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(a) Three-dimensional structure (b) Cross-sectional view of the coupling region

H1 PBS&MTEA
Fig.1 Schematic diagram of PBS structure

EZBIT  HPW M EEREE 2,08 0.34 pm, TM AR A IS & E 2,5 HPW o Ay —#F, 2,=0.34 pm. K
TORIE TERA B S i) TMACR #3237 — B R REE B TERS & IS, A B8 0.18 pm. A
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Fig.2 Effective indices of the fundamental modes vary with the thickness of the SiO, interlayer. The insets show the electrical
field profiles of the two fundamental modes in the input HPW
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Fig.3 The effective indices of the fundamental modes in HPW and TE/TM-cross waveguides vary with the width of their
waveguides
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Fig.4 The polarization conversion efficiency of TE and TM modes in HPW as a function of coupling length
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Fig. 5 Light propagation of PBS
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Fig. 6  Wavelength dependence of transmission for both TE and TM modes
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P JEEBE N 0.18 pm 572 £ 0.34 pm Y HL3% 40 A, AT LAt B TE AL i R rh R A AN 2 52 0 o 2830 315318
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AR
_ i
|
—_—

h,=0.18um h,=0.34um

(a) Top view (b) Cross view
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Fig. 7 The electric field distribution for the TE mode when the thickness of the waveguide changes
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Fig. 8 Variations of PER and IL in different fabrication tolerance for TE and TM modes
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F—26.1dB, 7E£5nm SiI SEE WA 2ZWE N LW ILE /N T 2.8 dB,PERIE T —22.8dB., fE£5nm
SO, I S R 25 22 3 B B2 09 TL AR /N T 2.7 dB, PERIE T —22.5 dB. I, 3% s 14 B AH 24 iy il
YA 25, HAE S 220 N, a0 i PR R AT
T RACOPEEFIRA S RIS DC K PBS 53 FaE 5L 5 DC 19 PBS Z [H] () PER IL A A K
FEIASHZRERE L . W& LRl VA, 5HIE LT DC I PBS A ™ A SO H (1 PBS
A i PER FSE A TAEW 58, ARG BN 4.6 pm , A &L /N T o5 Hb i AR
#*1 EFDCEZIMAELW PBSHIMERELLE

Table 1 The performance comparison of PBS with different structures based on DC

Reference Structure PER/dB IL/dB Bandwidth/nm  Coupling length/pm

[30] Straight DC <—20 0.5 1 540~1 570 19
[31] Bent DC <—20 ~1 1520~1 600 22.5
[32] Triple Bent DC <—30 <2 1520~1610 13
[33] Triple straight DC <—15 <0.5 1510~1 570 17.7
[34] Triple straight DC <20 <0.35 1 500~1 600 7.67
[26] Triple straight DC <—18 <0.3 1 500~1 600 9.9

This work (theoretical) Triple straight DC <—28.3 <0.92 1480~1 620 4.6

3 it

ASCH M T R T =S ADC IR A 45 B T AR B PBS, B R 19 45 40 T8 T AR R Y
s o A HPW R AR5 i ) 00 i E U 52 19 RO 2 2004k, DA T# 5 AR TE FTM 82X 43 3 #8451 45
HAE A BT, NI & A A HR 53 15 0 SR SD-FDTD Rl 58 85 2RF 1 I X a8 1R PR RE HE 4T 70 FT o AR,
X F TE M TM B R RS K E 435 0 4.2 pum 1 4.6 pm, B30 A9 PCE /] LUK #) 94.7% L I 7 1.55 pm i
TAEW K, TEBE M) PER 1T Lk #] —38.9 dB,IL /N F 0.5 dB; i X TM #50, PER 25 — 34.7 dB, IL {5/ F
0.45dB. 7£ 100 nm ) TAEAF 5 A, TERL X MH OGN T —31.4 dB, TM AU IO /T —32.2 dB. 1E4h,
8T T PBS H =AU SR 2 22U N B PER R IL, 25 SRR IZ a8 B s il i 5 25 . ML 4
B PBS, %4 T = 19 PBS S B 1 AU RE S, BA B 5 2 45 A L e 1 O L A58 AR ol 0 A, 7R k6Ot
A B B R B VA L AT DL R TR —AROG B AR R R i A
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Design of Compact Polarization Beam Splitter Based on
Triple-waveguide Directional Coupler

