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Abstract In order to solve the difficulties of the multi-color, wide wavelength band, long working distance and high
numerical aperture in imaging flow cytometer, an optical system of multispectral achromatic imaging flow cytometer
is designed. Based on the modular design concept, the relative independence of each module is guaranteed by the
flexible use of the local and whole optimization method. The microscope objective introduces diffractive optical
element to correct chromatic aberration in the wide spectrum. So the imaging quality can meets ideal performance in
full-wave band. The multispectral group uses dichroscope stack to split light, and six channels are optimized by
multiple structure. The difficulty of chromatic aberration correction is reduced greatly. The final optical system is
got by global optimization. The magnification is 60, the field of view is 60 pm X128 pm, the wavelength range is
from 420 nm to 800 nm, the system has six channels, the resolution is 0.5 pm, and the imaging quality is close to
diffraction limit.
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Fig. 1 System principle of multispectral flow cytometer
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Table 1  Optical design parameters

Parameters Values
Field of view 60 pm X128 pm
Wavelength 420~800 nm
Pixel resolution 0.5 pm
NA 0.75
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Parameters Values
Spectral channel number 6
Laser wavelength 405,488,561,658,785,830 nm
LED wavelength 450 nm
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Table 2 Microscope objective parameters

Parameters Values
Field of view 150 pm
Wavelength 420~830 nm
Pixel resolution 0.5 pm
NA 0.75
Focal length of microscope objective 4.5 mm
Focal length of delay lens 36 mm
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Table 3 Multispectral microscope imaging system parameters

Parameters Values
Field of view 60 pm X128 pm
Wavelength 420~800 nm
Pixel resolution 0.5 pm
Spectral channel number 6
Focal length of TDI imaging objective 270 mm
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Table 4 Spectral channel

Channel 1 2 3 4 5 6
Wavelength band /nm 420~480 480~560 560~600 600~640 640~745 745~800
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Table 5 Design result of dichroic filter stack

Channel 1 2 3 4 5 6
Wavelength band /nm 420~480 480~560 560~600 600~640 640~745 745~800
Off-axis /mm 0 4 8 16 20 24

Tilt /(D 44.02 44.41 44.80 45.20 45.59 45.98
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Fig. 2 Ideal optical structure of microscope imaging system
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Table 6 Velocity-autofocus system parameters

Parameters Values

Field of view 60 pm X128 pm
Wavelength 830 nm
Focal length of PMT objective 50 mm
Exit pupil diameter 5 mm
Exit pupil position 20 mm
Grating period 100 pm
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Fig. 4 Ideal optical structure of velocity-autofocus system
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Fig. 5 Microscope objective structure
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