
Poincaré Switch:
A fast polarization switch for the visible spectrum.

Henri Poincaré
29 April 1854 – 17 July 1912

Calcite Crystal

Single Axis Cross-Flexure 
Galvo Motor, from ThorLabs



Team Members

Michelle Nguyen
Electrical Engineering

Austin Rich
Photonic Science Engineer

Joshua Hendry
Photonic Science Engineer



Selecting polarization states

 Rapid Selection of polarization states using small angles and fast 
movements

 A system that operates through the visible spectrum

 Can go between on and off states in about 1 ms with a difference 
of 30 dB in power.



Background and Motivations

Our project is primarily based on the paper "Double-pass rotating z-cut 
quartz plate as a rapidly variable waveplate."

This paper proves feasibility of our project and provides a  clear path 
on how to approach not only the experimental setup but the 
mathematical simulations

 
Byungjin Lee, Kiryang Kwon, and Jae-yoon Choi, "Double-pass rotating z-cut quartz plate as a rapidly 
variable waveplate," Opt. Express 33, 28739-28751 (2025)



Engineering Specs

SpecificationParameterComponent

≤ 0.1°Angle Step 
Size

Motor

5,000 
samples per 

second

Update RateDAQ Card

3.3 VMax Output 
Voltage

ESP32-S3

1 AMax Output 
Current

3.3 V 
Regulator

≥ 50 MHzGain 
Bandwidth

Op-Amp

≥ 25,000 
samples per 

second

Update RateDAC

Electrical Optical

SpecificationParameterComponent

650nmWavelengthLaser

450nm / 
>20mW

Wavelength / 
Power

LED

>1000:1Extinction RatioPolarizer

~5000 samples 
per second

Sampling RatePhotodiode

>1000:1Extinction RatioCrystal



Engineering Requirements
RequirementSystem

≤ 750 WPower Consumption

≤ 3 secondsUser Input to Output Time

1000:1Extinction Ratio

± 0.005°Motor Precision

≤ 5 millisecondModulation Time

20 mWOptical Output Power

400 nm to 700 nmWavelength Range

0° to 180°Polarization Range

< $7,000Total Cost of Switch



Crystal Math – Jones Vector 
Calculus A good place to start, normalized Jones Vectors



Crystal Math – Sellmeier Equations

Calcite Crystal Alpha - BBO

Quartz Crystal

Sellmeier equations give us the wavelength dependent refractive indexes 
for our birefringent crystals, which then in turn is used to calculate the 
change in phase as we rotate our crystal.



Crystal Math – Stokes Parameters
To calculate our theoretical polarization, we need to convert from jones vectors to stokes 
parameters, we can then plot the polarization state on the Poincare sphere by using the 
stokes parameters.



Crystal Math – Change in Phase 
Delay
Change in phase delay is calculated using the wavelength dependent refractive 
indices and the age of incidence.



Crystal Math – Creation of the Crystal 
Jones Matrix

In this equation our Beta is the pitch of the crystal and theta is the angle of 
incidence we can then combine this with our jones vector calculus to calculate 
the normalized power output.

Then with the output Jones Vector we can calculate the stokes parameters and the output 
polarization

Here we have the calculations 
of our single and double-pass 
setups.



Crystal Math – PER calculations

The Polarization extinction Ratio of our crystal set up was calculated by comparing the 
theoretical and normalized power values in the vertical and horizontal electric fields.

This formula returns PER in 
dB.

When the ratio is equal to 0 
dB we know that there is 
equal power between the 
two fields.



