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Fig. 1. (a) Construction of the photonic crystal board;
(b) TE band structure when e =12, p =1, r = 0.2a.
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Fig. 2. (a) The schematic diagram of coordinate sys-
tem used in simulation; (b) the schematic diagram of
Goos—Hénchen shift.
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Fig. 3. (color online) (a) The schematic diagram of simulation at A = 1.848a, o = 3°; (b) the schematic
diagram of simulation at A = 1.848a, a = 3°, imaginary line means reflected light with no Goos-Hénchen

shift, full light means reflected light in the simulation and with Goos-Héanchen shift.
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Fig. 4. (color online) (a) The schematic diagram of simulation at A = 1.648a, a = 15° = 15°; (b) The
schematic diagram of simulation at A = 1.648a, a = 27°, imaginary line means reflected light with no
Goos-Hanchen shift, full light means reflected light in the simulation and with Goos-Héanchen shift.
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Fig. 5. (color online) (a) The schematic diagram of simulation at A = 2.048a, a = 15°; (b) the schematic

diagram of simulation at A = 2.048a, a = 27°, imaginary line means reflected light with no Goos-Hénchen

shift, full light means reflected light in the simulation and with Goos-Hanchen shift.
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wavelength.
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Goos-Hanchen shift based on nearzero-refractive-index
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(College of Optical and Electronic Information Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

( Received 16 February 2016; revised manuscript received 29 May 2016 )

Abstract

Goos-Héanchen shift is a special optical phenomenon. With the development of the nano-optics, Goos-Hanchen
shift has become one of the most valuable and hottest issues in optical field. Meanwhile, due to the unique feature of
the near-zero-refractive-index material, it has been used in many fields, but the effect of Goos-Héanchen shift has little
studied and received less attention. As a result, the purpose of this paper is to analyze the Goos-Hanchen shift based
on near-zero-refractive-index material. In the paper, the photonic crystal with specific parameter is used to simulate the
near-zero-refractive-index material, and the measurement in the simulation is based on finite difference time domain.
We approach the issue by studying whether and how the wavelength and temperature will affect the Goos-Hanchen
shift based on near-zero-refractive-index material. After the simulation at different wavelengths and temperatures based
on the incidence angle which gives rise to total reflection, the results of the simulation reveal that when wavelength
is between 1.648a and 1.848a (not including 1.848a), the Goos-Hénchen shift is positive and increases gradually, and
the total reflection angle decreases. When wavelength is between 1.848a and 2.048a, the total reflection angle increases.
When the wavelength is in a range between 1.848a and 1.858a, the Goos-Hénchen shift is negative. When the wavelength
is above 1.858a, the Goos-Héanchen shift is negative and increases gradually. When the temperature increases from 0 °C
to 100 °C, the Goose-Hanchen shift is unsimilar to the situation of different wavelengths, and fluctuates in the interval
at wavelengths ranging from 1.648a to 1.848a, and the total reflection angle increases gradually. Goose-Hénchen shift
decreases at a wavelength of 2.048, and the total reflection angle decreases gradually, but a little. Based on the simulation
result, it is concluded that the variations of the wavelength and temperature will affect the Goos-Hénchen shift based on
near-zero-refractive-index material, and the effective value is in a range from about 1la to 4a, which is not a small value
to the shift especially in some precision instruments. As a result, the changes of wavelength and temperature should be
taken into consideration, when Goos-Héanchen shift based on near-zero-refractive-index materials is measured or used in

research. These findings are expected to be instructive for device design and nano-optics.
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