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Abstract: A method was put forward to eliminate spectral line bending (Smile) of Prism-Grating-Prism(PGP)
spectrometer by reducing the vertex angle of the first prism and combining with off-axis slit and the distortion of
convergent lens. The method could be used to retain the Bragg diffraction and coaxial characteristic of the PGP
spectrometer and eliminate spectral line bending and spectral Keystone of the spectrometer. The Smile of the
traditional PGP model and the improved PGP model with the same technical indexes were compared. In order to
verify the feasibility of the method, a spectrometer with a spectral resolution of 2.8 nm was designed. The root

mean square (RMS) of the spot radius was less than 8 pm, both imaging quality and design index requirements
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could be satisfied. The Smile and Keystone of the system were 1.50 um and 3.52 pum respectively, which were

both less than 0.2 pixel. The design result indicates that the Smile and Keystone of the PGP spectrometer can be

effectively eliminated by reducing the vertex Angle of the prism to eliminate the Smile of the center wavelength,

using the slit off axis to retain coaxial characteristic of the PGP spectrometer, using the distortion of convergent

lens to eliminate the Smile and Keystone of the remaining wavelength.

Key words: optical design;
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Fig.1 The geometry of incident ray
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Fig.2 Principle of the PGP component
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Tab.1 Design parameters of PGP imaging spectro-

meter
Parameter Value
Spectral range/nm 400-1000
Spectral resolution/nm 2.8
Object space NA 0.18
Slit length/mm =9
Image width (spectral)/mm <6.2
Grating frequency/lp-mm' 360
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Fig.3 Smile distortion with x-field
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Tab.2 Parameters of the improved PGP component

Parameter Value
Bragg wavelength/nm 650
Central wavelength/nm 700
Vertex angle of the first prism/(°) 1.91
Vertex angle of the second prism/(°) 14.95
Prism material H-K9L
Grating material B270
Collimating lens focal length/mm 26
Off-axis slit position/mm 2.6
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Fig.4 Optical layout of improved PGP imaging spectrometer system
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Fig.6 Diffractive MTF curves of central wavelength

g 10} ——05um —<«— 09um
=5 e
E 05 L 8? um 1.0 um/
= 7 um
E 0 eccssaggaacaassiifiiiiiitie  d
B 05t
2
E 10
1}
-1.5 t

0.0 0.2 0.4 0.6 0.8 1.0
Normalized x-field
K7 REEED MR —1k x MR

Fig.7 Smile distortion with normalized x-field
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Tab.3 Allowable tolerance of optical system

Parameter Value
Index 0.0003
Abbe 0.5%
Radius/fr 2
Thickness/mm 0.02
Decenter (surface and element)/mm 0.01
Tilt (surface and element)/(") 0.5
Irregularity 0.25
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