Crystal comparisons

Quartz crystal Calcite Crystal α - BBO Crystal



Hardware Block Diagram *Double Pass System 
used for the Optics 
Setup



Software Block 
Diagram

• Diagram shows how the 
software will interact with 
final prototype

• GUI
• Light Source Control –

LED
• Motor Control
• Power Reading Control



Optical Design Layout

Single Pass System Double Pass System



Light Source Considerations

 Want to test across entire visible spectrum

 Want to test a bandwidth of 30nm

 Able to produce around 50mW of optical power

 Leads to us using an LED for the bandwidth and a laser to test 
different wavelengths in the visible spectrum



LED Comparison and Selection

M470L5 
ThorLabs

MWUVL1 
Thorlabs

470 nm406 nmWavelength

28 nm300 nmBandwidth 
@FWHM

1161.7 mW235 mWOptical 
Power

$261.20$191.10Cost

M470L5 Thorlabs LED

 Chosen for its large 
Bandwidth compared to 
other choices

 Large optical power allows 
us to use several 
beamsplitters without losing 
too much power and not 
hitting our specification

 Very expensive LED but is 
placed on its own heat sink 
and allows us to test the 
blue side of the visible 
spectrum



Laser Comparison and Selection

0220-923-00 
Edmund 
Optics

Thorlabs PL20X

635 nm635 nm, 520 nm, 
405 nm

Wavelength

5 nm1 nmBandwidth

2 mW0.9 mWOutput Power

$303.03$146.4 - $246.67Price

Thorlabs PL20X

 Several wavelengths across 
visible spectrum (635nm, 
520nm, and 405nm)

 Cheapest reliable laser to 
test the red end of the visible 
spectrum

 When combined with the 
blue LED and red laser we 
test the entire visible 
spectrum



Polarizer Consideration

 Largest concern is we need to have an extinction ratio of 1000:1

 We need polarizers with a much higher extinction ratio so that we 
don’t have the polarizers as the limiting factor to our systems overall 
extinction ratio

 Polarizers need to work across entire visible spectrum



Polarizer Comparison

CCM5-
PBS201/M 
Thorlabs 
(Beamsplitter)

Thorlabs GT5

420nm –
680nm

350nm –
2.3um

Wavelength 
Range

1000:1 
transmission

100:1 
reflection

100,000:1Extinction 
Ratio

$331.76$626.65Price

Thorlabs GT5

 Glan-Taylor type polarizer
 Two crystals with an angled 

edge between

 This angle ensures reflection of 
a specific polarization and 
allows the other to pass 
leading to high extinction ratio

 Only extinction ratio 
that will give us an 
accurate 
representation of the 
extinction ratio of our 
crystal



Photodiode Considerations

 Photodiode needs to be fast enough to detect a change from max 
to min power in under a millisecond

 Needs to be sensitive enough to detect low optical power since our 
laser can only output 0.9mW

 Needs to read a low enough power to determine our extinction 
ratio



Photodiode Comparison

Newport 
918D-SL-
OD2R and 
844-PE-USB

DET100A2 
Thorlabs 

Thorlabs 
S120C and 
PM103

400 nm –
1100nm

320nm –
1100nm

400nm –
1100nm

Wavelength 
Range

20 pW – 2 WDependent 
on outside 
factors

50 nW – 50 
mW

Power 
Range

0.066 ms20ns<1 usSampling 
Rate

$1762$204.65$1109.61Price

DET100A2 and S120C setup

 This Photodiode combined 
with our own TIA circuit will 
allow us to control our 
power range

 Has fastest sampling rate

 High sampling rate will give 
us the greatest 
understanding of our fast-
switching speed

 With power meter can 
easily see extinction ratio



Motor Consideration

 Precise position control (to travel 0.1 degree)

 Fast motor speed (for a switching time of 1 ms)

 What type of motor to use?



