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Lens in, Datasheet out.
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M O T I V A T I O N  &  B A C K G R O U N D



S A M P L E  D A T A S H E E T S

Industry (Thorlabs) Ours



G O A L S  &  O B J E C T I V E S

Goals Objectives

Basic

• Measure focal length
• Measure transmissive and reflective 

spectra
• Measure geometry

• WLS built
• WLS collimated
• Single monochromator
• IAS records an image

Advanced

• Data output in plain text format
• Data output recoverable via flash drive

• Calculate optical values based on 
measured geometry

Stretch

• System graphical touch interface
• Data output in a PDF
• Data output recoverable via QR code
• Lens product number estimation

• Lens product catalog lookup 
algorithm



H A R D W A R E  D E S I G N  /  O V E R V I E W

Show the overall block diagram



O P T I C A L  D E S I G N  O V E R V I E W



O P T I C A L  D E S I G N  O V E R V I E W



W L S  O V E R V I E W / S P E C

Capture and project as much 400 to 

700nm light as possible in a 10mm 

diameter collimated beam



W L S  C O M P A R I S O N  &  S E L E C T I O N

Reflector Material Collimation Architecture

• Source + Relay

• Mirror + Source + Relay

• Mirror + Source + Asphere + Relay

• Small vs. Large Reflector

Source



S O U R C E  +  R E L A Y

-4% -4% -4%

For a lens system of NA = .35 expected loss is about 76% minimum



M I R R O R  +  S O U R C E  +  R E L A Y

-66% -60% -32% -20%



M I R R O R  +  S O U R C E  +  A S P H E R E  +  R E L A Y

~90% Collection 
/ Collimation



S M A L L  V S .  L A R G E  R E F L E C T O R

Small Reflector = Very Small Focal Length = More Divergence

Large Reflector = Larger Focal Length = Less Divergence

Output beam size = exit aperture size Bigger output = more compression 
needed = more loss



T H E  H O R R O R S  O F  E N T R O P Y



T H E  H O P E  I N  T H E  D A R K N E S S



W L S  D E S I G N  M A T R I X

Architecture Efficiency Collimation Complexity Score

Source + Relay LOW (+1) HIGH (+3) LOW (-1) +3

Mirror + Source + Relay MID (+2) MID (+2) MID (-2) +2

Mirror + Source + Asphere 
+ Relay HIGH (+3) HIGH (+3) HIGH (-3) +3

Large Reflector HIGH (+3) HIGH (+3) HIGH (-3) +3

Small Reflector LOW (+1) LOW (+1) LOW (-1) +1



B L E N D E R  S I M

WLS as of Feb 13th

WLS Testing



M O N O C H R O M A T O R  C O M P A R I S O N  
&  S E L E C T I O N

~ 3.5 nm FWHM

Peak wavelength of 671 nm 
with a linewidth of 3.5 nm



MO N O CH R O MA T O R  D E S IG N



M O N O C H R O M A T O R  T E S T I N G



P H O T O D I O D E  T E S T I N G



D A T A S H E E T  G E N E R A T I O N







I A S  D E S I G N



IAS LINEAR GANTRY



I A S  C O M P A R I S O N  &  S E L E C T I O N



P C B  D E S I G N  V E R I F I C A T I O N  S T R A T E G Y
Talk about gonig from 
adafruit like modules 
for verification to 
breadbboarding to 
building those modules 
and re breadboarding

Find Pre-Built Modules 
that Accomplish Given 

Project Objective

Breadboard these Pre-
Built Modules to Verify 

System

Design PCBs to 
Replace Pre-Built 

Modules in System

Breadboard New 
Modules to Verify New 

PCB Integrity



P C B  D E S I G N  M A I N  O B J E C T I V E

Talk about primary 
objective of project is to 
provide stepper motors 
interfacable with 
software that allow for X 
axis movement and 
rotational movement 
around the z-axis

