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Self-calibration Algorithm of Systematic Errors
For Interferometer
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ABSTRACT

When an almost flat surface under test is measured by an interferometer, the measurement result is largely
influenced by systematic errors that include geometrical errors of a reference flat surface.

To determine the systematic errors of the interferometer by the conventional method that is called the three flat
method, we must take the reference flat surface out from the interferometer and measure it. Because of difficulties to set
the reference flat surface to the interferometer exactly and quickly, this method is not practical.

On the other hand, the method that measures a surface under test with some shifts in the direction being
perpendicular to the optical axis of the interferometer is studied. However, the parasitic pitching, rolling and up~-down
movement caused by the above shifts brings serious error to the measurement result, and the algorithm by which the
influences can be eliminated is not still established.

In this paper, we propose the self-calibration algorithm for determining the systematic errors that include
geometrical errors of a reference flat surface by several rotation shifts and a linear shift of general surface under
test, and verify by a numerical experiment that this algorithm is useful for determining the systematic errors.

Key Words : Interferometer(3+4d A1), Surface measurement(3 4+ #1%), Systematic errors(#A] 5 2.3},
Self-calibration(X+-& 3ZA), Linear shift(2] L1o] 4] X E), Rotation shift(3] A L E),
Reference flat surface( 32 ), Surface under test(3] 2 )
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Fig. 4 An example of surface under test for
calibration

Fig. 5 The result of calculation 1:
surface under test for calibration

Fig. 6 The result of calculation 2:
systematic error
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Fig. 7 An example of arbitrary surface under test

Fig.8 The result of arbitary surface Fig. 7

Table 1 Calculated value of surface under test for
calibration and shift errors

Item Various Input | Calculated | Error
Amounts Value Value
Shift(pixel) o 40 — —
Coefficient | Fifth (x) [ -1.79e-11 | -1.79e-11 | -6.27e-21
of Surface | Fourth (x) | -1.04¢-08 | -1.04¢-08 | 7.65¢e-21
Under Test | Third (x) | -6.25¢-06 | -6.25¢-06 | 8.49¢-18
For Second (x)| -2.50e-03 | -2.50e-03 | -4.58e-07
Calibration | First (x) | -1.25¢-01 — —
Fifth (y) 0.0 -7.54¢-21 | -7.54e-21
Fourth (y) 0.0 2.20e-19 | 2.20e-19
Third (y) 0.0 477¢-18 | -4.77¢-18
Second (y)]-2.500e-03 | -2.50e-03 | -4.58¢-07
First (y) }-1.000e-01 — —
Shift Error | Pitching 6.00e-02 | 5.99¢-02 | -3.66e-05
nm/pixel) |Rolling 6.00e-02 | 5.99¢-02 | -3.48¢-05
{nm) Up Down | 1.500e+02 — —

4.1 7-i|-§- iE dFsie Yg12EF
Fo A, vulA A9 rotation shift 9} linear
shlft g }%"5}-‘ AAY AR 23 ZA A
2% duaZS ALt E3], linear shift A 359
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B oukalg oj g3ty HdAIY AT LAV &

03 w4 vPAE dagich 349 vPAAE
positioning stage ¢t 3| 7)ol nAHA B9
vl @A A7 linear shift o] ¥ G FAA

g olgaATHE ANE Bagls) wdd B
2 ANE £ Atk AHL AF LAE 1 3 o
o) HEg AE FEEL ARY + Aok
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