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To design a wide-field optical system, the inverted telephoto configuration, which has a negative front group and a positive
rear group, is popular. For a two-mirror system, the inverse Cassegrain system has the inverted telephoto configuration, but the
inverse Cassegrain system with the conventional, axially symmetric configuration shows severe field screening and ray obstruction.
To avoid these problems, we put the aperture stop on the secondary mirror of an inverse Cassegrain system to increase field
of view, and designed a wide-field off-axis two-mirror system which only uses the off-axis field, without ray obstruction.
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Fig. 1. Optical layouts of an inverse-Cassegrain system: (a) axially

symmetric configuration, (b) off-axis configuration.
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Fig. 2. Design parameters and rays of a two-mirror system.
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Fig. 3. Optical layouts of the anastigmatic Ritchey-Chrétien system with spherical mirrors only, (a) Solution I, (b) Solution II, Rosin’s inverse

Cassegrain system.

Table 1. Design data of the anastigmatic Ritchey-Chrétien system with spherical mirrors only (units in mm)

(a) Solution 1

Surface # Curvature radius Axial distance Conic constant Remarks
1 -569.548 -352.000 0.000 Spherical M1
2 (stop) -217.548 -41.548 0.000 Spherical M2
(b) Solution II, Rosin’s inverse Cassegrain system
Surface # Curvature radius Axial distance Conic constant Remarks
1 217.548 -352.000 0.000 Spherical M1
2 (stop) 569.548 745.548 0.000 Spherical M2

Table 2. The third order aberrations of the anastigmatic Ritchey-Chrétien system with spherical mirrors only (units in mm, evaluated by Code V)

(a) Solution 1

Spherical Tangential Tangential Sagittal X .
# X . K K . Petzval blur Distortion
aberration coma astigmatism astigmatism
1 -0.02404 -0.16800 -0.34148 -0.08061 0.04982 -0.18776
2 (stop) 0.02404 0.16800 0.26087 0.00000 -0.13044 0.00000
SUM 0.00000 0.00000 -0.08061 -0.08061 -0.08061 -0.18776
(b) Solution II, Rosin’s inverse Cassegrain system
Spherical T: tial T tial Sagittal
# P erlf:a angentia a.ngen .1a 'agl a,l Petzval blur Distortion
aberration coma astigmatism astigmatism
1 0.43145 0.43984 0.01903 -0.08061 -0.13044 -0.02739
2 (stop) -0.43145 -0.43984 -0.09964 0.00000 0.04982 0.00000
SUM 0.00000 0.00000 -0.08061 -0.08061 -0.08061 -0.02739
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Fig. 4. Optical layouts of the flat-field anastigmats based on the Ritchey-Chrétien system (a) Solution III, (b) Solution IV, Schwarzschild

concentric system.

Table 3. Design data of the flat-field anastigmats based on the Ritchey-Chrétien system (units in mm)

(a) Solution III

Surface # Curvature radius Axial distance Conic constant Remarks
1 -497.803 -352.000 0.1716 Conic M1
2(stop) -497.803 -72.902 5.8284 Conic M2
(b) Solution IV, Schwarzschild concentric system
Surface # Curvature radius Axial distance Conic constant Remarks
1 497.803 -352.000 5.8284 Conic M1
2(stop) 497.803 424.902 0.1716 Conic M2

Table 4. The third order aberrations of the flat-field anastigmats based on the Ritchey-Chrétien system (units in mm, evaluated by Code V)

(a) Solution III

‘ wemtion | com | ostgmton | asigmatn | P2 b | Disorion

| -0.03601 -0.09611 -0.02850 0.02850 0.05700 0.02536
-0.00618* -0.03981* -0.08550* -0.02850* 0.00000* -0.06122*

2 0.03601 0.13592 0.11400 0.00000 -0.05700 0.00000
(stop) 0.00618* 0.00000* 0.00000%* 0.00000* 0.00000* 0.00000%*
SUM 0.00000 0.00000 0.00000 0.00000 0.00000 -0.03586
(b) Solution IV, Schwarzschild concentric system

‘ oomion | coma | sigmtion | osgnaym | "ol b | Dytrion

! 0.03601 0.096101 0.02850 -0.02850 -0.05700 -0.02536
0.20988* -0.23203* 0.08550%* 0.02850* 0.00000* -0.01050*

