8]. In addition, it can be designed for the different fluorophores used. A                
Dino-Lite fluorescence microscope can cost between $948-$968 which is dependent upon the            
type of LEDs needed and emission filters. In addition, software is included and comes with a                
stand with additional features for adjustments. Even though this device is low-cost, which is              
what the client requires, this device is not ideal for FRET since FRET requires the use and                 
detection of two fluorophores and their emission wavelengths. As a result, the device would              
need to be modified to compensate for this. 

 

Figure 4. Dino-Lite Fluorescent Microscope [8]. A small hand held microscope that connects 
to your computer.  

The Lumascope 620 uses FRET to image living cells. This microscope is one of the               
most powerful devices on the market, and has a 5-filter set with 3 exciting filters, 1 triple-band                 
emitting filter, and 1 beam-splitting filter. Utilizing confocal microscopy, one can obtain            
nanoscale resolution of specimens. In addition, the cells remain alive because this microscope             
minimizes photobleaching. The microscope also features different configurations of the          
objective lens, multiple laser options, filters, and detectors [9]. Even though the client would              
be able to use this microscope for his research, it is too expensive to obtain for a classroom                  
setting because of the microscope’s broad capabilities. The team requested a quote of the              
microscope, and the CEO of Etaluma Inc., Chris Shumate, said it is depended upon the chassis,                
filter and lens, illumination source, electronics, and type of camera. Many of the current              
designs with this type of equipment cost over $100,000, based on the variable cost within the                
quality of the parts requested for the microscope.  
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Figure 5. The Lumascope 620 [9] is an expensive option that does more than FRET analysis. 

 
The Nightsea converts a stereo microscope into a simple fluorescence system. The            

product accomplishes this by using an attached filter and an external excitation source. The light               
source and the filter are assembled to be used with specific fluorophores. The Nightsea comes               
with one-color complete setup, modular excitation/emission sets, and a modular white head for a              
total cost between $1,880-$2,180. Although this device is relatively cheap, this device is not              
ideal for FRET. This is because FRET uses two fluorophores and would thus require swapping               
two filters relatively quickly. There is no current data acquisition system as well, which would               
need to be integrated in the design in order to extract relevant data for determining the FRET                 
ratio [10]. 
 

 
Figure 6. The NightSea Model SFA[10] consists of an excitation source and a filter that attaches 

to stereoscope.  
 
2.4. Product Design Specifications 
 

The final product will be a simplified single prototype microscope that will allow the              
client’s students to measure FRET in a classroom setting. This device will be similar to his lab’s                 
microscope, as it will contain an excitation source at 430 nm, two different filters for the FRET                 
response (one at 470 nm for the donor emission and the other at 535 nm for the acceptor                  
emission), and a camera. The camera will capture the images of the specimen in the solution                
chamber and upload them to a compatible computer for image analysis. The goal of the device is                 
to extract accurate acceptor-donor FRET ratios from the images collected. This accuracy does             
not have to be research-grade, but the microscope should be accurate enough that students can               
detect a change in lactate expression.  
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Along with this, the device must be intuitive to use, and the students should have to put in                  
minimal work to obtain the image outputs. The students are not expected to have an extensive                
microscopy background; therefore, they should have to do little to no image processing. The              
product must be under $2,000 so that the lab would be able to purchase at least one device                  
annually with its current budget. To accomplish this goal, most unnecessary/excessive parts of a              
microscope, such as eyepieces and other components, will be eliminated in this prototype. An              
estimate of the size of the microscope is a 20 cm by 30 cm base with a height less than 45 cm. If                       
additional software for image analysis is needed, the software used must be free and capable to                
pair with the microscope to reduce cost. The client requires that the microscope be inverted and                
that a degree of versatility be present in the design for future applications. A full list of                 
specifications can be found in the PDS in Appendix A. 
 
3. Designs 
 
3.1. Design Possibilities 
 

The team decided on three potential designs for this simplified epi-fluorescent           
microscope for FRET imaging with various pros and cons. All will achieve the same goal of                
imaging cells expressing Professor Merrins’ biosensor as well as outputting a FRET ratio. The              
three designs are presented in the following section. 
 
