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Advancement of Precision Optics Manufacturing

1990

Spherical lenses

Traditional Agltﬁmateld
Grind & Polish pherica
Methods Processing

Less Dependence
on Artisans
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2000

Aspheres

Rotationally
Symmetric Aspheres

Deterministic
Polishing

Stitching
Interferometry

2010

Optical Integration

Off-axis Aspheres and
Freeforms

Mid-Spatial Frequency
Smoothing

High Precision (A/50)
Rotationally Symmetric
Aspheres

Freeforms

Sub-Wave Freeform
Positioning Error

Machine Learning

Autonomous
Manufacturing
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2030

“Integrated” Freeform
Optical and Mechanical
Assemblies

“‘Smart” Manufacturing

Manufacturing Requirements
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We define freeforms by their lack of symmetry and their

fabrication method

Flat/Plano Spheres Aspheres Freeforms
No curvature Constant radius Varying radius Non-constant curvature
Radial symmetry Radial symmetry Radial symmetry Little to no symmetry

Traditional processing methods CNC processing methods >
Traditional interferometric testing Novel testing methods >
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Why would you use a freeform optical surface? | |

A few examples:
* Reducing size
* Off-axis optical designs
* Beam shaping
* Conformal shapes
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Evolution of VR headsets in next 15 years



Total Error IS Important for freeforms

Total Error = (Surface Irregularity + Surface Texture + Positioning) errors

Actual Shape Shifted Shape

e
/

Nominal Shape Nominal Shape
Surface Irregularity Surface Texture Positioning
Low order surface form errors Surface Roughness and Position relative to global coordinate system

Mid-Spatial Frequency (MSF) Errors
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Multiple instruments required for full spatial frequency

measurement coverage for freeforms

Every method has pros and cons We continuously search for

additional metrology tools capable
of measuring total error to sub-wave
precision on freeforms.

CMM
Contact profilometer

Non-contact profilometer

UA3P
Interferometer

Deflectometer
White Light Interferometer

Power Spectral Density

Spatial Frequency
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Monolithic freeform telescope example
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Application: CubeSat
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Freeforms continue to be the future

Trending towards higher precision and more extreme surfaces

Freeforms are being used to reduce system size, off-axis design, conformal windows and
beam correction

* Freeform designs and manufacturing methods continue to evolve
» Total error (surface form + surface texture + position) is important for freeform system performance

—  Freeforms are subject to complicated alignment errors and MSF errors

Experience leads to breakthroughs
* Collaborations driving toward more extreme surfaces

* Interested in partnering with universities, research institutes and industry to create more
manufacturable low total error freeform systems
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and now for the famous EPIC questions!

What can Optimax do for you?

*  We will partner with you to manufacture custom optical components to
help you achieve your desired system performance.

*  Qur value contribution includes expertise in manufacturing, testing and
coating optics of all forms, including freeforms!

How can you help Optimax?
* New ways to measure freeform surfaces
* Collaboration for better ways to specify and tolerance freeform surfaces

* Partner for new applications for freeform optics
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