Motor Type Comparison
Galvanometer 

Motor
Brushless DC 

Motor
Servo MotorStepper MotorFeature

0.000057N/A0.088 (with 12 
bits encoder)

0.9 / 0.1125 (with 
micro stepping)

Step Angle 
(Degrees)

Closed-LoopClosed-LoopClosed-LoopOpen-LoopFeedback 
System

PositionSpeed, TorquePosition, Speed, 
Torque

N/AControl 
System

Low Power 
Consumption

Medium Power 
Consumption

Low Power 
Consumption

High Power 
Consumption

Energy 
Efficiency

LowHighLowHighHeat 
Generation

Small:
$50 - $600

High Speed:
$300 - $4,500

Industrial:
$3,500 -
$10,000+

Small:
$15 - $50

Mid-Range:
$150 - $1,000
High Torque:

$1,000 - $7,000

Small: 
$5 - $50

Medium: 
$100 - $2,000
High Torque: 

$1,000 - $8,000

Small: 
$5 - $50

Medium: 
$20 - $150

Large: 
$50 - $1,500+

Cost

Galvanometer Motor

• Small Step Angle
• Closed-loop 

feedback system 
will help with 
precise angle 
movement of the 
motor

• Known for a fast-
switching time



Motor Comparison

Cross-Flexure 1D 
Galvanometer

Noavanta 6210K 
Galvonometer

SCANLAB's 
dynAXIS

Features

$3,819.90QuoteQuoteCost

Available Now6 Months4 MonthsLead Time

150 µs100 µs – 200 µsData Sheet 
Unavailable

Small Step Angle 
Response

< 10 µrad8 µradData Sheet 
Unavailable

Repeatability

Cross Flexure 1D 
Galvanometer

• Availability –
Available Now, 
time constraint of 
project is important 
to consider

• Cost known, 
project needs to 
stay within the 
given budget



High Level Motor Controller 
Consideration

 How do we control the motor?

 Chosen galvanometer motor moves based on analog voltage input 
through the command line that goes to the motor driver

 What controls how much analog voltage goes to the motor driver?



High Level Motor Controller 
Comparison

MicrocontrollerComputerSpecification

Digital to Analog 
Converter

Galvo Controller CardExternal 
Technology

Arduino LibrariesCompany 
Recommended Software

Software

Low Power 
Consumption

Low Power ConsumptionEnergy Efficiency

Microcontroller: $4 -
$35

DAC: $5 - $25

Computer: N/A (Personal 
Laptop)

Galvo Controller Card: 
$300 - $750

Cost

Computer

• Software 
Capabilities

• ThorLabs
recommended 
Galvo Controller 
Card setup to 
control the 
galvanometer 
motor

• Ensures 
compatible with 
controlling the 
motor



Galvo Controller Card 
Consideration

 DAQ was chosen as the galvo controller card

 Recommended by the galvanometer motor's company (ThorLabs) 
for more complex scanning patterns

 Analog Output Update Rate for control over the switching time and 
the degree movement of the motor

 Analog Output Voltage must match the input analog voltage of the 
motor driver



DAQ Card 
Comparison

MCC USB-
160G

PCIE-1812-BUSB-6002Features

2 Channels2 Channels2 ChannelsAnalog 
Output 

Channel
500,000 

Samples per 
Second

250,000 
Samples per 

Second

50,000 
Samples per 

Second

Maximum 
Sample Rate

16 bits16 bits16 bitsAnalog Input 
Resolution

500,000 
Samples per 

Second

3,000,000 
Samples per 

Second

5,000 Samples 
per Second

Maximum 
Update Rate

±10 V±10 V±10 VAnalog 
Output 
Voltage

$919$1,333$697Cost

USB-6002

• Cheapest Model
• Project was 

quickly reaching 
the limits of the 
budget

• 5,000 samples per 
second = 5 
samples per 
millisecond to 
control the motor

• Tight control 
bandwidth but do-
able



Microcontroller Consideration

 GPIO pins

 Simplicity of use / to programmed

 Cost of the microcontroller

 Capability of the microcontroller to be used for light control (LED) 
and ADC reading for our project



Microcontroller Brand Comparison

STM32Arduino UnoMSP 430ESP32Features

12-bit10-bit12- or 14- bit12-bitADC Bit

37+ 
(Depends on 
the Model)

