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Abstract A dual-band optical system with a long back working distance and limited far zoom is proposed and designed for
visible light (486-656 nm) and near-infrared (900-1700 nm) to satisfy the urgent demand for multiband fluorescence imaging
in biomedicine imaging research. A zoom structure suitable for the dual-band system is adopted to address technical problems
such as the broad range of chromatic aberration variation and limited selection of component optical power caused by the dual-
band long-back-working distance zoom system. The initial optical powers of four groups of zoom structures of the system are
calculated. The feasibility of the initial structure of the zoom scheme is verified using the ideal paraxial plane. The
independent aberration design is performed for each group element of the system. In the common optical path part, dual-band
aberration is optimized. The rear group uses a splitter prism to separate the two bands. Different rear fixed groups are
designed for dual bands to correct the residual aberration of the system, and dual-band imaging under the long back working
distance is realized. The system exhibits good tolerance characteristics, the zoom curve is smooth without an inflection point,
the image plane is stable during the zooming process, and the imaging quality is excellent.
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Table 1 Design requirements

Parameter Value

150-25
12.29 (Visible)
15.77 (NIR 1)
12.2-2.03 (Visible)
9.5-1.58 (NIR 1)
Zoom ratio 6X

486-656 (Visible)
900-1700 (NIR 1)

300420

Image working distance /mm =60

Object size (diagonal) /mm

Image size (diagonal) /mm

Magnification (image to object)

Wavelength bands /nm

Object working distance /mm
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Table 2 Initial structure of zoom system four component

focal length

Focal length /mm
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Table 3 Spacing between groups of initial structure of zoom system

Crouw Visible NIR I
Gl 139.03 139.03
G2 —67.73 —67.73
G3 90. 83 90. 83
G4 121.05 162.50
unit: mm

Spacing between groups  Object size (diagonal) is 150 mm

Object size (diagonal) is 76 mm

Object size (diagonal) is 25 mm

78.67 122.33
66. 36 22.69
60. 90 11.77
25.24 74.37
52.67 101. 80

d, 28. 44
d, 116.58
d, 76.14
J Visible 10. 00
! NIR 11 37.43
diagonal
150 mm
76 mm
26 mm  |——= =

P2 A2 45 A ) i 4 b J AL A Y

Fig. 2 Ideal model of initial structure of zoom system
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Fig.3 Structural layout of zoom optical system
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Fig.4 Overview of the zoom system architecture
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Table 4 Four component focal length of zoom system

Focal length /mm

Group —
Visible NIR I
Gl 160. 70 161. 00
G2 —74.90 —75.16
G3 74.94 75.10
G4 125.69 124.60
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Table 5 Spacing between groups unit: mm
Spacing Object size Object size Object size
between (diagonal) is  (diagonal) is  (diagonal) is

groups /mm 150 mm 76 mm 25 mm
d, 3.70 74.28 133. 50
d, 130. 27 59.70 0.50
d, 49. 80 39.18 0. 50
d, 3.30 13.92 52.61
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Fig.5 Spotdiagram of visible light system. (a) Object size is 150 mm; (b) object size is 76 mm; (c) object size is 25 mm
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Fig.6 MTF of visible light system. (a) Object size is 150 mm; (b) object size is 76 mm; (c) object size is 25 mm
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Fig. 7 Spotdiagram of NIR [ system. (a) Object size is 150 mm; (b) object size is 76 mm; (c) object size is 25 mm
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Fig.9 Motion track of zoom group and compensation group
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Table 6 Tolerance distribution of zoom optical system

Parameter Value range
Radius of curvature /fringes <2
Thickness /mm +0.02
Surface decenter /mm +0.02
Surface tilt /mm +0.02
Element decenter /mm +0.02
Element tilt /(°) +0.1
Surface irregularity /fringes <1
Index of refraction +0.0001
Abbe +0.002
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Fig. 11  Cumulative probability of MTF in 486-656 nm. (a) Object size is 150 mm; (b) object size is 76 mm; (c) object size is 25 mm
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