3.2. Design One: Single-Shoot  
 

 
Figure 7. Single-Shot Design Schematic. This is the first design idea proposed and it consists of 

no moving parts.  
 

Design one, Single-Shot, uses ten LEDs to emit light with a wavelength of 430 nm. These                
LEDs will excite the mTFP donor molecule, which emits photons with a wavelength of 470nm.               
The 470 nm photons excite the Venus fluorophore, which has a 535 nm emission wavelength. A                
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40x objective collects and collimates the light from the fluorophores.  
The light then passes through a multi bandpass filter which blocks all the light except for                

light with wavelengths of 470 nm (± 20 nm) and 535 nm (± 20 nm). See Appendix B for the                    
transmission curve of the multi bandpass filter. The multi bandpass filter ensures only the light of                
interest is passed to the rest of the system. The light then travels to a tube lens. The tube lens                    
focuses the light onto the detector. The detector in this design is a color camera which will tell                  
the difference between 470 nm light and 535 nm light. The color camera sends the data to a                  
computer.  An image processing software, most likely FIJI, will be used to analyze the images.  
 
3.3. Design Two: Filter-Swap  
 

 
Figure 8. Filter-Swap Design Schematic. This is the second design idea proposed and it consists 

of a motor that swaps out the filters. 
 

The Filter-Swap design alternative is both similar to and distinct from the Single-Shoot             
preliminary design. The specimen is placed on an open platform above the rest of the interface,                
and a hole drilled through the platform allows an LED source and detector access to the sample                 
for an excitation and emission spectrum for FRET Imaging. The LED source is composed of a                
ring of 430 nm LEDs for excitation of the sample. A 40x objective centered through the LED                 
excitation ring is brought up to the sample dish for image collection. A box or structure would be                  
inserted between the LED source and the camera detector to limit interference from the 430 nm                
light. A high pass filter is likewise put in the beam path to limit interference that may pass                  
through the objective lens. 

Following this, the incident light travels through two rotating filters. The 470 nm and 535               
nm filter are placed in a sliding mechanism and electronically controlled to be switched into the                
beam path for data collection. This sliding mechanism can be accomplished by either a linear               
solenoid, linear actuator, 2-bar-linkage rotor, or other integrated mechatronic circuit. The goal of             
the filter swap is to allow the camera to detect good, in-focus images of both emission sources                 
while maintaining a practical shifting rate to capture both types of images. This filter collection               
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pattern would be coordinated with the LED light source and camera detector to shine and collect,                
respectively, at the best time for image analysis. A tube lens is placed in the beam path to                  
properly collimate the sources on the camera. A monochrome camera is used to send these image                
captures to a software package for an analysis protocol that can determine the FRET ratio for the                 
client’s lactate. 
 
3.4. Design Three: Beam-Splitter 
 

 
Figure 9. Beam-Splitter Design Schematic. This is the third proposed design and it consists of 

mirror that splits the two wavelengths of interest.  
 

Design three, Beam-Splitter, uses an array of ten LEDs that emit light with a wavelength               
of 430 nm. A 40x objective will collect and collimate the emitted light. The light passes through                 
a multi-bandpass filter allowing only the light of interest to pass through to the rest of the system.                  
See Appendix B for the transmission curve of the filter. The light travels to a tube lens which                  
will focus the light onto the dichroic mirror. The dichroic mirror passes longer wavelengths and               
reflects shorter wavelengths. In this design, the dichroic mirror would pass 535 nm and reflect               
the 470 nm light. The two wavelengths of light would be detected simultaneously by two               
monochrome cameras. The cameras would pass the information to a computer where image             
analysis would occur.  

 
3.5. Design Matrix 
 

After thoroughly researching these four designs, the team created a design matrix to rank              
them against one another in order to determine which should be pursued. The team considered               
six different categories in order to determine the best option: cost, client input, image quality,               
ergonomics, dependability, and manufacturability. Considering the advantages and        
disadvantages of each option, the team collaborated to give each design idea a ranking out of 5                 
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for each component of the design matrix. Design scores highlighted in blue won their category               
(or tied for the top) and the total highlighted in green is the score for the design idea the team                    
chose. 
 

