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Design of achromatic optical system based on radial gradient index
lens

LI Chunyan™ , LI Ke, LIU Jihong, LV Zheng, LI Gengpeng, LI Danlin
(School of Electronic Engineering, Xi'an University of Posts & Telecommunications, Xi'an, Shaanxi 710121,

China)

Abstract: An achromatic lens based on radial gradient index (GRIN) is proposed,which effectively sup-
presses the chromatic aberration effect of optical systems. Firstly, the radial GRIN lens has the advanta-
ges of the lower spherical aberration, better-focusing imaging, and higher optical coupling efficiency.
Considering the above advantages,an achromatic optical system of the radial GRIN lens is designed to e-
liminate the high-order aberration. Moreover, the optical power and spherical aberration of the optical
system are optimized by controlling the operands POWR and SPHA in ZEMAX software. Finally, the
optical power and dispersion model of the achromatic optical system based on radical GRIN lens is de-
rived and established. At the same time, the achromatic effect comparative experiments for the radial
GRIN lens and homogeneous doublet lens are conducted. The experimental results show that the radial
GRIN lens can achieve good achromatic function in the wavelength range of 486—656 nm. The achro-
matic effect is significantly better than the homogeneous doublet lens. The blur spots of the radial GRIN
lens are all within the Airy spots,and the lens is well focused. The aberration is basically corrected and
the diffraction limit is reached, which meets the imaging requirements of the achromatic lens well.
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Fig. 2 Structure diagram of plane-convex radial GRIN lens
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Tab.1 Achromatic parameters of homogeneous doublet lens
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Tab.2 Parameters of plane-convex GRIN achromatic materials

Air/mm Thickness/mm

9 o 2.08

Radius of curvature/mm
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Tab.3 Corresponding relationship between refractive index and Abbe number of a plane-convex GRIN lens

Refractive
index

1.652 1.651 1.649 1.646 1.642 1.637

1.631 1.624 1.616 1.607 1.597 1.586 1.575

Abbe

number
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Fig.5 Schematic diagram of plane-convex radial GRIN lens
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Fig. 6 Two achromatic lenses for 2D views:
(a) Homogeneous doublet lens structure;

(b) Radial GRIN lens structure
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(b) Ray aberration diagram of radial GRIN lens
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