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Abstract Cooled detectors have the advantages of high sensitivity, fast response, and long detection distance as
compared with uncooled detectors. Therefore, cooled detectors are widely used in infrared optical systems. To
effectively suppress stray light, the cold stop of cooled detectors must be at the real exit pupil position of optical
systems. In this study, a method for designing cooled off-axis reflective optical systems is proposed. In particular,
an unobscured design is achieved by using an offset aperture stop and a biased input field. The initial configuration of
cooled off-axis reflective optical systems is directly obtained based on vector aberration theory. A freeform-surface
off-axis three-mirror optical system is designed for a long-wave infrared cooled detector that meets the cold stop
matching condition. The F number of the designed optical system is 2.5, the focal length is 300 mm, and the field
of view is 3°X5°. Freeform surfaces are used to correct the aberrations of the designed optical system and ensure
that the designed system has a good imaging quality. The mirrors are free from tilts and decenters, making the
designed optical system to be easily aligned.
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Table 2 Ranges of configuration parameters and

results of optimization

Parameter Specification
Wavelength range /pm 8-12
Focal length /mm 300
F-number 2.5
Field ofview /[ (") X (*)] 3X5
Pixel size /pm 30

Parameter Range Result
d,/mm [0, 0] 0
d,/mm [—250, —100] —184.7766
d,/mm [100, 350] 276.8154
ri/mm [—600, —100] —414.4935
ro/mm [—600, —100] —135.6293
r;/mm [—600, —100] —239.2461

ky [—5,5] —0.6976
ks [—5,5] —3.7775
ks [—5.5] —0.1131
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Fig. 3 Initial configuration of cooled off-axis

three-mirror optical system
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