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for Large Optical Mirror

using On-Machine Spherical Surface Referenced Shack-Hartmann System

Jong Hui Hong, Chang Jin Oh,

Key Words: Concave Mirror(¥FAF), Corrective Polishing(5=3 A v}), Interferometry(ZHd A9 H),

Eung Suk Lee and Ock Hyn Kim

On-Machine Measurement(7] 714 Z74), Shack-Hartmann(Ak=2-3}E%H)

Abstract

A spherical surface referenced Shack-Hartmann

method is studied for inspecting machining accuracy

of large concave mirror. This method is so strong to the vibration environment for using as an

on-machine inspection

system during polishing process

of large optics comparing with the

interferometry. The measuring uncertainty of the system is shown as less than p-v 150 nm. On-machine

measured surface profile data with this method is

used for feed back control of the polishing time or

depth to improve the surface profile accuracy of large concave mirror. Also, the spherical surface

referenced Shack-Hartmann method is useful for

measuring aspheric such as parabolic or hyperbolic

surface profile, comparing that the interferometry needs a special null lens, which is to be a reference

and difficult to fabricate.
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Table 1 Optics specification for Shack-Hartmann

system
. Dia. |Focal length jAccuracy
Optics
(mm) {(mm) (A =632.8nm)
LA ¢ Micro lens-let array TS : Test sprerical reflex mirror Beam splitter 50.8 /10

6S : Beam splitter RS : Reference spherical mirror
Micro oJ@lo] lens

254 (19 \/4
(48x48, 0.25mm pitch)

Reflect mirror 25.4 A/20

(b)
Fig. 2 Configuration of the spherical surface (a) Reference lens (b) Target lens
referenced  Shack-Hartmann  measuring

Fig. 3 Interferograms measured by Wyko6000

system . .
Y Fizeau interferometer
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(b) 3D error deviation

Fig. 4 Compared error with reference and sample
lens using the spherical surface referenced
Shack-Hartmann method

Table 2 Accuracy result for the reference spherical
surface and the target surface by the

Wyko6000 Interferometer and Shack-
Hartmann method
. . Wyko6000 Hartmann
Primary Aberration
Interferometer Method
& Wavefront Error
Reference | Target Target
Spherical 0.039 0.053 0.013
Astigmatism 0.026 0.037 0.010
Coma 0.017 0.022 0.055
p-v 0.068 0.076 0.15
ms 0.010 0.012 0.034
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ol de WA Hrh =¥ 1 AXHE F
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g HolE AFWFoR FEAIY JtEsts A
3 dvpde Algsich gy WA LS 9
3ted Fig. 59 29 A Zo) JtEEAE ARG
k. Fig. 62 AN F
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PYAALYEE t5m BEE 7FFE,

IPreparation}—‘ BK7 Glass |
AL 6061

N R | RinLGacheasurcmenT‘
| |
‘

I

Lapping
l Spherical Reference
1

| rSwing Arm Measurement—l k

s

Shack-Hartmann Method

Polishing !
- {Onc-Path Polishing
@ ‘rRaster Scan Corrective Polishing] 1
l Coating l

Computer Controlled Pclishinﬂ
Fig. 5 Manufacturing process for large diameter

' LM achine

optical mirror

Fig. 6 Measurement of radius of curvature after

grinding
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(b) Polishing time for surface profile error

Fig. 7 Corrective polishing method
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Fig. 8 Large optics polishing machine with
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Table 3 Measured aberrations and wavefront error
by spherical reference Shack-Hartmann
method (P 640 mm concave mirror)

p-v | mms

Items Astigmatism | Coma
(um) (um)

4th one-path

. 0.570 0.055| 0.9 {0.091
Polishing

Corrective Polishing 0.371 0.045 |0.472 0.043
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Fig. 9 Before and after polishing of 640 mm

diameter concave mirror

(b) Contour error (P 640 mm)
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concave mirror
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