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Abstract: As wavelength division multiplexing/de —multiplexing devices, etching diffraction gratings
(EDGs) are promising to be widely used in the optical communication systems. A new kind of EDG
was designed and fabricated on silicon on insulator (SOI) platform with top silicon layer of 220 nm,
which applied hexagonal —lattice air —hole photonic crystals as its reflection mirrors. Simulated results
show that compared with the traditional EDGs based on stepped —grating reflection mirrors, the EDG
based on photonic—crystal reflection mirrors could reduce the fabrication difficulty, decrease the insertion
loss and realize the polarization maintenance theoretically. Afterwards, the EDG based on photonic —

crystal reflection mirrors was fabricated with one step of deep ultraviolet lithography (DUVL) and one
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step of inductively coupled plasma

(ICP) etching. The measured results show that the insertion loss of

the device is 9.51-11.86 dB, and the crosstalk of it is 5.87-8.72 dB, which can be further improved by

optimizing its fabrication process and optimizing the location of the output waveguides.
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Fig.1 Schematic diagram of the EDG based on reflection
stepped grating (a) and its structure of the stepped

grating
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Fig.2 Structural diagram of the EDG based on hexagonal—

lattice air—hole photonic—crystal reflection mirrors
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Tab.1 Structural parameters of the EDG based

on photonic—crystal reflection mirrors

Parameters Symbols Value
Central wavelength/nm Ao 1 550
Channel spacing/nm AA 1.6
Input/output channel number Ni/N, 1/8
Grating constant/pm d 9.45
Angle of incidence/emergence/(°) alB 39/35
Diffraction order m 21
Lattice constant/mm a 400
Radius of the air hole/mm r 120
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Fig.3 Effective refractive index of waveguides with different

polarizations under different waveguide widths
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Fig.4 Energy band diagram of the TE and TM modes in

hexagonal-lattice air—hole photonic crystals
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Fig.5 Optical field propagation of EDGs based on stepped—
grating reflection mirror (a) and photonic—crystal

reflection mirror (b)
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(a) Overall-structure micrograph of the fabricated EDG
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(b) Micrograph of the junction between the input/output
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(c) SEM photograph of the photonic crystal reflection mirror
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Fig.6 Micrographs and the SEM photographs of
the fabricated EDG
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Fig.7 Measured spectra of the EDG based on photonic—crystal

reflection mirror

MR S5 R ml DL Y, IZEDG B A R Ry &
o, X —Tr R T AR 2R A, S — T T, R
o T 2B ARG R T 22 3C(4) A FE AR i Al
2 IO i R T R 1 S

n,, -d-sina+n,. +d-sinf3
= et eff
An_ effn ejn (7)

M AT LA 3

Moy =Ny )+ Ay * S
A=A = ( etf0 ~ Megpn ) 0 sinf3 (8)
N, * (sina+sinf)

EDG ) H M1 & & X A7 78 2 8L ] — P K A [
[ QD == RS T 7 N % o N [ R 7
Hh U R AR A T 5 & B R L i P i
— [a) 3, Ji5 22— 5 1 ) LAGE o 4k 2k g T8 &
INT R, 55— 7 i n] AR e A O 0 A
Jay Al B=0° AR A K (8), T 15 A —A, =0, BR7E[R]
—E R A E, RS SRS B A M
) 1 38 4, DT, A% i ok 8 b 38 1 v B BN AN &
51 B i) 45 FE B R A

3 &
SCHR TR T T E A JE N 220 nm B9 SOI ik

TEIEHIE T —FhoRr B 0 2] AT SO, A A TR S
(49 R FH B 5 =2 B A6 DG A A S 3 5% 1) EDG, SC i
1) EDG i i 51 A 7S f di kg 25 AL DG 7 IR R R
HR e, 738 bl DU RCBE AR 25 2 i il AE T2
M B2 OF B A 28 00 09 3 A TURE | [) B ] A S B g 4 D
PR 5 o RS SCR AR — 2B R A6 21 T2 I
— & ICP Z0 0l T2 HIE T4, il 25 R R 0, %
F T iR RS B 20 il A SO e L L RE
9.51~11.86 dB, # 4k 5.87~8.72 dB, Féiﬂbl‘%

A T2 AR A s B e A e, PR
arfF I PERE .

S E MR

[1] Tan Ying, Wu Hao, Dai Daoxin. Silicon-based hybrid
(de)multiplexer for wavelength—/polarization—division—
multiplexing [J]. Journal of Lightwave Technology,
2018, 36(11): 2051-2058.

[2] Xu Siyu, Zhang Zhaojian, He Xin, et al. Plasmonic
triple —wavelength demultiplexing structure based on
metal —insulator —metal waveguides side —coupled with
nanoring cavities [J]. Infrared and Laser Engineering,
2018, 48(2): 0221001.

[3]  Yuan Pei, Wang Yue, Wu Yuanda, et al. Design and
fabrication of wavelength tunable AWGs based on the
thermo—optic effect [J]. Chinese Optics Letters, 2018,
16(1): 010601.

[4] Imran A B, Doerr Chiristopher R. Interleaved silicon

091600525



bl ok TAR

% 9 M www.irla.cn % 48 A
nitride AWG spectrometers [J]. IEEE Photonics grating demultiplexers [J]. Journal of Lightwave

(51

(6]

(71

(81

Technology Letters, 2019, 31(1): 90-93.

Li Kaili, Zhang Jiashun, An Junming, et al. Design and
fabrication of 25-channel 200 GHz AWG based on Si
nanowire waveguides [J]. Optoelectronics Letters, 2017,
13(1): 241-244. (in Chinese)

Liu Zhiming,

Chen Kunfeng, Gao Yesheng, et al.

Determination problem of mode effective refractive

index in the free propagation region of AWG [J].

Infrared and Laser Engineering, 2013, 42 (8): 2146-
2149. (in Chinese)

Chen Xin, Wu Aimin, Qiu Chao, et al. Etching
diffraction grating of silicon substrate and design of
flatten [J]. Laser Technology, 2017, 41 (3): 361-366.
(in Chinese)

Shi  Zhimin, He Jianjun, He

Sailing. A hybrid

diffraction method for the design of etched diffraction

[91]

[10]

[11]

[12]

0916005=6

Technology, 2005, 23(3): 1426-1434.

Wang Xiaoxin, Liu Jifeng. Emerging technologies in Si
photonics [J]. Journal of Semiconductors, 2018, 39(6):
061001.

Li Ming, Zhang Lin, Tong Limin, et al. Hybrid silicon
nonlinear photonics [J]. Phtonics Research, 2018, 6(5):
B13-B22.

Brouckaert Joost, Bogaerts Wim, Dumon Pieter, et al.
Planar concave grating demultiplexer fabricated on a
nanophotonic silicon—on—insulator platform [J]. Journal
of Lightwave Technology, 2007, 25(5): 1269-1275.
Feng Dazeng, Qian Wei, Liang Hong, et al. Novel
fabrication tolerant flat —top demultiplexers based on
etched diffraction gratings in SOI [C]//2008 5th IEEE
International Conference on Group IV Photonics, 2008:

386-388.