X-Axis Z-Axis



B L O C K  D I A G R A M  F O R  A C H I E V I N G  
O B J E C T I V E

Just explain the block 
diagram really tbh



F I N D I N G  P R E - B U I L T  M O D U L E S  T O  V E R I F Y  
S Y S T E M

Cheap Stepper Driver
From Amazon

Cheap Microcontroller
from Amazon

Cheap DC-DC Convertor
from Amazon

Explain the quick 
arrangement of a demo 
Circuit with amazon 
parts



H A R D W A R E  S E L E C T I O N
F I N D I N G  I C S  T O  M A K E  B E T T E R  
H A R D W A R E

a4988 Stepper Driver IC
By Allegro MicroSystems

STM8S003F3P6TR
By STMicroelectronics

TPS62932DRLR
By Texas Instruments

Explain the selection of 
ICs to make better 
versions of the amazon 
parts

Stepper Driver MCU Switching Regulator



W H Y  U S E  T H A T  S T E P P E R  D R I V E R ?
Explain the selection of 
ICs to make better 
versions of the amazon 
parts

• Simple STEP/DIR interface (no SPI, UART, or 
firmware configuration required)

• Very low cost compared to newer drivers 
(DRV8825, TMC2209, etc.)

• Massive ecosystem and proven reliability 
from years of 3D-printer/CNC use

• Easy hardware integration
• Microstepping set with pins, not registers
• Built-in current limiting and chopper control 

(no external current regulation needed)
• Existing Adafruit module makes PCB layout 

easier

PCB Layout



W H Y  U S E  T H A T  M C U ?
Explain the selection of 
ICs to make better 
versions of the amazon 
parts

• Incredibly low price of only $0.40 per MCU
• Strong price-to-peripheral ratio. It gives 

us GPIO, timers, ADC, UART, SPI, I²C, 
watchdogs, etc. without paying for high-end 
features we don't need.

• Lower firmware complexity than larger MCUs 
like Arduino and ESP32. With fewer 
abstraction layers, it becomes easier to write 
low-level code

PCB Layout



W H Y  U S E  T H A T  S W I T C H I N G  R E G U L A T O R ?
Explain the selection of 
ICs to make better 
versions of the amazon 
parts

• Ultra-low quiescent current (~12 µA)
• Wide input range (3.8 V–30 V) allows use to 

use 12-24V to power our project
• Spread-spectrum EMI reduction built-in 

which lowers noise emissions compared to 
legacy regulators

• High duty-cycle capability (~98%)
• Peak current-mode control with fast transient 

response, necessary when steppers cause 
current spikes

PCB Layout



V E R I F I C A T I O N
Explain the selection of 
ICs to make better 
versions of the amazon 
parts

• Switching regulator PCB has been 
manufactured but still needs to be 
assembled

• All other PCBs have been verified to work in 
demo

• All that’s left is integration and programming



W H A T ' S  N E X T ?
Just need to build a 
PCB to plop all the 
modules together

• The modules will be soldered together 
permanently.

• This will integrate the components in a way 
that satisfies the SD2 requirements.



H O W  A R E  T H E Y M A D E ?



L A Y I N G  T H E  F R O N T  S T E N C I L



P L A C I N G  C O M P O N E N T S



H O T  P L A T E  T I M E !



Q U A L I T Y  A S S U R A N C E  T E S T I N G



L A Y I N G  T H E  B A C K  S T E N C I L



C O M P O N E N T  P L A C E M E N T  A N D  S O L D E R I N G . . .
W I T H  A  T W I S T



P I N  H E A D E R  S O L D E R I N G



T H E  F I N I S H E D  P R O D U C T



ALM 
Software

STM8 
Programming

Raspberry Pi 
Automation

CSV Data 
Visualization

S O F T W A R E  R E Q U I R E D
In this slide explain the 
three main uses of 
Software needed in this 
project.