144 to 90 
(Depends on 
the Model)

34GPIO Pins

Low Power 
Consumption

Low Power 
Consumption

Low Power 
Consumption

Low Power 
Consumption

Energy 
Efficiency

$1 - $25$20 - $55.40$2 - $25$3 - $14Cost

Too complex 
for the scale 

of 
programming 
in this project

Cost a bit more 
than the other 
microcontroller

Simple 
programming 

and more 
control over 

the bit values in 
the registers

Supports 
Arduino IDE for 

simple C 
programming

Suitability for 
LED Control 
and ADC 
Reading

ESP32

• ADC 12-bit (14-bit 
is too many bits for 
analog reading to 
sample 50,000 
samples per 
second)

• Cost is relativity on 
the cheaper side

• Support simple C 
programming



ESP32 Development Kit Comparison
C5-DevKitC-1C3-DevKitM-1S3-DevKitC-1Features

Single-Core, RISC-
V (240 MHz)

Single-Core, 32-bit 
RISC-V (160 MHz)

Dual-Core, 32-Bit 
LX7 CPU (240 MHz)

Processing Power

221534I/O Pins

8 MB4 MB8 MB / 32 MBRAM

$13.90$9.80$15Cost

High Power 
Consumption

Low Power 
Consumption 

Medium Power 
Consumption

Power Efficiency
(in comparison)

Fast processing 
power but only 
single-core, Low 
power efficiency 
(in comparison to 

other models)

Slower clock 
speed, Single-

core, Low amount 
of RAM for 
flashing, 

Excellent power 
efficiency

Fast processing 
power, Dual core 
(permit parallel 
task execution), 
High amount of 
RAM for flashing, 
Decent power 

efficiency

Suitability for LED 
Control and ADC 

Reading

S3-DevKitC-1

• Dual core, permit 
parallel task 
execution

• High amount of 
RAM for flashing

• Lots of GPIO pins



LED Driver Considerations

 Chosen LED needs a LED driver to be powered

 Forward Voltage of 3.8 V

 Maximum Current Input of 1,000 mA (1 A)



LED Driver Comparison

RCD-24-1.00/WLDDS-1000HWTLM4036DC-1000Features

1 A1 A1 AMax Current

6 V – 36 V12 V – 56 V10 V – 30 VInput Voltage

3 V – 31 V2 – 45 V2 – 26 VOutput Voltage

33 W45 W26 WPower

$24.44$8.87$22.98Cost

LDDS – 1000 HW

• On/Off Switch, High = 
On (More power 
efficient for the overall 
system) (Can be 
controlled by the ESP 
32 S3)

• Cheapest Model



Op-Amp Considerations

 Create a TIA circuit that is compatible with the chosen Photodiode

 TIA circuit requirements:

 Output Voltage: 0 V to 3 V

 Input Current: 0.1 mA to 9 mA (when LED is used)

 Bandwidth of Chosen Photodiode: 10 MHz

 Op-Amp needs to have a bandwidth of at least 50 MHz to meet the 
demands of the TIA circuit

 Precise Op-Amp will need to be used to minimalized offset voltage



Op-Amp Comparison

OPA2863AOPA863AOPA354OPA357Features

50 MHz50 MHz100 MHz100 MHzGain 
Bandwidth

0.095 mV0.095 mV8 mV8 mVOffset 
Voltage

730,000 pA730,000 pA50 pA50 pAInput Bias 
Current

2.7 V – 12.6 
V

2.7 V – 12.6 
V

2.5 V – 5.5 V2.5 V – 5.5 VSupply 
Voltage 
Range

$3.77$2.39$2.39$2.38Cost

OPA354

• Gain Bandwidth of 100 
MHz, enough room to 
meet the demands of 
the TIA circuit

• Datasheet showcase 
PCB design 
layout, simpler than 
the OPA357 PCB 
design layout



