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Family of MRF Machines QED ¢

Technologies
« 022-XE - Up to 80 mm in diameter.
e Q22-X - Up to 200 mm in diameter.
« 022-Y - Raster tool path up to 200 mm in S|ze
« 022-400X - Up to 400 mm in dlameter

s O22-750P2 - Plano optics up to 750 mm X 1000
mm insize.

 The next-generation, meter-class machine is
—being built to finish free-form optics
_+ 022-950F — Meter class freeform optics

o Q22-xxxxF = Multi- meters (1-4 m) freeform
optlcs

Q22-400X

: -yl l ;
nu M, QEDes | ‘

== _I - SSi - Subaperture Stitching Interferometer
(SSI) for high precision metrology. '

Q22-750P2
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Q22-400X MRF System QED ¢
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Examples of Polishing on Q22-400x QED ¢
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— 400mm diameter ULE Concave

« \ - 400mm diameter Silicon Concave
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300mm SiC Mirror QED ¢

Technologies

« A 300 mm diameter flat SiC mirror was polished from
0.572. t0 0.042 P-V (0.17A to 0.004% RMS)

—* Final ,roughn_éss was = 1.5 nm RMS (20x-_magnification) '
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Q22-750P2

'Large ~ Small

Wheel ~ Wheel

370mm 50 mm

~diameter ~ diameter

2 MRF “Heads”
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Polish ap'er:tur_e_s up to

750 x 1000 mm
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Q22-750P2 Polishing QED e
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Q22-750P2 Polishing QED 2

Technologies

350mm flat-to-flat ULE Plano
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Advantages of Using MRF to Finish ED 2
Lightweight Optics Technologies

. Contact zone in MRF can be
easily tailored depending on the
cell size and/or existing quilting

Low force, while maintaining
_hlgh MRR -

=> Conformal nature and shear
mode of removal make MRE
insensitive to small changes in
distance between workplece
and wheel surface. '
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MRF Quilt Pattern Removal
|nitial

15t [teration
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2"d |teration
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Subset of cryogenic quilting
error printed into a part using
MRE to simulate figure
correction of lightweight
optic

Provided by NASA MSEC
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Size ¥ 145.8 T

« > 4x improvement after 1
iteration with MRE

o Initial = 14.2 nm RMS
e Final =3.5 nm RMS

www.gedmrf.com
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Size X 145.1 i
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 Perform 2"4-jteration with
MRE

« Quilting pattern removed
s Final =1.8 nm RMS
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McCarter Frit-bonded Single ED &
Crystal Light-Weight Silicon Mirror

Technologies

Areal Density = 25 kg/m?

Polished on Q22-X (rotational mode), 150 mm diameter wheel
Diamond MR fluid

Initial and final roughness ~ 0.25 nm rms
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MRF Correction of McCarter Frit-

bonded Single Crystal Light-Weight QED ¢

Silicon Lightweight Mirror Technologies

Initial Figure After 1 iteration | After 2 iterations

gurface/Wavefront Map

-, Surface/Wavefront Map 4 gurface/Wavefront Map
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0.6968  wave | Size X 150.3 T |
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0.207 wave | Size ¥ 150.3 mm I

. rme 0.005 wave | Size ¥ 150.1
Remove d: PST TLT I Remove d: PST TLT

Remove d: PST TLT

0.207 A RMS -0.025 A RMS 0.005 A RMS

SSSSSSS /Wavefront Map

+0.06589 +0.06589
Py Py

Initial figure (with *power”
e | removed) shows “print

~

o through” of support structure.

Final figure shows-no
e print through™ of
. support structure.
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¢
Other Lightweight Mirrors ED

Technologies

Hextek Gas Fusion™ Borosilicate
15 kg/m2 mirror blank

Correct cryo-quilting

Better than 50% improvement in 1
hourof polishing '

o Performance limited by clocking
error

Results discussed in previous talk

CoorsTek lightweight
SIC mirror
20 kg/m?
Initial = 212 nm RMS
» Final =8 nm RMS
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Relative Damage Rates — CaF, QED ’
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135 mJ/cm2/pul
145 mJ/cmzlpulse mlcmeipulse 115 mJ/cm2/pulse

——QED
—=— Witness| |

——QED
—s—\Witness

——QED
—s—\Witness

In-situ Transm (%)
In-situ Trans (%)

In-situ Trans (%)

0.05 . 0.1 0.2 . 0.2 0.4

Pulses (millions) Pulses (millions) Pulses (million)

Ratio of Damage rates: Witness /QED

MRF-polished samples
damage slower than
conventionally polished
samples

Ratio of Induced Loss

Acknowledgement
V. Liberman
MIT Lincoln Laboratory

130
Fluence (mJ/cm2/pulse)
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MRF Removes Sub-Surface Damage - FS QED ’
Technologies

=+ Vendor 2 asis - Vendor 2 conditioned

~~VWendor 2 etched ==Vendor 2 etched and conditioned

-8~ Vendor 2 etched conditioned 1 micron CeQx MRF —=Vender 2 etched conditioned 1 micren diamond MRF
-B-Vendor 1 asis (baseline 1) ==Vendor 1 conditioned (baseline 2)

Conventional Processed with
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Dark Field Microscopy
after Etch

« The MRFE processed surface has sighificantly fewer damage sites at hlgher
~fluence after 3 ns pulse with wavelength = 355 nm*

» Dark field microscopy clearly illustrates that advantages to using MRF to
remove sub-surface damage |

13.A-Menapace, B. Penetrante, -D. Golini, A. Stromba, P.E.-Miller, T. Parham, M. Nichols and J. Peterson, “Combined Advanced Finishing and UV-Laser

Conditioning for-Producing UV-Damage Resistant Fused Silica-Optics”, Laser Induced Damage in-Optical Materials:-2001, Exarhos; Guenther, Lewis, Soileau,
Stolz eds, Proceedings of -SPIE 4679: 56-68 (2002).
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Forces Acting in Polishing

Conventional Polishing

Abrasive L oad

QED ¢
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MRF

Workpiece

Particle I

Workpiece =

%Hydrostatic
I\ Pressure

Magnetic buoyant force

An abrasive particle is embedded
in the rigid pad, which supports
the particle load. The normal
force (=0.01 N) is significant to
cause the surface indentation and

- scratching.

A. Shorey, 8/17/2004 www.gedmrf.

MR Fluid Core

Because particle/surface contact
area is very small the hydrostatic

_pressure results in insignificant

normal force (=10-"N). The
buoyant force (=10°N) is also too
small to cause appreciable surface
indentation.

com Slide 16




MRF Conclusions QED ¢
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MRE deterministic polishing process

« High material removal rate

. Exbellent cohvergence rate

« Can improve roughness on most materials

Including MRFE in manufacturing process improves resistance
to laser damage

Process scalable to larger size optics

« MRF machines for up to meter class optics already available '

 1-4 meters currently being engineered
For light-weighted optics: |

« Unique MRE attributes give it the ability to polish
lightweight mirrors without inducing quilting and can fix
existing errors such as quilting patterns
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