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Table 1.

coefficients).
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Comparison of optical properties of several phase change materials ( A, amorphous; C, crystalline; %, extinction
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Fig. 1. Overall device structure: (a) Optimized results and device parameters, where Outl and Out2 are the two output ports of the

device; (b) the initial position of the divided pixel grid and the air hole during initialization.
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Fig. 2. DBS Flowchart.
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Fig. 3. Results obtained by simulation for three beam splitting ratios: (a) 1:1 beam splitting ratio achieved for In,Se; in the « state;

(b) transmittance of two ports at 1:1 beam splitting ratio; (¢) 1:1.5 beam splitting ratio achieved by In,Se; in the intermediate

mixed state; (d) transmittance of both ports at 1:1.5 beam splitting ratio. (e) 1:2 beam splitting ratio achieved by In,Se; in the

beta state; (f) transmittance of two ports at 1:2 beam splitting ratio.
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Fig. 4. IL and port balance error obtained from Eq. (3) and Eq. (4): (a) IL of In,Se; in three states calculated from Eq. (3);
(b) port balance error of In,Ses in three states calculated from Eq. (4).
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Fig. 5. (a) Influence of the proportion of o and [ states of In,Se; in the mixed state on the refractive index; (b) variation of the up-

per and lower port splitting ratio in In,Se; phase transition.
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Fig. 6. Perforation of SOI platform and In,Se; designed power beam splitters in achieving the same beam splitting ratio: (a) SOI
platform realizing power beam splitters with 1:1, 1:1.5, and 1:2 beam splitting ratios; (b) Iny,Se; material realizing power beam
splitters with 1:1, 1:1.5, and 1:2 beam splitting ratios; (c¢) IL comparison between SOI platform and In,Se; when realizing each
beam splitting ratio.
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Fig. 7. Effect of air circular hole diameter on the device: (a) IL of In,Sez in « state with circular hole diameter error in the range of
5 nm; (b) IL of In,Se; in intermediate mixed state with circular hole diameter error in the range of 5 nm; (c) IL of In,Se; in 3 state
with circular hole diameter error in the range of 5 nm; (d) the equilibrium error of In,Se; in « state with circular hole diameter er-
ror in the range of 5 nm; (e) the equilibrium error of In,Se; in the intermediate mixed state with a circular hole diameter error in

the range of 5 nm; (f) the equilibrium error of InySe; in the B-state with a circular hole diameter error in the range of 5 nm.
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Table 2.  Comparison of several power splitters reported at present with the power splitter designed in this paper.
SCRik[24] (2017) SCHiK[1](2021) SCRiR[15](2022) This work
Dimension 3.6 pmx3.6 pm Lipper = 80 pm 2.4 pmx2.4 pm 3.6 pmx2.4 pm
Material Si SizNy GSST In,Ses
Type MMI adiabatic tapers MMI
Device 1
Structure
Bandwidth/nm 1530—1560 1500—1600 1530—1560 1540—1560
Adjustable no no yes yes
<08 (151 <021 (1)
Excess loss/dB 0.97 0.02 ) . <0.13 (1:1.5)
<12 (2:1) <017 (1:2)
<1.18 (2.5:1)
Method FSM Numerical simulations DBS DBS
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Ultra-compact In,Se; tunable power splitter based on
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Abstract

Power splitter with multi-mode interference coupler structure has many advantages, such as large
bandwidth and better manufacturing robustness, and has received much attention for a long time. Conventional
power beam splitters usually use algorithms or numerical simulation to achieve a single beam splitting ratio; if
the circuit has the requirement for power, the structural parameters of the device need changing and
recalculating. In order to improve the utilization rate of power splitter in photonic integrated circuit and meet
various demands for different optical paths, an ultra-compact tunable power splitter based on phase change
material In,Se; with a 1x2 multimode interference coupler structure is proposed in this paper. The device
consists of an input waveguide, a coupling region, and two output waveguides with a coupling region of only
2.4 pmx 3.6 pm in size, which contains several circular holes of the same size and is filled with SiO,. The
number and location of circular holes in the coupling region are optimized by direct binary search algorithm,
making the device achieve different power splitting ratios by using only the high refractive index contrast
variation between the two crystalline states (o and () of In,Se; without changing any other structural
parameter. In a wavelength range of 1540-1560 nm, three splitting ratios of 1:1, 1:1.5 and 1:2 are achieved by
this device, and the insertion losses of these three beam splitting ratios are less than 0.27, 0.13 and 0.17 dB,
respectively. In addition, the robustness and balance of the device are analyzed and discussed, and compared
with those of the power splitter of the same size designed by SOI platform and several power beam splitters
reported in recent years, demonstrating the compact structure and simple regulation of this power splitter based
on the phase change material In,Ses, its good robustness, and its possibility of application on photonic

integrated circuits.
Keywords: power beam splitter, phase change materials, reverse design, integrated optics
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