Design Criteria Single-Shoot Filter-Swap Beam-Splitter 

Cost (25) 3/5: 15 3/5 : 15  2/5: 10  

Client Input (20) 3/5 : 12 5/5 : 20 1/5 : 4 

Image Quality (15) 3/5 : 9 4/5 : 12 5/5 : 15 

Ergonomics (15) 3/5 : 9 3/5 : 9 5/5 : 15 

Dependability (15) 4/5 : 12 3/5 : 9 4/5 : 12 

Manufacturability (10) 5/5: 10 3/5 : 6 3/5 : 6 

Total: 67 71 62 

Figure 10. Design Matrix. This figure represents the design matrix for the three different design               
ideas. The highest scoring design(s) for each respective criterion is highlighted in blue, and the               
highest scoring design total is highlighted in green. 
 
3.6 Design Criteria 
 

Cost was chosen as the most important design criterion since the client required that there               
be a strict budget of $2,000. Every semester the client teaches human biochemistry lab, he is                
provided with a $5,000 budget for the course. Ideally, he wants to obtain 5-8 microscopes for the                 
course, resulting in a total cost of up to $16,000. Therefore, his plan is to purchase one to two                   
microscopes each year given that each is under the $2,000 budget. With this in mind, the team                 
hopes to make the microscope as cheap as possible while still maintaining image quality. To               
determine which microscope is the most cost effective option, the team researched cost for all of                
the components and compiled total prices. Lists of the items required for each microscope can be                
seen in Appendix C. Based on these cost spreadsheets, Single-Shoot and Filter-Swap were nearly              
identically priced, so they were both given a three out of five. However, Beam-Splitter was               
almost $500 more due to the added dichroic mirror and extra camera. Therefore, cost was ranked                
the lowest in design 3. 

Client Input was also chosen as one of the highest weighted categories because Professor              
Merrins has relevant experience working with an epi-fluorescent microscope and FRET in his             
lab. He also works closely with students each semester to teach them about fluorescent              
microscopy. Therefore, he has a great understanding of his precise design specifications.            
Additionally, once the client saw the predicted prices for each of the microscopes, he was excited                
that there were two options under $1,500. As a result, he was intrigued about the possibility of                 
adding in the ability to change filters to do FRET with a different biosensor. Based on this,                 
Professor Merrins thought that the Filter-Swap design was best since it did not require the               
extensive image processing like that of Single-Shoot, and the filters could easily be exchanged.              
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The client thought that the two cameras of the third design was unnecessary. Therefore,              
Filter-Swap was given the highest score of five out of five, Single-Shoot received a three out of                 
five, and Beam-Splitter received a one out of five.  

Image Quality is making sure that the camera receives enough signal from the             
fluorophores to create a useful image. This means that the intensity of the donor and acceptor                
wavelengths should be detectable and small changes will need to be discerned as well. The team                
determined that the final design, Beam-Splitter, should win this category with a five out of five                
because there would be two cameras, which would be able to each detect an individual image of                 
the two different wavelengths. Therefore, all of the pixels are dedicated to detecting only one               
wavelength, so the image quality would be better. This meant that the second design was the                
second best option since it would have the same quality of image, but the images will be not                  
taken at exactly the same time. With a small time offset this should not affect the results much.                  
Since Single-Shoot detected both images simultaneously with one camera, it will have the worst              
image quality. Therefore, it received a three out of five. 

Ergonomics is meant to quantify user-friendliness of each design. Therefore, the team            
considered how much image processing would need to be done for each design and whether or                
not it would be easy for a student to use. Since Single-Shoot will require some image processing                 
and Filter-Swap may require the student to push a button to swap filters, they both received a                 
three out of five. Beam-Splitter will require only minimal image processing and does not require               
the student to swap filters, so it received a five out of five.  

Dependability is one of the design criteria because the design should be able to withstand               
student use for as long as possible. For a cost effective microscope, ideally the client should not                 
need to purchase new parts or new devices for as long as possible. Thus, the team decided that                  
any designs with moving parts that could fail with repeated use may not last as long as designs                  
with parts that do not move. This meant that Filter-Swap received the lowest score in this                
category with a three out of five. The other two designs both received fours out of five since                  
there are still problems with the cameras or circuitry that could arise.  