S O F T W A R E  B L O C K  D I A G R A M

User begins 
program

Pi controls 
STM8s via i2C

STM8 peripherals 
(Sensors, Stepper 

Driver, etc.)

Pi receives 
STM8s data

CSV GenerationData 
Visualization Final Datasheet 



S I N G L E  P A S S  M E A S U R E M E N T  F L O W



G A N T R Y  S P E C I F I C A T I O N S



L E N S  H O L D E R  S P E C I F I C A T I O N S



S P E C T R A L  S P E C I F I C A T I O N S



L E N S  T E S T E D



I D E  O P T I O N S  F O R  T H E  S T M 8

IDE / Toolchain Compiler Support Debugging Support
Ease of 
Setup Cost Pros Cons

ST Visual Develop 
(STVD)

Cosmic C, Raisonance, 
SDCC

Full ST-LINK hardware 
debugging

Moderate Free (IDE) Native STM8 support, strong debugger 
integration, stable, professional workflow

Requires external 
compiler install

IAR Embedded 
Workbench

IAR C Compiler Excellent debugging Easy Expensive (license 
required)

Very optimized compiler, professional 
toolchain

High cost, limited free 
version

PlatformIO (VS 
Code) SDCC

Limited STM8 debug 
support Moderate Free Modern UI, cross-platform

STM8 support is not 
mature

Eclipse CDT + SDCC SDCC Manual configuration Difficult Free Highly customizable Complex setup, not 
STM8-specific

Raisonance Ride Raisonance C Yes Moderate
Limited free 
version Good integration License restrictions

This slide here explain 
how all options were 
explored and why ST 
Visual Develop was the 
better option

ST Visual Develop was the 
better option because it 
contains native STM8 
support, it was free and 
compatible with the ST-
Link hardware debug 
functionality.



S I N G L E  B O A R D  C O M P U T E R  S E L E C T I O N

• Raspberry Pi 5 has built in Wi-Fi, more memory, and a faster CPU.

• Raspberry Pi 5 CPU is favored for general-purpose computing, 

while the Jetson Nano CPU is favored for embedded AI projects.



R A S P B E R R Y  P I  P E R I P H E R A L S



S T M 8  P E R I P H E R A L S



I 2 C  D A T A  P A C K E T  F O R M A T
For programming the 
stm8 mcus, we plan on 
programming them via 
swim. The ST-Link V2 was 
the best option we went 
with. While there are 
cheap clones that can 
program the stm8, they 
are susceptible to bricking 
suddenly. The software we 
used to program to the 
stm8 is the ST Visual 
Programmer. While there 
are other softwares that 
can upload to the stm8, 
this one is natively 
compatible with the ST-
Link V2, 

• I2C chosen over UART because 
UART ultimately failed during tests.

• Inside each data packet sent 
contains information on the task the 
stm8 needs to perform, or data being 
sent back to the pi.

• All stm8s share the same i2c bus, 
each stm8 has it's own unique 
address.



U S E R  I NT ER F A CE



D E V  M O D E



C S V  G E N E R A T I O N

• Sensor data coming from stm8 will 
be inputted and categorized into csv 
via a python script

• The C spot, D spot, and F spot will 
also be calculated and inputted into 
the csv.

• This csv will then be inputted into 
LaTeX to start the datasheet process.



E L E C T R O N I C  C A S E
• The case will act as an enclosure for all the 

PCBs.
• Wire clamps make sure wires are not 

suddenly yanked from PCBs.
• Cooling fan helps regulate temperature for 

all the electronics.



F U T U R E  P L A N S

• Have an app that the Pi sends the datasheet to

• Improve accounts of grating and photodiode efficiency on data
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A D M I N I S T R A T I V E  C O N T E N T

Hardware Optics Electronics Total

Budget Total $350 $350 $2,500 $3,200

Budget Spent $106.97 $288.38 $1,934.12 $2,329.47



O U R  N E X T  S T E P S
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