ZHOU Dongmei, WANG Aihuan, LI Cuiran, WU Xiaosuo, YAN Baowan
(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: In recent years, the silicon-on-insulator platform has attracted much interest in implementing
integrated optical circuits. Due to the high refractive index contrast between the waveguide and cladding,
the silicon-on-insulator waveguide has a strong light confinement ability, which helps the device to achieve
a compact structure size and large—scale integration. However, this high refractive index contrast causes
silicon nanophotonic devices to have high polarization sensitivity so that TE and TM modes have different
propagation characteristics in an identical silicon—-on-insulator waveguide, which may disrupt the optical
signals in optical interconnections and quantum communications. To tackle this problem, one solution is
using a polarization beam splitter to polarize the TM mode and TE mode light. Considering future ultra-
dense photonic integrated circuits, a compact PBS with high performance is desired. Therefore, the hybrid
plasma waveguide is introduced into the design of the polarization beam splitter. The hybrid plasmonic
waveguide consists of a high refractive index dielectric layer (e.g., Si), a metal cap (e.g., Ag), and a thin
low-index material layer (e.g., SiO,) between the Si layer and the metal layer. Compared with the
traditional dielectric waveguide, it has a significant birefringence effect, which can maintain the
performance of the device and further reduce the size of the device.In this paper, we propose and optimize a
novel hybrid plasmonic polarization beam splitter utilizing asymmetrical directional coupling between the
dielectric waveguides and a hybrid plasmonic waveguide on the silicon—on—insulator platform, which is
ultracompact, and low—loss. Employing phase-matching conditions and super-mode theory, this
polarization beam splitter is elaborately designed. The device is a three-waveguide asymmetric directional
coupler. The middle hybrid plasmonic waveguide, which has a dielectric-loaded structure to enhance the
refractive index contrast, is defined as the input waveguide. And different silicon-based waveguides on both
sides are used to couple and separate TE and TM modes. Compared with the traditional polarization beam
splitter based on the directional coupler composed of the same waveguide, this device facilitates two
different types of waveguides to enhance the structural birefringence, which provides the device with an
ultra—short coupling length and high extinction ratio. In addition, the dependence of TE and TM modes on
the middle waveguide is also weakened.In this design of the device, it is necessary to ensure that the input
waveguide and the TM coupling waveguide are phase-matched in the TM mode, but not phase-matched in
the TE mode. In the case of the TE coupling waveguide, the principle of phase matching for TE mode is
similar. The finite element method is used to calculate the mode field distribution and effective refractive
index of silicon waveguides and a hybrid plasmonic waveguide, and then determine the size of each
waveguide according to the phase matching conditions, which provides a basis for device modeling and
simulation analysis. And the 3D finite difference time domain method is used to study the mode
characteristics and optimize the structure of the polarization beam splitter to obtain better performance
parameters. The experimental results show that the coupling lengths for TE and TM modes are 4.2 pm and
4.6 um, respectively, and the polarization conversion efficiency of the modes can reach 94.7% and 95.5%,
respectively. It can be seen from the light propagation of the polarization beam splitter that when the TE
polarization mode is launched from the input side of the hybrid plasmonic waveguide, it is gradually coupled
to the TE coupling port in the coupling region, with scarcely any modes mixing. Similarly, when the TM
polarization mode is input into the hybrid plasmonic waveguide, it is finally coupled to the TM coupling
port. For the TE mode, the polarization extinction ratio value is —38.9 dB and the insertion loss is —0.5 dB
at the wavelength of 1.55 pm. For the wavelength range from 1.48 pm to 1.62 pm, the insertion loss of the
TE mode is less than 0.92 dB, and the polarization extinction ratio is lower than — 28.3 dB. For the TM
mode, the polarization extinction ratio is — 34.7dB, and the insertion loss is 0.45 dB at the wavelength of
1.55 pm. In the 140 nm wavelength range centered at 1.55 pm, the insertion loss of the TM mode is less
than 0.89 dB, and the polarization extinction ratio is lower than —34.6 dB. The above experimental results
mean that the performance of the polarization beam splitter is not sensitive to the wavelength. In addition,
the influence of fabrication tolerance of waveguide in polarization beam splitter on device performance is
also studied. Within the fabrication tolerance range of waveguides, the insertion loss of the mode is less
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than 2.8 dB, and the extinction ratio is lower than — 22.5 dB. The results show that the device has high
fabrication tolerances. In summary, the polarization beam splitter designed in this paper has a high
extinction ratio, low insertion loss, and the coupling length is only 4.6 um. It has great potential application
value in the ultra-—small silicon—based optical integrated circuits in the future.

Key words: Integrated optics device; Polarization beam splitter; Finite difference time domain; Optical
waveguides; Extinction ratio; Insertion loss
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