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Realizing Assisted Alignment of Three-Mirror Reflecting Optical
System by Using Wavefront Sensing Test Results of Phase Diversity
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Abstract The basic principles of wavefront sensing technology based on phase diversity (PD ) are discussed. The
noise adaptability of the PD technique and the influence of the detector defocus distances error on the accuracy are
analyzed. PD technology is applied to assisted align off-axis and coaxial three-mirror reflecting optical system, and
the wavefront maps of multiple fields of view are compared with interferometric test results. Experimental results
show that wavefront sensing and assisted alignment of three-mirror reflecting optical system can be realized by using
PD technology. Compared with the results of interferometric test, results of wavefront sensing are all better than
0.0224 RMS. The accuracy can satisfy the requirement of engineering.
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Fig. 1 Schematic diagram of PD technology
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Table 1 Variance of Gaussian noise versus Zernike coefficients and testing accuracy of PD technology

Zernike coefficients /A

Variance of Gaussian noise Testing accuracy RMS /A
4 5 6 7 8 9

0 0.3 —0.25 0.3 0.38 0.3 0.25 0.0012
0.0001 0.301  —0.252 0.300 0.377 0.300  0.250 0.0017
0.0003 0.305  —0.248 0.304 0.374  0.298  0.253 0.0049
0.0005 0.310  —0.248 0.303 0.382 0.302  0.254 0.0063
0.001 0.301 —0.248 0.298 0.366  0.293  0.253 0.0069
0.005 0.279  —0.254  0.286 0.393 0.317  0.253 0.0162
0.006 0.329  —0.255 0.322  0.427  0.298  0.262 0.0213

2 PD

Fig. 2 Plot of testing accuracy of PD technology changes with the variance of Gaussian noise

1 2 , ,PD Zernike
RMS . , ,
A/14 (RMS) ., ) 0.022 (RMS),
0.005, PD 23 dB,
45 dB CCD,
2) PD o ) 1.0A
[ (PV) ], PD ;
o 2 1+ Au,Au , AsAu
S
e. =—8(F")*Au, an
L,F# 9.83, 645.32 nm, €. PD
) 2,
2 CCD €. PD

Table 2 Relation between CCD defocus distances error e. and wavefront testing accuracy of PD technology

€. /pm 1+Au /2 Testing accuracy RMS /A
—20 0.9599 0.02516
—15 0.9699 0.01617
—10 0.9800 0.01283
—5 0.9900 0.006531
0 1 0
5 1.0100 0.006672
10 1.0200 0.01341
15 1.0301 0.02047
20 1.0401 0.02739

0711005—4



z , » PD RMS 0,

R 2 s 3(a) . (b) , :
Erus =—0.0012 X e, +0.00015, (12)
Erus =0.0014 X e, —0.00013, (13)
0.9797 0.9998, o
3 €. . (a) e. ;(b) e.

Fig. 3 Relation between the error of detector defocus distance e. and the testing accuracy. (a)e. is negative ; (b)e. is positive
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Fig. 4 Structure of experimental system
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F* 9.83, 645.32 nm, +0.125 mm,
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PV 1.00, CCD 0.500 mm, s
0.5 mm 128 pixel X 128 pixel , Zygo
PD s 3 s ,PD
,PD 0.317x, 0.319A ., 0.02A,
RMS A/14, PD
3 ( )
Table 3 Comparison of testing results by two methods (coarse-aligned)
Zernike item PD /2 Interferometer /A Deviation /A
5 —0.0318 —0.0038 —0.0280
6 0.0285 0.010 0.0185
7 0.4017 0.4381 —0.0364
8 —0.3985 —0.4426 0.0441
9 —0.0162 —0.0313 0.0151
10 0.4986 0.4504 0.0482
11 0.4874 0.4655 0.0219
RMS /2 0.317 0.319
3 , ,
o , 4, 5 B) o
4 Zernike ( )
Table 4 Comparison of Zernike coefficients by two methods (central field of view)
Zernike item PD /A Interferometer /A Deviation /A
5 0.071 0.084 —0.013
6 —0.059 —0.044 —0.015
7 —0.005 —0.001 —0.004
8 0.008 0.004 0.004
9 0.036 0.029 0.007
10 —0.016 —0.010 —0.006
11 —0.032 —0.026 —0.006
5 Zernike ( )
Table 5 Comparison of Zernike coefficients of by two methods (marginal field of view)
Zernike item PD /2 Interferometer /A Deviation /A
5 0.031 0.024 0.007
6 0.067 0.085 —0.018
7 0.014 0.009 0.005
8 —0.017 —0.008 0.009
9 0.054 0.060 —0.006
10 —0.019 —0.027 0.008
11 0.055 0.069 —0.014
PD Zernike NN s
o s , PD
0.0647A , 0.0694A, Zygo , 0.022,
PD ,

PD
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5 . (a) 5 (b)
Fig. 5 Comparison of the wavefront maps of well-aligned TMA optical system obtained by two methods.
(a ) Central field of view ; (b ) marginal field of view
, 6 o ,PD 0.02A
(RMS), , »PD

, , 0.022 (RMS), o

6 . (a) ;(b)
Fig. 6 Comparison of wavefront maps of well-aligned coaxial three-mirror reflecting optical system obtained by two methods.

(a ) Central field of view ; (b ) marginal field of view
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