Digital-to-Analog Converter 
Consideration

 Interface Type between I2C and SPI needs to be chosen for the 
DAC

 Rate of output needs to be considered

 DAQ can read 50,000 samples per second

 DAQ can receive an input voltage upwards to 5 V



Digital-to-Analog Converter 
Comparison

DAC53001DAC53202DAC6311DAC6571Features

25,000 
samples per 
second

25,000 
samples per 
second

83,000 
samples per 
second

125,000 
samples per 
second

Update Rate

0 V to 5.5 V0 V to 5.5 V0 V to 5.5 V0 V to 5.5 VOutput 
Voltage

I2C, SPII2C, SPISPII2CInterface 
Type

WQFN (RTE)WQFN (RTE)SOT-SC70 
(DCK)

SOT-23 (DBV)Package 
Type

$3.33$3.15$2.01$2.05Cost

DAC6311

• Easy access to pins

• SPI Communications –
faster communication 
speed

• Cheapest model



Voltage Regulator Considerations

 Needs to power the ESP32 S3

 ESP32 S3 needs an input voltage of 3.3 V

 Can draw upwards to 1 A depending on the task being executed

 What type of voltage regulator would be the best for powering the 
ESP32 S3?



Voltage Regulator Type 
Comparison

SwitchingLinearFeatures

Fixed or AdjustableFixed or AdjustableOutput Voltage

LowHighHeat Generation

High (70% to 95%)Low (30% to 60%)Efficiency

HighSimpleComplexity

Step-Down, Step-
Up

Step-DownStep Movement

Switching Voltage 
Regulator

• Low Heat 
Generation / High 
Efficiency – can 
lead to a lack of 
heat sink needed 
for the PCB



Voltage Regulator Comparison

LM27402LM2575BD9781HFP-TRFeatures

30 A1 A4 AMax Output 
Current

90% – 97%75% – 88%75% – 80%Efficiency

3 V – 20 V4.75 V – 40 V7 V – 35 VInput Voltage

0.6 V – 18.6 V1.23 V – 37 V1 V – 35 VOutput Voltage

$3.12$3.63$5.69Cost

LM2575

• Caps the output 
current at 1 A, 
ensures the ESP32 
S3 does not draw 
more than that

• Wide range of 
input voltage –
permits more 
variety of options 
for choosing a 
power adapter for 
the system

• Cost is not too 
expensive



Power Management
Operating CurrentOperating 

Voltage
Power 

Consumption
Component

Typical: 500 mA
Max: 1000 mA

Min: 3 V
Max: 3.6 V

Typical: 1,500 mW
Max: 2,160 mW

ESP32

Max: 1000 mATypical: 3.8 V
Max: 3.82 V

Typical: 3,800 mW
Max: 3,820 mW

LED

Typical: 80 mA
Max: 100 mA

Min: 4.9 V
Max: 5.2 V

Min: 392 mW
Max: 520 mW

Laser Diode 
(520 nm)

Typical: 70 mA
Max: 90 mA

Min: 4.9 V
Max: 5.2 V

Min: 343 mW
Max:468 mW

Laser Diode
(635 nm)

Typical: 4 A
Max: 10 A

±15 V to ±24 VTypical: 60 W
Max: 240 W

Motor Driver

Typical: 4 A
Max: 10 A

±15 V to ±24 VTypical: 60 W
Max: 240 W

Motor

2.31 A19.5 V45 WLaptop

Max: 150 mA4.85 V to 5.15 V727.5 mW to 
772.5 mW

DAQ Card

Typical: 12.11 A 
Max: 24.65 A

Min: ±24 VTypical: 171.76 W
Max: 532.74 W

Total System



Power Delivery System Comparison

SolarWall OutletBatteryFeatures

Variable 
Voltage 

Constant 
Voltage

Semi-Constant 
Voltage

Output 
Behavior

SunlightGrid / Stable 
AC Power

Stored 
Chemical 
Energy

Energy Source

Solar Panel, PV 
Cells

Power Adapter, 
Power Jack

Battery HolderExternal 
Equipment

10 V – 32 V4.5 V – 56 V1.5 V – 12 VOutput Voltage

ExpensiveRelatively 
Cheap

CheapCost

Wall Outlet

• Some equipment 
already requires 
the usage of the 
wall outlet (laptop, 
DC power supply 
for motor)

