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225.4 x 122.0 mm EFL Negative Meniscus Lens

SAMPLE DATASHEETS

Lens Shape Negative Meniscus

@9.0 mm N-BK7 Bi-Convex Lenses (Uncoated) Diameter (mm) 254

Center Thickness (mm) 11.0
Reference K 11.0 mm
Drawing Edge Thickness (mm) 12.1

R+150.0 mm
Diameter Focal Length? Diopter® Radius of Curvature Center Thickness Edge Thickness Back Focal Length?®

Front Radius of Curvature (mm)
LB1494 9.0mm 12.0 mm +83.3 1.7 mm 1.8mm 10.7 mm
Back Radius of Curvature (mm)

LB1212 9.0mm 20.0mm +50.0 200 mm 1.8mm 19.0mm

Suggested Fixed Lens Mount: LMR9 (/M)

~— Spectra

Uncoated N-BK7 (10 mm Thick Sample) :

~

Intensity
Intensity
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Wavelength (nm) Wavelength (nm)
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~ Optical ~— Scan for .CSV File

Ces6.3 Dssos  Fasen

Effective Focal Length (mm) 1220 122.0 1220

Front Focal Length (mm) 1284 128.4 1284
Back Focal Length (mm) 1199 119.9 1199
Power (m~!) 820 820 820

ission

Index of Refraction 131 1.31 131

Abbe Number 1405361760416 891.0

Substrate N-BK7

Transm

Detected Coatings AR Coated

Created by
( Kiva McCracken, Ollie Mueller, Zachary Kassner, and Daniel Gomez.
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GOALS & OBJECTIVES

Basic

Advanced

Stretch

Goals

A Measure focal length

A Measure transmissive and reflective
spectra

A Measure geometry

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

A System graphical touch interface

A Data output in a PDF

A Data output recoverable via QR code
A Lens product number estimation

Objectives

A WLS built

A WLS collimated

A Single monochromator
A IAS records an image
A

Calculate optical values based or
measured geometry

Lens product catalog lookup
algorithm




HARDWARE DESIGN / OVERVIEW

Show the overall block diagram



OPTICAL DESIGN OVERVIEW

White Light
Source
Beam

Collimating

Reflective
Photodiode

Imaging

Plane Acquisition

D Light Prep D Image Capture

D Monochromator D Data Production

(®) patain (X Data Out




OPTICAL DESIGN OVERVIEW

Asphere

Collector Spatial Filters

/N

Xenon Arc
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Output Beam
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Imaging Stage

/ ~ Imaging Screen

Linear Gantry/ J
Deployable
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Reflective Photodiode

Test Lens




WLS OVERVIEW/SPEC

Capture and project as much 400 to
700nm light as possible in a 10mm

diameter collimated beam



WLS COMPARISON & SELECTION

A Source + Relay
A Mirror + Source + Relay
A Mirror + Source + Asphere + Relay

A Small vs. Large Reflector

02 04 06 08 10 12 14 16 18 20
Wavelength (um

Source Reflector Material Collimation Architecture




SOURCE + RELAY

27(1 — cos(sin ' (NA)))
47

Plw(z), z)
Fy

9 o el
=1—e "= —13.5%

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




MIRROR + SOURCE + RELAY

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



MIRROR + SOURCE + ASPHERE + RELAY %

~90% Collection
[ Collimation




SMALL VS. LARGE REFLECTOR

Small Reflector = Very Small Focal Length = More Divergence

Large Reflector = Larger Focal Length = Less Divergence

Output beam size = exit aperture size = =——— rl?(lege%eer dogtr?\lgrg Irggsre compression



THE HORRORS OF ENTROPY

From Wikipedia, the free encyclopedia

Etendue or étendue (/ eiton'du:/) is a property of light in an

optical system, which characterizes how "spread out" the light is

in area and angle. It corresponds to the beam parameter product Q(

(BPP) in Gaussian beam optics. Other names for etendue
include acceptance, throughput, light grasp, light-gathering
power, optical extent,!'! and the AQ product. Throughputand AQ 3 )
product are especially used in radiometry and radiative transfer AQ < A'Q'
where it is related to the view factor (or shape factor). It is a

central concept in nonimaging optics.[2llPage needed][3] Conservation of etendue

[page needed)[4][page needed] The term étendue comes from French,

where it means "extent".