2 -0.03601 0.13592 -0.11400 0.00000 0.05700 0.00000
(stop) -0.20988* 0.00000* 0.00000* 0.00000* 0.00000* 0.00000*
SUM 0.00000 0.00000 0.00000 0.00000 0.00000 -0.03586

*Aspheric contributions
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Fig. 5. Design considerations for an off-axis two-mirror system
without ray obstruction.
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Table 5. Design parameters of the Solution II (inverse Cassegrain system) for the off-axis configuration

Design Parameters Value Remarks
Effective focal length 176 mm 1
Back focal length 745.548 mm Iy
Distance from MI to M2 -352.000 mm d,
Distance from MI to the entrance pupil 83.096 mm EN
Transverse magnification of the pupils 4.236 My,
F-number 3.0 Fy
Minimum incident angle by the condition @D 0.35300 u
Minimum incident angle by the condition @ 0.57118 u

100.00 MM

Fig. 6. Optical layout of the Solution II with the off-axis
configuration.
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Fig. 7. Spot diagram of the Solution II with the off-axis
configuration.

Table 6. RMS spot diameters of the Solution II with the off-axis
configuration (units in pm)

X 00 10 20 30
y
33° 173.6 170.1 158.8 1413
34° 159.4 156.3 145.1 133.1
35° 142.5 141.0 135.0 127.8
36° 136.6 135.8 136.3 138.7
37° 157.3 159.8 163.5 174.0
38° 206.5 209.0 217.8 232.5
39° 281.7 285.3 295.4 312.8

*defocus from the paraxial image plane: 27.880 mm, «—tilt: 30.41°
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Table 7. Design parameters of the Solution IV(Schwarzschild concentric system) for the off-axis configuration

Design Parameters Value Remarks
Effective focal length 176 mm 1
Back focal length 424,902 mm Iy
Distance from MI to M2 -352.000 mm d,
Distance from MI to the entrance pupil 145.803 mm EN
Transverse magnification of the pupils 2.414 My,
F-number 3.0 Fy
Minimum incident angle by the condition @D 020118 u
Minimum incident angle by the condition @ 0.14226 u

100.00

MM

Fig. 8. Optical layout of the Solution IV with the off-axis

configuration.
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Fig. 9. Spot diagram of the Solution IV with the off-axis

configuration.

Table 8. RMS spot diameters of the Solution IV with the off-axis
configuration (units in pm)

X 00 10 20 30
y
14° 133 13.4 13.8 14.3
15° 16.4 16.5 16.8 17.4
16° 20.1 20.2 20.6 21.2
17° 244 24.6 25.0 25.5
18° 29.4 29.5 30.0 30.6
19° 35.1 353 35.7 36.5
20° 41.5 41.7 422 43.0

*defocus from the paraxial image plane: -0.17 mm, a—tilt: -0.28°
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Table 9. Final design of the wide field off-axis two-mirror system (units in mm)

Surface # Curvature radius Axial distance Conic constant Remarks
1 451.573 -347.315 43751 Conic M1
2 (stop) 502.087 446.731 0.1656 Conic M2
Image Infinity 0.631* - Decentered, a—tilt: 1.51°
*defocus from the paraxial image plane
Table 10. RMS spot diameters of the final design, the wide field
off-axis two-mirror system (units in pm)
¥ 0° 1° 20 3
Yy
14° 4.1 42 5.0 7.1
15° 4.1 39 3.6 4.8
16° 4.7 43 34 3.5
17° 4.8 4.4 33 3.0
18° 45 4.1 33 3.5
19° 45 4.4 43 5.3
100.00 MM 20° 6.1 6.3 6.9 8.4

Fig. 10. Optical layout of the final design, the wide-field off-axis
two-mirror system.
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Fig. 11. Spot diagram of the final design, the wide-field off-axis
two-mirror system.
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*defocus from the paraxial image plane: 0.631 mm, o—tilt: 1.51°
vz =
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=9 245E 7 dzo] Qla, vl Tl 4o 2
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o Aol Ao 28kAEE A= pixel pitch 9 pm, 2048 x
2048 Bha:0] 4} AIMR 6% 6°9] AlofE B2 4 QRS
AA =9 em, EFL 176 mm, f-39] FstAo|ct XFEHA =
Schwarzschild concentric system (Solution 1V)S Z7|/4A &2
Sho] x-TFeF —3~3°, y-"eF 14~23°9] AJofof| A 223 Egle
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