Manufacturability is how easy it is to build and assemble each of the designs. This               
includes aligning all of the components so that the image is focused onto the detector of the                 
camera as well as the manufacture of any circuitry used to power the design. If there is anything                  
unusual about the stand set-up, it is also included in this category. Therefore, Filter-Swap and               
Beam-Splitter each received a three out of five since single Filter-Swap requires the design of a                
system to swap the filters and Beam-Splitter will require a stand to hold more components.               
These components will also need to be meticulously aligned, which will be more difficult with               
two cameras pointing in different directions. Single-Shoot won this category with a five out of               
five because everything is aligned in one path and there are no moving parts.  
 
3.7 Power and Control of Excitation Source  

 
The team chose to use Thorlabs’ 430 nm LEDs to excite the sample[11]. These LEDs               

were chosen because their spectrum peak was at 430 nm, which is what the design required (see                 
Appendix D). The LEDs were also brighter compared to other 430 nm LEDs on the market and                 
appeared to have a narrower spectrum than others that were being considered. The team wanted               
to use an Arduino microcontroller to control the LEDs. A constant current sink 8-bit shift register                
was used to control the LEDs through the Arduino. The Texas Instruments TLC5917 8-bit shift               
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register was used. See Appendix E for a pinout of the shift register. The shift register was chosen                  
because the SparkFun community had created a software library, which has the ability to easily               
manipulate the LEDs [12]. The amount of current delivered to the LEDs was determined by a                
programmable resistor on the shift register. A potentiometer was used as the programmable             
resistor since it allowed the team to easily change the current of the LEDs. The output pins of the                   
8-shift register were controlled by the clock pin, data input pin, and latch pin. The clock pin on                  
the shift register received pulsed voltages at a frequency of 16MHz [12]. If the clock pin and data                  
pin were both set a high volt at the same time, then a high voltage was sent to the register. When                     
the latch pin received a high voltage then a low voltage, the values in the register were sent to the                    
output pins. The program controlling the shift register was set up such that the the entire register                 
contained a high voltage and the latch pin signal was pulsed such that all the output pins on the                   
shifter register were always on. The TLC5917 also has a disable pin. When the disable pin is set                  
to high all the output pins are turned off. A push button-switch was wired to the Arduino. When                  
the button was pushed the LEDs turned off by setting the disable pin high. A schematic of the                  
circuit can be seen in Figure 11 and the program used to control the LEDs can be seen in                   
Appendix F. 
 

 
Figure 11. Schematic of Circuit 
 
3.8 Preliminary LED Holder Designs 
 

In order to test the excitation source, the team wanted to design an aperture for holding                
the LEDs in place. The first prototype made can be seen in Figure 12. The team attempted to use                   
this prototype for testing, although the prototype had many issues with the LEDs. One of the                
issues that occurred was that the wires were unable to fit through the small hole made. In                 
addition, the LEDs were unable to be angled up to concentrate the light. This is because the                 
center platform was flat instead of on an angle. To improve this prototype, the team decided to                 
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add more holes in order for wires to fit through. The piece was also angled instead of flat so that                    
the LEDs would be able to concentrate the light. The final design can be seen in Figure 13. The                   
team plans to use this design for future experiments and the final miniature microscope.  
 

 
Figure 12. Preliminary Sample Holder Design. This image represents a 3D printed SolidWorks 

design of the first sample holder. This prototype was designed in order to hold the LEDs in place 
and organize the wires from the LEDs through a small hole.  

 

 
 

Figure 13. Final Sample Holder Design. This holder has a conical center for the LEDs. The 
design is no longer flat so that the LEDs are able to be angled to concentrate the light. 

 
3.8 Final Proposed Design  
 

Upon evaluating results from iterative designs during the semester, the team has decided             
to propose and pursue a final design for the semester that will be evaluated during subsequent                
design periods. A conceptual mock-up of the design can be viewed in Figure 14. The design                
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consists of a skeleton frame holding each of the required components for FRET microscopy.              
Only three components will be custom designed for this device: the sample platform/excitation             
source, filter holder, and filter post/objective holder. These custom components will be            
3D-printed to reduce complexity of fabrication; all other components are completely           
off-the-shelf or are with minimal modification. 
 

