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Adaptive Optics and Adaptive 
Secondary Mirrors



Adaptive Optics

• Adaptive Optics (AO) corrects 
for how our atmosphere 
distorts light.

• Effectively takes the 
”twinkle” out of stars

• Involves a mirror that is thin 
enough to be deformed by 
small actuators

• Using the secondary mirror as 
your deformable surface is less 
complex providing higher 
throughput

Figure 1: Example of AO correction 
taken from European Southern 
Observatory site[1]
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Motivation

• ASM projects need large curved face sheets for the deformable 
surface (~2mm thick)

• Project goals: Enable easier/faster fabrication of large 
adaptive optics and spares

• Medium-scale secondary mirrors (NASA Infrared Telescope 
Facility: 244 mm, Automated Planet Finder: 400mm, 
University of Hawaii-2.2m: 620 mm)

• Study scaling/cost for large ASM up to 1500 mm diameter 
mirrors

• Fabricate Keck telescope adaptive secondary 1.4m



Current Fabrication Process
• Industry standard approach 

involves a challenging and 
time-consuming process.

1. Initial polishing of optical 
blank (dark blue)

2. Bonding to sacrificial 
blank (turquoise)

3. Grinding optical blank to 
thickness

4. Machine to aperture size
5. De-bonding optic from 

sacrificial blank

• Success and challenges shown 
in the development of the Large 
Binocular Telescope ASM [3]

Figure 3: Current industry standard 5



Free Form Slumping Overview 
and Benefits



Free Form Slumping Concept

Figure 4: Slumping Process 6

1. Apply Top weight 

2. Support shell with 
annular base

3. Heat in Kiln to 
slump Glass

4. Cut shell to 
Aperture



Benefits of Free Form Slumping and Benefits

• Heat cycles are quick (8-12 hours), offering the ability to 
change the experiment daily

• Iterative process
• Low material cost, scalable, Borofloat blanks cost in the range of 

30-100 $ per sheet

• No need for high-precision optical mold

• Low start-up cost in comparison to the standard method

• Minimal polishing
• Overall quicker timescales (1-2 weeks for slumping) as 

exemplified by our creation of the IRTF ASM face sheet 
and UH-2.2m spares[2] 7



Measurement via Deflectometry

• Need for a wide dynamic range, scalable 
testing apparatus

• Horizontal and vertical stepped fringe patterns

• Reflection off the slumped shell picked up by 
the camera

• Slope extraction and surface reconstruction

Figure 5: Deflectometry Stand 8
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Empirical Approach

• From prior 
experiments we see 
dominant aberrations 
past f/3

• Likely due to 
unaccounted radial 
forces

• Found the simplest 
approach to 
optimizing weights 
was iterating 
experiments.

Figure 6: Exaggerated surfaces to show 
the central hump effect
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Empirical Approach

• Goal is less than 100 µm
P-to-V error

• Use the ability to quickly 
iterate on experiments

• New slumping process
1. Unweighted shell
2. Central pile shell
3. Central pile + additional 

ring/rings shell

Figure 7: Overview of our iterative 
process 10



O Series Example of Approach

Figure 8: Central Pile(750g), Central Pile(750g) + Single Ring(500g), and 
Central Pile(1000g) + Multi-Ring (1000g, 500g)
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Results



Results
N-Series 450mm Shells

648.2 ㎛

Radial 
Errors

(P-to-V)

Overall 
Surface 
Shape

293 ㎛ 62.3 ㎛~2x ~5x



Results
O-Series 950mm Shells

Radial 
Errors 

(P-to-V)

Overall 
Surface 
Shape

636.4 ㎛ 314.9 ㎛ 311.1 ㎛~2x



Summary



Summary

• Free Form Slumping is promising for quicker more 
economical thin-shell fabrication

• Allows correction/progress through an iterative process
• The empirical approach shows promise with the 450mm and 

950mm series

• Goal: scale to 1m+ (kiln-limited)



Thanks!

Thank you to Phil and Deno and all the wonderful people 
working at the UC observatory shops!
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Adaptive Secondary Mirrors
• Using the secondary mirror 

as your deformable surface is 
less complex providing higher 
throughput

• Adaptive Secondary systems 
make the adaptive surface 
the secondary mirror (ASM), 
often 200-1400mm in 
diameter

• Higher throughput, less 
stray light, and more 
thermal sensitivity.

Figure 2: Conventional AO system 
compared to an adaptive secondary 
system. Figure from [4]
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