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Abstract

Gradient-negative refractive index photonic crystals have unique optical properties due to the
non-uniform structure of their refractive indices, and the special properties of gradient-negative
refractive index photonic crystals can be utilized to improve the transmission efficiency and signal
quality of optical communication systems. However, most of the researches only design the gra-
dient refractive index from one direction. In this paper, a subwavelength focusing system com-
bining a bidirectional gradient-negative refractive index photonic crystal and a single silicon lens
is proposed to realize far-field subwavelength-resolved hyper focusing, which breaks through the
traditional diffraction limit. A photonic crystal substrate with a refractive index of 3.45 and a mi-
crosphere lens were prepared using a silicon medium and simulated using the FDTD algorithm.
The refractive index distribution pattern in the photonic crystal is adjusted by the combination of
lateral and vertical variations of the pore diameter, which significantly improves the focusing ef-
fect and reduces the half-peak full width of the focal point to 0.317 A. Under the specific spatial po-
sition of the silicon lens, a focusing range of 0.13 A to 0.76 A is achieved under the sub-wavelength
imaging condition, and the half-peak full width of the focal point is as low as 0.288 A, which realiz-
es a good super-resolution focusing effect.
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Figure 1. Schematic diagram of basic variables for
two-dimensional air column photonic crystals and sil-
icon lenses
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Figure 2. Iso-frequency diagram of TE polarized light in the first
photonic band gap of a photonic crystal
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Figure 3. The relationship between the variation factor m of air hole
size and the equivalent refractive index

B3 m=SAKNEUES m SFHRFHRHXR

DOI: 10.12677/mos.2024.132168 1790 e RSE TR


https://doi.org/10.12677/mos.2024.132168

JiERE %

&2

WFFCAE SRR, AR R -1 I, G AR WK R . W& it Rsoft Z{E AR
L, LSRG AN SR A, R DO R ST S 2 n Y Bl R TR R A A A LAY
TR 2 S FLE AR D $fl . 4 D' = m* D 2R 5 Fl matlab 04, S & 45 %8 m 5 n i o6 230 m = —0.1424n?
—0.5778n + 0.5626. WIl¥ 3(a)Fi7~, B AR MNEFIGE], 40510 SILEAR D AR T2 SfLER D
B H m SR R n R EEX R, 24 m A 0.9567 BIARL G 45 S fLE AR D' N 0.795%a I, ZE3ifr 4
R N-1.

HAL T TE PN 4T 56 238 o A S N 38 ST BT 4B 1 iR AR R IT, 2 BIE AT (R FE RS B 4
KL FHX =GR, @ SR AR, JC IR Je AT S 5015 2 2 S AL EAR R A 3L
m SEHTHR n R SCR . FATBT TN 2 S AL BB S AR AR ) 1 16 25 S AL B AR bR P AR
HHRES G TSR PTLVEIRUN, ERrE B TR — MR AME, SR T Mk g 2w
B, BARER—A, SO E RS PHRARENR . I HRIESIR A 2 AT s2K[23], AR FRERE LT
mn PRI GIN 1 45 S A B KOG A5 e . 2858t B 72 SR A 2 [ 4 B AR G 0N, [R5
N o7 5y B LA BUE s FWHM 380/ . B2 T80 BB I % 18, X — 45550 — = 1Y 7
M E B EDE I RERE T R . A&l 4 s, AEREER S UABE 7T S R ' 1 A AR 45 3T
SRR AR =

L > incident light

Figure 4. Biaxial gradient refractive index distribution mode schematic diagram
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Table 1. Bidirectional gradient negative refractive index distribution pattern
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Figure 5. Imaging diagram with d’ of 0.04 um
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Figure 6. Relationship between radius of curvature and imag-

ing performance of image points
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Figure 7. (a) Focus and final imaging focus path of the silicon lens exit surface under longitudinal
movement; (b) The impact of changes in d’ on focal imaging performance
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Figure 8. (a) The optical path diagram when the exit surface of the silicon lensis d’ = 0.3 pm from the lower surface of the
photonic crystal; (b) The optical path diagram when the exit surface of the silicon lensis d’ = 1.6 um from the lower sur-
face of the photonic crystal
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Figure 9. (a) Diagram of the trajectory of the transverse movement of the silicon lens; (b) Relationship between the lateral
position of the silicon lens, X, and the imaging properties of the focal point; (c) Full width of the half peak of the image point
at X =0.95
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