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Since aspherical surface is widely used in many optical systems. It is important to evaluate the
effect of figure error on optical performance correctly. However, considering the theoretical
derivation of geometrical MTF, it is not adequate to evaluate fine undulation by geometrical
MTF which is sometimes utilized. Then firstly, we make this problem clear both theoretically and
numerically. The useful equation for evaluating the effect of fine undulation to the wave-optical
MTF was discussed to some extent but there may be some ambiguities and complications. Then
secondly, we derive the evaluating equation originally and simply and confirm its availability
numerically.
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Fig. 1 Definitions of & and v.
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Fig.2 Relation between Dy and 4W.
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Table 1 Lens data for numerical calculation.

Radius Thickness Index
>0BJ: infinity infinity
1: 0.68357 0.035400 1.727100
2: 0.42566 0.161800 1.619700
3: 2.02429 0.002900
4: 0.42566 0.121200 1.703300
5: 1.64339 0.016000
6: 2.02429 0.034400 1.548300
7: 0.25716 0.112900
STO: infinity 0.090000
9: —0.30927 0.020600 1.648200
10: infinity 0.106000 1.619600
11: —0.42566 0.003900
12: 2.96384 0.076600 1.693500
13: —0.63532 0.636218

Fig. 4 Lens configuration for simulation. The fine undula-
tion is put on the surface pointed by the arrow.
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Fig.5 Lens data is listed in Table. 1. Nine sine waves undulation exists between center and margin on a lens surface which is
pointed by an arrow in Fig. 4 and its semi-amplitude is 63.2 nm. (a) W-MTF. (b) G-MTF. (¢) W-MTF for the lens with
undulation and W-MTF predicted by Eq.(12). (d) G-MTF for the lens with undulation.
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Fig. 6 Three sine waves of undulation exists between center and margin on a lens surface and its semi-amplitude is 63.2 nm.
(a) W-MTF for the lens with undulation and W-MTF predicted by Eq.(12). (b) G-MTF for the lens with undulation.
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Fig. 7 The lens data is 10 times scaled up from the Table. 1. Nine sine waves of undulation exists between center and margin
on a lens surface and its semi-amplitude is 63.2 nm. (a) W-MTF. (b) G-MTF. (c) Solid line is W-MTF for the lens with
undulation and dotted line is W-MTF predicted by Eq. (12). (d) G-MTF for the lens with fine undulation.
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Fig. 8 Nine sine waves of undulation exists between center and margin on a lens surface and its semi-amplitude is 31.6 nm. (a)
Solid line is W-MTF for the lens with fine undulation and dotted line is W-MTF predicted by Eq. (12). (b) G-MTF for the lens
with undulation.
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