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Achromatism about Negative Refractive Index Lens

ZHANG Bo,CUI Qing-feng, XUE Chang-xi, PIAO Ming-xu, YU Chun-yan
(Department of Optical Engineering ,Changchun University of Science and Technology .Changchun,130022.China)

Abstract: An example of achromatic designs for a negative-refractive-index plane-concave lens with
100 mm focal length, 20 mm the pupil diameter and negative abbe number in near infrared wave band
from 0. 848 um to 1. 114 pm was given to explain two achromatic methods about the negative-refractive-
index lens. The two methods are combing positive-refractive-index lens with negative-refractive-index lens
and introducing the diffractive optical elements into the negative-refractive-index lens. The analysis results
show that the positive-refractive-index lens undertakes almost all the power in the method of combing
positive-refractive-index lens with negative-refractive-index lens, so a large number of additional
monochromatic aberrations are introduced. However, the diffraction optical element can correct the
chromatic-aberration of the negative-refractive-index lens without introducing additional aberrations. The
diffraction efficiency of the negative-refractive-index diffractive optical elements is deduced based on the
special propagating laws and imaging properties of negative-index lenses, the expression for
microstructure height is given,and the diffraction efficiencies are calculated. The diffraction efficiency for
the negative-index binary diffractive optical element in the design wavelength 0. 912 pm is 40. 53% ,in
wavelength 0. 848 ym is 35. 06 % »and in wavelength 1. 114 pm is 39. 83 %.
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Fig. 1 Light rays passed through two neighboring subperiods
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Fig. 2 Profile of a negative index diffractive lens
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Table 1 Equivalent negative refraction indices for different
wavelengths
Wavelength/pm Frequency/Hz Index
0. 848 1.18X10° —0.74
0.912 1.097 X 10° —0.51
1.114 0.897 7X10° —1
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Fig. 3 Layout of the refractive negative-index lens
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Fig. 4 The analysis curves of the refractive negative-index lens
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Fig. 5 The positive and negative refractive index material

lens combination system structure diagram
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Fig. 6
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Fig. 7 The analysis curves of the refractive-diffractive negative-index lens
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Table 2  Diffraction efficiencies in different wavelengths for

the refractive-diffractive negative-index lens

Wavelength /pm Frequency/Hz Diffraction efficiency/ (%)

0. 848 1.18X%10° 35.06
0.912 1.097 X 10° 40.53
1.114 0.897 7X10° 39. 83
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