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SETUP FABRICATIONPROTOTYPING

Cast it

Pack it
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G. G. Odian, Principles of polymerization, 4th Edition, 
Wiley Interscience, Hoboken, N.J, 2004

Single Hemispherical 
Source Collimation 

COTS Parallel 
UV Light Source

Plano Lens Array on
Hemispherical Array

 

Aspheric Lense

ASML Tin-Droplet EUV

Flat LenseMicro Lens Array

Thermoelectrically
CoupledActive Heat SinkHeat Sink

Regulated SupplyDC Power SupplyCurrent PWM

COTS Power
 Supply Unit 

Pulse Width 
Modulation

Custom Open Frame
Integrated

(Slice from stock extrusion)

(COTS) (Nitride Semiconductor, COTS) (License IP Block) (Production VLSI Fab)
Multi-Wafer Scale Integrated 

Demonstrated

(Pattern, Drill, Cut, Assemble) (CCL Rotary Die Conversion) (Screenprint Multilayer PCB) (Semiconductor Process)

(Print Plumbing, Bend Enclosure) (Thermocouple TEGS) (PDMS NIL,  Wafer Bond)

Chip-Integral Fluidic 
Thermal Transport

Integrated Optoelectronics

Non-Linear BBO Crystal

Switchable SHG
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Photospatiotemporal Arrangement Tactics

 Optical Collimation Paradigms
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Thermal Management Paradigms

Electrical Routing Paradigms
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Operating Principles: Quantum Light-Matter Interactions Devices

Devices

Devices

Devices

Devices

Operating Principles: Quantum Electrodynamics

Operating Principles: Photonics

Operating Principles: Statistical Mechanics & Thermodynamics 

Operating Principles: Basic Electrical Theory

Aspheric Lense

Dichoic CombinerDirect Exposure 2/3-Axis CNC Galvo
Wavelength-Incidenceθ 

Coupled (1-to-1)

Large Area 
Stepper DLP 

Multicomponent 
Photolithographic 

Polymerization

300mmØ

212mmØ

Light Pipes

Light Pipes + MEMS

on

Servo Galvomirrors MEMS DMD Phased Array Optics

Power Management 
Integrated Circuits

ArcticSilver 
thermal
compound (3.5g)

VSCEL Array
Large Area

Wafer Mosaic
Massively Parallel
UV LED on Chip

UV LED SMD 
Package Component

UV LED
High Power Array

VCSEL
Self Mixing Theory

Franck-Codon

 Diode Integration Paradigms

http://www.semiconductor-today.com/news_items/2017/mar/michigan_310317.shtml

(Various Substrates Demonstrated)(Discrete RGB Peaks by Pillar Strain)(COTS)

Deep UV 
Nanowire LED

InGaN on GaN
Nanopillar LEDsUV LEDs

[Kunook Chung et al, Appl. Phys. Lett., vol110, p111103, 2017]

Thermal 
Jumpers

Design for
Integrated
Wide Area
Electrical

&
Thermal
Routing

with
Enthalpic
Recovery

Short Arc Mercury Lamp

https://www.iqep.com/
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Through Hole Mount
Wafer-Bonded 
Bus Layer (TSV) Copper-Clad Perfboard PCB SMDTrace

PCB Power Bus Circuit

LED OperationElectronic Theory 
of Bands

Polarization Matching

Snell’s Law Negative Refraction Metamaterial

Elementary 
Photochemistry

Photoadsorption

Convert!

Nonequilibirum 
Photophysics Optical Phasing

Photopolymerization

Conformal Pumped 
Cooling Manifold Chip-on-TEC Electrocaloric Cooling

Wafer-Integrated 
Micro"uidic Cooling

Wafer-Bonded Bus Layer (TSV) 

Thermal Conduction2nd & Fourier’s Law 2 Views
Monte Carlo Boltzmann 

Transport Equation

https://www.intechopen.com/books/advanced-thermoelectric-materials-for-energy-harvesting-applications/thermoelectric-control-of-deep-uv-led-to-improve-optical-performance

+
Fredes, Pablo & Ra#, Ulrich & Gramsch, Ernesto. (2020). 

Intelligent Heat Extraction with Thermoelectric Cooler for UV-C LEDs. 

Frequency
Domain

Time
Domain

Phase
Domain

Space
Domain

Finite-di#erence
time-domain

Finite-di#erence
frequency-domain
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 Competitve Landscape
DLP Paradigms

SLA
Printer
OEMs:

Zrapid

RaplasCarbon

Asiga

Formlabs Femtika Nanofabrica Upnano Microlight Essentium Multiphoton Atum3D EOS Heidelberg Flashforge G3D RooBee Sharebot Materialise

Materialisevv

{Open Source} {Consultancy}

Photocentric Zortax Nexa W2P SprintRay Sisma Rapidshape Origin NewPro MiiCraft Genera Envisiontec Coobx Nanoscribe

Shenzhenkings Uniz Prismlab Phrozen LuxCreo 3DSystems XYZPrinting UnionTech Prodways Triditive Stratasys Carima Sindoh RPS BMF

Footprint

Build Area

Build Height

Throughput

Resolution

Cost

IP

Edge (if any)
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*Destructible radial 
3D printing for 
temporary structural 
reenforcement using 
polymer-!ber infused 
aggregate and on-site 
distilled Bentonite 
slurry to make a quick 
curing cement print 
resin
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* Leveraging 
technology developed 
for the natural 
resource extraction 
industry. "e forward 
bore will provide 
quantitative earth-
mass analysis of 
imminent geological 
formalities and 
enable holistic boring 
equipment prep

*"e forward-most 
boring operations 
will take place fully in 
a pressurized liquid 
environment that will 
serve as cooling and 
most importantly the 
supporting structure 
to prevent tunnel 
collapse. Humans 
out of danger area is 
priority.

*Boring operations 
of today are inhibited 
by the stop-go model 
that is indicative of the 
need for tooling to be 
routinely replaced by 
human technicians. 
An automated bit and 
tooling swap will allow 
for continuous 24/7 
drilling.

*Hubless 
independently tracked 
units will be designed 
parametrically to allow 
development of scaled 
tunnel outer radii to 
dig tunnels of all sizes
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PLANNING SYSTEMATIZATION INSTANTIATION

Spot it
Get it

Model itBrand it
Sketch itShow it

Frame it
Plot it

Map it
Relate it

Tell it

Expand it
Name it

BOM it
Illustrate it

Measure it

Draw it
Click it

Example Capabilities
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