  
Figure 14. Overview of proposed microscope structure. A legend is included to identify all 

important components of the design. 
 

After evaluating the excitation source of LEDs, an excitation filter is implemented in the              
final design to provide excitation only between 400 and 440 nm. In order to account for this extra                  
filter, the excitation source will be situated above, rather than below, the sample platform (Figure               
15). The sample platform is likewise attached to a z-adjustment support knob to move the sample                
in focus for experimentation. This adjustment is the only current manually adjustable source for              
student use, as every other component is planned to be either fixed or automated. The emission                
filter swapping mechanism is adjustable but electronically controlled, and all other components            
in the beam path, including the objective, tube lens, and camera, are assumed to be rigid with                 
minimal adjustment during calibration. 
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Figure 15. An exploded view of the excitation source and sample platform. This section is the 
only free-standing component of the design that will be held by the support rod. The system is 

adjusted by a support knob attached to the rod. 
  

As stated above, a motor-driven filter swapping mechanism will be implemented in the             
final design to control which emitted light will be collected by the camera detector. The current                
state of this design involves a stepper motor, custom semi-circular filter holder, and a filter post                
in the beam path of the microscope (Figure 16). A stepper motor with sufficient speed is used to                  
switch between the 470 nm and 535 nm emission filters with needed accuracy and can be                
remotely controlled by experimenters to coincide with excitation illumination and image capture.            
A custom-printed filter holder will house the needed emission filters and allow fast, compact,              
and simple swapping of filters by allowing the stepper motor to introduce a small amount of                
torque that shifts the needed filter into position behind the objective. Movement to the previous               
filter means that a similar amount of torque is needed in the opposite direction by the stepper                 
motor. In this manner, filter swapping can be accomplished by prompting the stepper motor to               
rotate in ‘positive’ and ‘negative’ directions. Finally, a custom 3D-printed objective holder will             
serve the dual purpose of providing a place of entry for the filter holder in the beam path of the                    
microscope and an insert for a purchased objective. 

15 



 

 
Figure 16. An exploded view of the filter swapping mechanism. This system shares the role of 
also supporting the objective (not shown). The stepper motor attached to the microscope base 

will provide the input to switch filters between images. 
 

To give a final general overview, the design can be traced by the path of light from                 
excitation to detection (Figure 17). An excitation source consisting of LEDs and an excitation              
filter will shine down on the sample in a glass-bottom cell culture plate. This cell culture plate                 
can be slid between the excitation source and the sample platform and be centered based upon                
the geometry of the sample platform. The sample platform is likewise supported and adjusted by               
a system arising from the base of the microscope. Excitation light will hit the sample, which will                 
respond by emitting lights of different wavelengths. This emitted light will be captured by an               
objective, shone through the proper filter from the filter swapping mechanism, collimated            
through a tube lens, and detected by a camera at the base of the microscope. Images captured by                  
the camera can then be processed by a computer for analysis. This computer likewise controls               
the camera detection, proper swapping of the filters, and initiation of the excitation light. Further               
testing will validate or modify this proposed design. 
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Figure 17. The general beam path of the microscope. 430 nm light will be filtered and excite the 

sample, which likewise will emit 470 nm and 535 nm light in response. An emission filter 
(shown as 535 nm) will attenuate the light response to only allow detection of certain 

wavelengths of light. 
4. Experimental Set-up 
 
4.1. Experimental Overview 
 

This semester the team specifically focused on testing the excitation source and camera             
of the filter-swap design. Without a proper excitation source there would be no image produced.               
On the other hand, if there is proper excitation, the microscope also needs a camera capable of                 
capturing these images. As a result, the team decided to focus on these two aspects before                
exploring additional design requirements of the project. 

The team first purchased a total of ten LEDs all with 430 nm center wavelength. Using an                 
Oscilloscope and multimeter, the voltage and current were measured for each LED. This was              
done to make sure none of the LEDs were receiving an obscure amount of current or voltage.                 
Only nine LEDs were used during testing. The results were recorded in a spreadsheet which can                
be seen in Table 1.  
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