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Background/motivation

Measuring surface roughness on large optics
Currently done with replicas, but
Replicas require skill and time to make
Question of fidelity of replication
Residue iIs detrimental and difficult to remove

Provoked thought about roughness measurement and
Instrument design for making measurements
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Root of the problem

Design based on a classical

| microscope
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AT e Critical distance about 10 mm
Need to maintain to nm level
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Basic MFT design
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for alignment
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__—Sample

Short coupling between
sample and objective

Stages built into frame

Microscope referenced
to front of sample

Microscopes moves
with front of sample
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MFT for small samples

~Sample

~0b jective

~PZT

__—Microsicope

Support~_

Keep short coupling for
small samples by inverting

Microscope references
front surface

Similar samples require no
adjustment between them

Sample moves with
microscope
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Advantages of the MFT

Same instrument works for all sizes of samples
Quick change between configurations
MFT is largely insensitive to vibration
MFT is portable, can do on-machine metrology
Front surface reference means minimum of adjustment

Allows for rapid sample change and measurement
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Hardware — MicroFinish Topographer

MFT on a large mirror

Uses the Point Source
Microscope as the microscope

Uses 4D 4Sight software for
phase stepping or ramping
data reduction

3 nylon balls sit directly on
mirror surface |
P
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MicroFinish Topographer - Inverted

25 mm sample for measurement

Three adjustments align for
tip/tilt and focus

Front surface reference means
rapid sample measurement

Little or no adjustment needed
sample to sample

Pat. Pending on design ‘O Q
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Results of measurement

Use 4D 4Sight software
Aver. of 10 measurements
Pitch polished plano

Inverted configuration

No vibration isolation

No filtering

PV =225nm, rms=1.56 nm
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Good repeatability

Meas. Pv rms Valid pts diff Pv diff rms
10 single measurements
1 63.20 4.78 all 56.70 4.51
Same sample 2 51.40 4.70 all 49.80 4.44
o 3 63.10 4.66 all 51.00 4.38
Same conditions 4 58.50 4.58 all 53.20 4.31
: 5 57.40 4.64 all 58.10 4.36
Pvand rms in nm 6 51.50 4.68 all 51.50 4.39
Valid data ev ery p oint 7 50.70 4.68 all 47.60 4.32
8 50.00 4.63 all 50.40 4.35
Right, Average _ 9 61.70 4.63 all 51.60 4.34
10 55.30 4.52 all 56.90 4.28
! nd Vi d ual Average 22.9 1.57 average 52.68 4.368
St. Dev. PV =3.5nm St. dev. 3.469 0.067
St. Dev. Rms =.067 nm -
PV & rms from sets of 10 meas. 22.41 and 1.59 nm O —
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Good data consistency

Average of 10 single meas. “ 2 * g g 3"
PV = 22.9, rms = 1.57 - I
Expect noise reduction w
Sqrt(10 - 1) =3 fo o
Aver. indiv PV = 56.28 [ N
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Height Calibration

Measure surface of known

radius, for example, R =291 mm Ij;

Calculate sag over width of

sample viewed, y = 711 um

Sag =y?/8*R =217 nm nm

Average of 10 yields 212.5 nm

Std dev. of sag = 0.08 nm
Based on 99% of all points ‘0 -
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Other surfaces measured

Untitled : Surface, Reference not subtracted P¥: 230 nm, RMS: 9.25 nm Untitled : Surface, Reference not subtracted PV: 1021 nm, RMS: 71.6 nm
Notes: Hotes:
0188 0183 0.188 0.189
nrm nm
st 0175 0175 - 5% 0.175 0.475
=
o
—+ a0 o150 - 0150 T oo 0.150 0.150
T (g
da12 P 0125 . 0.125 0.2
T L
< @
- - 0.100 oo 8 b 0.100 o100 &
= E 1o =
0000 @ T S
1 s >
0075 007 0075 o
T -+ 00 i
4 o 0.080 0.050 0.0 nos
=9
T 0025 0.2
005 0024
L aza
i)
0.000 Bt 0.000
0.000 — L 0.000 < " " " ’ ! j ’ ’ ’ ! sggeg I
' AT ' ’ i ' ' ’ ' ' ! e 0.000 0.025 0050 0078 0100 0.125 0.150 0ITs 0200 0235 0.351 2FE 3 %
0000 0032 0050 DOF 0400 025 DD DAF5 0200 0225 DEsl RS SReseE q '
A oo nrm 107um
nim 107 um 38 nm
1 nm 200
gg 203 . i = | . v
E 200
- a5
: D000 003§ 0050 0OFE 0400 0925 0OS0 0T 0200 0E 0351
D000 00 00s 0078 odo0 0AZE 04s0 045 D200 D26 0241 . 10
T UQ X Slice

X Slice

Molded plastic Machined aluminum
230 nm P-V, 9.25 nm rms 1021 nm P-V, 71.6 nm rms
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Wrap-up

- Designed a micro roughness tester for any size sample
» Repeatable without vibration isolation

 Uses well vetted software

 Rapidly tests multiple samples of same geometry
 Designed for easy portability including a laptop

 Can be adapted to cylindrical surfaces with new interface
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Come see us

For further info stop by at Booth 205
Optical Perspectives Group, LLC

WWW.optiper.com

reparks@optiper.com
520 529-2950
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