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Optimax Overview

Inc.
90

Inc 5000 Top Growing Business

Democrat

fic lonice Founded 1991
i Ontario NY
65,000 ft2 facility
300+ employees
ISO 9001:Certified
ITAR compliant
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Optimax Systems, Inc. — Custom Precision Optics

Committed to Small Volume, High Quality, Quick Delivery

QorTiMAX

Markets:

* Semiconductor

* Aerospace and Defense
e Commercial

e Medical

Materials

Glass Materials
Ceramics
Crystals

Fused Silica
Low Expansion

Shapes

Spheres
Aspheres
Cylinders
Domes
Flats
Prisms

Conformal &
Freeform
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Optimax in Space

Pluto New Horizons Spirit &
Jupiter Flyby - New Horizons C u ri O S ity

2005 Rovers - Spirit & Opportunity
2011 Rover - Curiosity
Mars 2020 Rover

OSIRIS-RELunarReconnaissance Orbiter ° PI uto N eW
Horizons

Global Warming 0CO

International Space Station . _
P Supporting Missions. . .

Mercury Messenger : - : Ny E

CopPTivax - . N PR

Aspheres | Cylinders | Prisms | Spheres | optimaxsi.com Polar Orbiting Searching for Earth Like Planets

SBIR Data Rights Apply



Optimax’s research efforts span a number of

different topic

dreas
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Innovative optical
manufacturing methods
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Monolithic Telescopes: Inspiration

Size Reduction = CubeSats

Traditional Offner with all Spherical
mirers A\ Offner with all Freeform

mirrors

270mm

* Freeform design allows performance in smaller volume
* Monolithic design would allow mechanical stability
e NASASBIR Phase 1 & 2 allowed us to explore the

manufacturability of freeform monoliths
QorTiMAX
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Design evolution of monolithic telescopes

June 2015 — Dec 2015
Contract Number:
NNX15CG20P

4 Phase 1: A

Two freeform
surface reflective
monolith

- J
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April 2016 — July 2018
Contract Number:
NNX16CG18C
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freeform surface monol
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Phase 2(b):
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NASA Phase 1 SBIR : 2-freeform monolith

* This provides an extremely rugged optomechanical design
* Surface 2,3 freeforms with ~ 100 um departure from sphere
* Efl : 183 mm f#/3.4. Made of high purity fused silica
* Fitsin a 1U, 4 inch CubeSat volume
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Freeform manufacturing: Optical fiducials

Line fiducial
Plane
fiducial

Point
fiducial

There must be some reference that defines the location of the freeform
surface

Must define 6 DOF

Fiducial surfaces could act as alignment features

QorPTIMAX
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Standard freeform optical manufacturing process
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Finished Phase 1 monoliths

OPTIMAX f

Three monolith were produced

Freeform surfaces were coated in-house with protected
aluminum

Final weight 1.3 kg
QorPTiIMAX
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Phase 1 monolith system testing

SN2 Measured TWE error SN2 Fit TWE error

vy

60 mm by 70 mm - <6
SN3 Measured TWE error SN3 Fit TWE error

Spot size measurements and transmitted wavefronts were collected on SNO1
and SNO3 monoliths.

SNO3 had noticeable astigmatism error.

~ Lots of mid-spatial frequencies errors
QoPTIMAX
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NASA SBIR Phase 2 - “High-resolution”

monolith

Surf 5:
Plano Exit Face -\
.

Surf 3:
CX Freeform

Optical Path
(In Blue)
eam_52-53

Surfl; ——
Plano Entrance
Face

Surf 2:
CC Freeform

Surf 4: /

CX Freeform

0B): -4.3650, 1.4310 (deg)  OB): 4.3650, -1.4310 (deg) OB): -4.3650, -1.4310 (deg)  OBJ: 0.0000, 1.0017 (deg)
d @. .@ @
IMA: -16.727, -4.983 mm INA: 16.740, -14.048 =n IMA: -16.740, -14.048 == INA: 0.000, -6.196 s
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Wide field of view:
+4.3°inY
+1.4°in X

Simulations show
diffraction-limited
nominal performance

Analysis shows high
sensitivity to mid-spatial
frequency errors (MSF)
<10nm
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High resolution monolith final status

* Final weight 4.6 kg

Freeform surface 1 Freeform surface 2 Freeform surface 3
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Lightweight, LW, or “open jaw” Monolith

* 183 mm effective
focal length at f/3.4

QorPTIMAX

Lightweight design is based on the same
freeform surface prescription as Phase 1

The telescope light-weighted with a “clam-
shell” or “open jaw” design.
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Manufacturing challenges for light-weight

monolith

 The geometry of the part provides very little clearance
for the polishing tool to access the part
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Final lightweight monolith shaped and coated

Surface 1

Surface 2

50 um

e Coated in-house with protected

aluminum ol
* P-Verrorof 1.5to 2.5 um, with !
rms of 0.2 um 30
* Final weight 421 grams 40

50
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Monoliths open up new possibilities

* Freeforms will be essential for
future NASA needs (LUVOIR,
off-axis imaging with no
central obstruction)

* Monoliths have the ability to
reduce assembly needs for
telescope systems

* Solid glass monoliths easier to
manufacture but are heavy

* Light —weight monoliths have
potential but have
manufacturing challenges due
to geometry

QorTiMAX



Manufacturing of a Multi- Surface Freeform Telescope

Contact information:
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