THE HOPE IN THE BARKNESS




WLS DESIGN MATRIX

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

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

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

Large Reflector

HIGH (+3) HIGH (+3) HIGH (-3)







MONOCHROMATOR COMPARISON
& SELECTION

Grati
I&' Peak wavelength of 671 nm

500 nm Blaze Wavelength: 1200 Grooves/mm with a linewidth of 3.5 nm
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MONOCHROMATOR DESIGN




MONOCHROMATOR TESTING



PHOTODIODE TESTING
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DATASHEET GENERATION

@25.4 x 122.0 mm EFL Positive Meniscus Lens

Optical
Geometry
Ceses Desa

225.4 mm . ‘
Effective Focal Length (mm) 1220 122.0
Front Focal Length (mm) 1229 1229

Lens Shape Positive Menis
g B Back Focal Length (mm) 1194 1194

Diameter (mm) - Power (m~') 820 820
R—451.3 mm R+150.6 mm

Center Thickness (mm) 5.7 Index of Refraction 193 1.93
K 6.7 mm
Edge Thickness (mm) Abbe Number 1396736048075 399.8

Front Radius of Curvature (mm) 6 Substrate N-BK7

Back Radius of Curvature (mm) g Detected Coatings /} ~ Scan for CSV File -

=

|

D254« 100swn EFL Dowdde Conves Loss

Transmussion Reflecton

Relative Normalized Intomity
Relative Normalized Intemity

5% > &0
Waveiength (am) Wavclength (nm)




Spot Size v. Distance

100

150 200 250
Distance (mm)

300

Front Radius
of Curvature

'

Center Thickness

350 400

——ep  Focal Length

Front Sagitta ~
Back Sagitta /

Pin Distance

L_J

Edge Thickness

Front Thickness \

Back Thickness /

Front Radius of Curvature

—p  Diameter

/ /Back Radius of Curvature

Radius of Curvature =

Sagitta® + % (Pin S(‘,paration)2

2 - Sagitta

‘Center Thickness = Front Thickness + Back Thickness

Ce

|

nter Thickness

Index of Refraction (n)

2(fRy — Ry + fd)

 fRy— fRi+2fd+ RiRy £ /PR + [2R — 2f?Ra Ry + 2f R — 2/ K2R, + Af R Rod + RO}

[#0

1 ) . . Jif R>0, Center Thickness — Sagitta :
Power = Focal Length Edge Thickness = if R <0, Center Thickness + Sagitta / front/back W
Riront >0 Rpont <0 Rpack >0 Rpack <0 > ooy, (front/back)  deenter 2 dedge Lens Type Abbe Number ([/) _
1 0 1 0 0 Double Convex .. nE-—ne
o | 0 | o Double Concave np Sodium Yellow 589.3nm
1 0 0 0 Riack > 00 Plano Convex np Hydrogen Blue 486.1nm
0 0 1 0 Riot > o0 B Plano Conves ne  Hydrogen Red 656.3nm
0 1 0 0 Rpack = o0t - Plano Concave
0 0 0 1 Riront > 00¢h Plano Concave
1 0 0 1 0 deenter > dedge | Positive Meniscus
0 1 1 0 0 deenter > dedge | Positive Meniscus
1 0 0 1 0 deenter < dedge | Negative Meniscus
0 1 1 0 0 deenter < dedge | Negative Meniscus

1 FrontSagitta BackSagitta Front Thickness Back Thickness Diameter Distance D Spot FSpot Cspot Wavelength  Transmission  Reflection  Calibra y
203 01 0.006 0005 00254 001 000918032786685246  0.00826220508196721  0.00734426220508197 350 21541 21541 10 ¢ 5
3 0.02 0.00836065 0.00752459016392443 0.00668852459016394 35 22217 22217 30 !
4 0.03 0.00754098360655738 0.00678688524590164 0.0060327868852459 352 23389 23389 50 S»‘E J
5 0.04 0.00672131147540984 0.00604918032786885 0.00537704918032787 353 2491.8 2491.8 70 ‘ *
6 005 00050016303442623  0.00531147540083607  0.00472131147540084 354 26371 %0
7 006 000508196721311475  0.00457377040180328  0.0040655737704918 355 110
8 0.07 0.00426229508196721 0.0038360655 7049 0.003409836065 7 356 27316 27316 130
9 0.08 0.00344262295081967 0.00309836065 0.00275409836065574 357 2665.5 2665.5 150
10 0.09 000262295081967213  0.00236065573770492  0.00203836065573 358 2570.9 170
1 ol 000180327868852450  0.00162203081967213  0.00144262205081067 359 2506.2 25062 190
12 on 0.000983606557277040  0.000885245901639344  0.000786885245901639 360 24208 24908 210
13 012 0.000163934426220508  0.0001475340083606557  0.0001311475400836 361 2526.9 230
14 013 0.000655737704918033  0.0005901639344. 0.000524590163934426 = 362 2631.8 2631.8 250
014 0.00147540883606557  0.00132786885245002  0.007118032786865246 363 27783 270
015 000220508196721311  0.0020655737704918  0.00183606357377040 364 20003 20003 290
1 0.16 0.00311475400826066 0.00280327868852459 0.00249180327868853 365 20967 2067 310
138 017 0.0039344262295082 0.00354098360655738 0.00314754098360656 366 2040.8 2040.8 330
0.18 0.00475409836065574 0.00427868852459016 0.00380327868852459 367 2872.3 28723 350
28 019 000557377049180328  0.00501630344262205  0.00445001630344262 368 26125 28125 370
Diameter (m)  Center Thickness (m)  Edge Langth (m) Front Radius of Curvature (m) ~ Back Radius of Curvature (m)  Lens Shape Effective Focal Length (m)  Front Focal Length (m) ~ Back Focal Length (m)  Power (1/m) F-Stop