• System does not 
need to be 
portable

• Easy access to wall 
outlet is always 
available



Power Adapter Considerations

 Convert AC power of the wall outlet to DC power for the system

 Need to provide at least 12 V to power the LED driver

 Need to provide at least 2 A for the LED driver and ESP32 S3



Power Adapter Comparison

16-00216B00ZWU5L0CMDS-030AAC07 
AB

Features

12 V3 V - 12 V7 VOutput Voltage

3 A2 A3 AOutput Current

36 W24 W21 WPower Rating

5.5 mm x 2.1 mm5.5 mm x 2.1 mm5.5 mm x 2.1 mmPlug Size

$11.81$13.90$27.64Cost

16-00216

• Meets the output 
voltage 
requirement – 12 V

• Meets output 
current 
requirements – 3 A 
(extra current 
ceiling for the 
overall system)

• Cheapest Model



Power Jack Considerations

 Needs to meet the voltage and current ratings of the chosen power 
adapter

 Handle at least 12 V 

 Handle at least 3 A

 Needs to match the plug size and polarity of the chosen power 
adapter

 5.5 mm x 2.1 mm

 Center Positive



Power Jack Comparison

B08PYT6HZ2B072BXB2Y8B07CTMY9KGFeatures

12 V12 V12 VVoltage Rating

15 A5 A3 ACurrent Rating

5.5 mm x 2.1 
mm

5.5 mm x 2.1 
mm

5.5 mm x 2.1 
mm

Barrel Size

FemaleFemaleFemaleGender

Center PositiveCenter PositiveCenter PositivePolarity

$9.99$9.49$5.99Cost

B072BXB2Y8

• Meets the output 
voltage 
requirement – 12 V

• Meets output 
current 
requirements – 5 A 
(extra current 
ceiling for the 
overall system)



ESP32 Programming 
Languages

CircuitPythonMircoPythonPythonCFeatures

Simplified version of 
MicroPython

Python 3 
programming for 
embedded and 
MCU

Object-oriented  
programming

Low-level 
programming and 
supports high level 
programming

Description

No need to compile 
code
Turns the MCU into a 
plug and play 
device
Lacks access to low 
level hardware on 
MCU

Can be used to 
code MUC that has 
small storage and 
RAM

Not supported
Have to use 
MircoPython or 
CircuitPython

Direct access to 
machine level 
hardware
Dynamic memory 
allocation

Embedded 
Programming

SimpleSimpleSimpleComplexSyntax

Less libraries 
available for usage

Less libraries 
available for usage

Lots of libraries 
available

Lots of libraries 
available 

Library Support

Visual Studio CodePyCharm 
Professional
Visual Studio Code

N/AArduino IDE 
Espressif IDE

Development 
Environments

C

• IDE Support
• Lots of 

resources 
online

• Lots of 
library 
support

• Familiarity 
with the 
language



ESP32 Development Environment

Espressif IDE (ESP-IDF)Arduino IDE

Extensive Documentation on its 
subsystems, configuration file, 
and API

Extensive Library and Community 
Support

Steep learning Curve – more 
complex to use

Beginner Friendly – easy user 
interface and little configuration  
required

Easy Scalability and continuously 
software updates, ensures 
compatibility with future ESP32 
MCU

Fast compiling time – helpful for 
developing and prototyping the 
code

Arduino IDE

• Extensive 
community 
support – ease the 
learning curve for 
coding the 
necessary 
programs

