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By using an off-axial field with an inverse Cassegrain system where the aperture stop is at the secondary mirror, the two-mirror
system can be used for a wide-field objective. However, aberration corrections in conventional two-mirror systems are limited
because the design parameters are too small. In this study, we present a new improved design of the off-axial-field two-mirror
system. The new design has an independently displaced aperture stop and a secondary mirror. The new design parameters yield
more improvement in correction for Sth-order coma and astigmatism, and better aberration balancing for the whole off-axial field.
The spot sizes of the new design system are reduced to half of those for a conventional reference design, and the improvement

effects are shown for the whole field evenly.
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Table 1. Design data of Design I

# 7 (mm) d (mm) K Remarks

1 444,947 -347.290 4.1938 Ml

2 503.313 450.743 0.1638 M2 (stop)
3 Defocus 0.7448 mm, a-tilt 1.74° Image plane

Table 2. RMS spot sizes of Design I (units in pm)

-field
x-field Y

14° 15° 16° 17° 18° 19° 20°

0° 422 3.5 4.11 435 4.12 4.01 6.02
1° 4.56 3.37 3.69 3.87 3.72 3.97 6.25
2° 5.94 3.66 2.92 2.8 2.96 4.25 7.22
3° 8.65 5.71 3.97 3.33 3.92 5.94 9.33
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with displaced off-axial stop).
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Fig. 7. Spot diagram of Design II.

Table 3. Design data of Design II

# r (mm) | d (mm) K y-decenter Remarks
(mm)

1 487.330 | -346.720 | 5.4851 - Ml

2 495.194 0.000 | 0.1743 57.080 Stop

3 495.194 | 426437 | 0.1743 - M2

4 Defocus 0.1381 mm, a-tilt 0.36° Image plane

Table 4. RMS spot sizes of Design II (units in pm)

-field
x-field y

14° 15° 16° 17° 18° 19° 20°

0° 290 | 2.68 2.34 1.96 1.94 | 282 | 457

1° 292 | 2,67 | 231 1.94 1.96 | 2.88 4.63

2° 3.04 | 269 | 230 1.94 | 2.06 3.08 4.87

3° 3.39 2.92 248 2.18 243 3.51 5.28
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Fig. 8. Optical layout of Design III (decentered system with
displaced secondary mirror and off-axial stop).
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Fig. 9. Spot diagram of Design III.

Table 5. Design data of Design III
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Table 6. RMS spot sizes of Design III (units in pm)

y-field
x-field
14° 15° 16° 17° 18° 19° 20°
0° 146 | 146 | 1.60 | 1.80 | 2.04 | 2.40 | 3.04
1° 1.88 | 1.88 | 2.00 | 2.18 | 239 | 275 | 332
2° 2.81 2.80 | 291 3.04 | 325 | 354 | 4.06
3° 404 | 403 | 410 | 424 | 442 | 468 | 5.05

100.00 mm
—_—

Fig. 10. Optical layout of the final design (decentered system
with displaced secondary mirror and off-axial stop optimized for
a square image).

# r (mm) | d (mm) K y-decenter Remarks
(mm)

1 498.724 | -338.508 | 5.8586 - Ml

2 486.480 0.000 | 0.1788 50.983 Stop

3 486.480 | 414919 | 0.1788 -0.612 M2

4 Defocus 0.0521 mm, a-tilt 0.11° Image plane
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Fig. 11. Spot diagram of the final design.
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Table 7. Design data of the final design

# r (mm) | d (mm) K y-decenter Remarks
(mm)

1 496919 | -342.302 | 5.8162 - Ml

2 489.912 0.000 | 0.1772 57.256 Stop

3 489912 | 418474 | 0.1772 -0.301 M2

4 Defocus 0.0358 mm, a-tilt 0.11° Image plane

Table 8. RMS spot sizes of the final design (units in pm)

-field
x-field Y

14° 15° 16° 17° 18° 19° 20°

0° 1.83 1.92 1.92 1.88 | 2.01 2.58 3.62

1° 1.89 1.97 1.97 1.95 2.09 | 2.68 3.72

2° 2.08 216 | 218 | 219 | 236 | 293 3.99

3° 249 | 254 | 257 | 2.6l 2.81 339 | 437
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Fig. 12. RMS wavefront error of the designs (units in A).
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