20

0.0254

0.0254

0.0254

0.0254

0.0254

00254

0.0254

0.0254

0.0254

0.0254

0.0254

0.0254

0.0254

0.0254

00254

0.0254

0.0254

0.0254

0.0254

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0011

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111324474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111324474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.012097111524474059

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

0.15004166666666666

-0.03012500000000001

-0.03012500000000001

-0.03012500000000001

-0.05012500000000001

-0.05012500000000001

-0.05012500000000001

-0.05012500000000001

-0.05012500000000001

-0.03012500000000001

-0.03012500000000001

-0.03012500000000001

-0.03012500000000001

-0.05012500000000001

-0.05012500000000001

-0.05012500000000001

-0.05012500000000001

-0.05012500000000001

-0.03012500000000001

-0.05012500000000001

Negative Meniscus = 0.12199999999999989

Negative Meniscus = 0.12199999999999989
Negative Meniscus = 0.12199999999999989
Negative Meniscus | 0.12199999999999989
Negative Meniscus | 0,12199999909090089
Negative Meniscus | 0.12199999909090989
Negative Meniscus | 0.12199939993999983
Negative Meniscus | 0.12199939993999983
Negative Meniscus = 0.12199999999999989
Negative Meniscus = 0.12199999999999989
Negative Meniscus = 0.12199999999999989
Negative Meniscus = 0.12199999999999989
Negative Meniscus | 0.12199999999999989
Negative Meniscus | 0,12199999909090089
Negative Meniscus | 0.12199999909090989
Negative Meniscus | 0.12199939993999983
Negative Meniscus | 0.12199939993999983
Negative Meniscus = 0.12199999999999989

Negative Meniscus = 0.12199999999999989

0.1283867'

9026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.12836759026971492

0.11987275448640167  8.196721311475418  4.803149606299208"
0.11087275448640167  8.196721311475418  4.802149606299208:
0.11087275448640167  8.196721311475418  4.802149606299208:
0.11987275448640167 4.8031496062992(
0.11987275448640167 4.8031496062992(
0.11987275448640167 4.803149606299208:
0.11987275448640167  8.196721311475418  4.803149606299208
0.11987275448640167  8.196721311475418  4.803149606299208
0.11987275448640167  8.196721311475418  4.803149606299208"
0.11987275448640167  8.196721311475418  4.803149606299208"
0.11087275448640167  8.196721311475418  4.80214960629920.
0.11087275448640167  8.196721311475418  4.802149606299208:
0.11987275448640167  8.196721211473418  4.803149606299208
0.11987275448640167  8.196721311475418  4.80314960629920
0.11987275448640167  8.196721311473418  4.80314960629920
0.11987275448640167  8.196721311475418  4.803149606299208
0.11987275448640167  8.196721311475418  4.803149606299208
0.11987275448640167  8.196721311475418  4.803149606299208"
0.11087275448640167  8.196721311475418  4.80314960629921




Code Editor
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Visual Editor

@ main.tex
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57 » “begin{tikzpicture}
58 “node [mybox] (box){%
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# Sample Datasheet Generation

# LaTeX Source

def source(figname):
template = """
\documentclass{article}
‘\usepackage{graphicx}
\begin{document}

Hello, “LaTex!
\begin{figurel}[h!]
\includegraphics[width=8.5\1inewidth]{inputf

\end{figure}
Kend{ﬂ'
# Generate LaTeX sourc the -u“cLLGP

latex_source = snurce““example pdf™)