• Beginner Friendly
• Fast Compiling 

Time – helps with 
the time constraint 
of prototyping the 
code



Software Design – Overview



Software Design – LabVIEW: GUI



Software Design – LabVIEW: Case 
Structure



Software Design – LabVIEW: Arrays

• Reverse Arrays are created by utilizing the "Reverse 1D Array" 
function

• Arrays are combined by utilizing the "Build Array" function 
with "Concatenate Inputs" selected



Software Design – LabVIEW: Motor 
Movement

• Switching Movement

• First Degree Movement and 
Reverse Movement is the 
same expect for the Stop 
Button functionality

• Hold Movement



Software Design – ESP32: 
Overall



Software Design – ESP32: Light Task



Software Design – ESP32: ADC Task



Software Design – ESP32: SPI 
Communications Task



Software Design - MATLAB

Normalized Power Response with an emission spectrum 
fitting corresponding to the FWHM of our LED.

The polarization states achieved by 
our setup with the broadband source



Software Design – LTSpice
Simulation



Software Design – LTSpice
Simulation

Input Current = 0.1 mA Input Current = 9 mA



PCB Schematic – 3.3 V Regulator



PCB Layout – 3.3 V Regulator



PCB Schematic – TIA Board: TIA



PCB Schematic – TIA Board: 
Gain / Unity Buffer



PCB Schematic – TIA Board: 
Low Pass Filter



PCB Schematic – TIA Board: 
Headers



PCB Layout – TIA 
Board



PCB Schematic – Main Board: 
USB to UART



PCB Schematic – Main Board: DAC



PCB Schematic – Main Board: ESP32 S3



PCB Schematic – Main Board: 
Buttons



PCB Schematic – Main Board: 
Headers



PCB Layout – Main 
Board



PCB Layout – Main 
Board

Buttons
DAC

USB to UART

TIA Board
3.3 V 
Regulator 
Board



Prototype Testing – Voltage 
Regulator



Prototype Testing – Voltage Regulator

Data ResultData Type Collected

12 VInput Voltage

13 mAInput Current

3.3114 VOutput Voltage

17.215 mAOutput Current

36.40%Efficiency

Data ResultData Type Collected

12 VInput Voltage

23 mAInput Current

3.3012 VOutput Voltage

17.133 mACurrent through LED

31 mACurrent through Load

48.133 mAOutput Current

57.57%Efficiency

With LED Load

With Additional Load and LED Load



Prototype Testing – Motor Control 
System



Prototype Testing – Motor Control 
System

Motor

Power Meter Oscilloscope



Prototype Testing – Motor Control 
System

Switching Time:
1.43 ms



Prototype Testing – Light Source 
Control System

Turn Off LED Turn On LED

• Blue LED = DAQ 
Card Output

• Yellow LED = ESP32 
S3 Enable Output

• Red LED = Status 
LED



Problem and Proposed Solution

 Integration of the crystal with the motor

 With mirror disconnected from the motor, the motor makes a 
strange sound

 Solutions: Set Point Generator or add more weight to the crystal 
mount



Budget

With a primary system budget of 7000, and some extra 
costs for testing components to be able to 
characterize our system our total cost was 10,130.55



Work Distribution
While this distribution shows a 
breakdown of responsibilities, a lot of 
them have overlap and multiple 
people work together on each other's 
responsibilities when we hit a road 
block or we want to find a better way 
than our first instinct.



Progress and Plan for Completion

 Integration of crystal to be held on the motor

 Prototyping of ESP32 S3 code

 Improving LabVIEW motor control code for a faster switching time

 First full system test by the end of February



Thanks for Watching

 Thank you to ASML for sponsoring the project and supporting us a 
long the way

 Thank you to Dr's. Weeks, Chan and Kar for their help and guidance 
during this process

 This was made possible because of viewers like you.