# Write LaTeX Source to .tex fil
with open("document.tex",
f.write(latex source)

# Compile PDF

subprocess.run(
["pdflatex”, "-interaction=nonstopmode”,
stdout=subprocess.PIPE,
stderr=subprocess.PIPE

"docume

e

# Display PDF

IFrame( "document.pdf”, width=488, height=618)

@25.4 x 122.0 mm EFL

Geamatry
Lens Shape Positive Meniscus
Diameter (mm) 54
R=451.3 mm
Center Thickness [mm) 6.7
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Effective Focal Lengih (mm)

Frant Focal Length {mm) 1229 1229 1229 '.I L
Back Focal Length (mm) 1194 119.4 1194 ‘*. ‘,.-
Pewer (m~'} B20 820 &30 sgee
-.-%
Index of Refraction 103 1.93 153
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|AS DESIGN

Spot Size v. Distance transmission

photodiode
(to PCB)

screen
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|IAS COMPARISON & SELECTION

mera Module mera Module
Wide

Sensor resolution

Pixel size ldpmx 14 pm | 14 pm x 1.4 pm | 1.55 pm x

pm
Sensor image | 6.45 x 3.63mm 6.45 x 3.63mm 6.287Tmm x 4.712 | 6.287mm x 4.712
area mm mm

Focal length 4.74 mm 2.75 mmm Depends on lens | 4.74 mm
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PCB DESIGN VERIFICATION STRATEGY ‘




PCB DESIGN MAIN OBJECTIVE
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Yo
BLOCK DIAGRAM FOR ACHIEVING aly ey
4

OBJECTIVE :

PCB
12V Barrel 12-5V
Jack Switcher
12V Copper Pad

12V Connector 12V Connector

12-5V Stepper 12-5V Stepper

Switcher Motor Switcher tor
MCU & MCU &

2 2 2

Driver

Raspberry Pi




FINDING PRE-BUILT MODULES TO VERIFY
SYSTEM

Cheap Stepper Driver Cheap Microcontroller Cheap DGDC Convertor
From Amazon from Amazon from Amazon



HARDWARE SELECTION
FINDING ICS TO MAKE BETTER
HARDWARE

Stepper Driver MCU Switching Regulator

<

a4988 Stepper Driver IC STM8S003F3P6TR TPS62932DRLR
By AllegroMicroSystems By STMicroelectronics By Texas Instruments



WHY USE THAT STEPPER DRIVER?

- SV 3v3sTP DR

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

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

A Massive ecosystem and proven reliability
from years of 3Dprinter/CNC use

A Easy hardware integration

A Microstepping set with pins, not registers

A Built-in current limiting and chopper control
(no external current regulation needed)

A Existing Adafruit module makes PCB layout
easier



WHY USE THAT MCU?

~ 3V3PR4 SV . -

-

5V,

A Incredibly low price of only $0.40 per MCU

A Strong priceto-peripheral ratio. It gives
us GPIO, timers, ADC, UART, SPI, I12C,
watchdogs, etc. without paying for higiend
features we don't need.

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

0000000000




WHY USE THAT SWITCHING REGULATOR?

PCB Layout

A Ultra-low quiescent current (~12 pA)

A Wide input range (3.8 %30 V) allows use to
use 12-24V to power our project

A Spreadspectrum EMI reduction builtin
which lowers noise emissions compared to
legacy regulators

A High duty-cycle capability (~98%)

A Peak currentmode control with fast transient
response, necessary when steppers cause
current spikes




VERIFICATION

A Switching regulator PCB has been
manufactured but still needs to be
assembled
A All other PCBs have been verified to work in
demo
A"zz ®r"®i« zkp® s« s| ®qg2"®s ~ |




WHAT'S NEXT?

Final Integration of Modules
|:| Power Component

Booter USB
- External |:| Connector/Interactable
Crystal . On Board Component

|:| Electromechanical
Stepper

MCU
-
| stepper Motor |« SEVERTREVERIE vl

(a4988 PCB)

elal General Pinouts
Debug e
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HOW ARE THEY MADE?



LAYING THE FRONT STENCIL
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PLACING COMPONENTS

5] prpLiiShiiim
roa 20 eo

S SV RSV .
e il @

PD6

oNDl =, ls) sv
5V PD2 éf | @ 3ve
]3vs SWM| = "2 |5 |pps
® | PDa
T
®|Rx
Pca| s ' | ®|rsT
RST% PC3| @ —_—" |®

PB4| %

PB5

\

PD3 PC7
PD4Y _ Pcs

™ ; p
| STMBSOC sl

|
&R »

228
124

]




HOT PLATE TIME!




