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Abstract Routing scheme of a kind of polymer five-port optical router is proposed. and it can optically route four

channel wavelength data streams along certain definite-path in two-dimensional (2D) plane, owing to the resonance

function of cross-coupling two-ring resonators with four different ring radii. Due to the large contrast between
polymer core refractive index and the left/right cladding index, the four ring radii are as small as 14 pm, and the

mode amplitude bending loss is as low as 10~ * dB/cm. Under the case of lights with different wavelengths inputting
into different ports, the relationships between wavelength and routing path are derived. Simulation results on the
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power consumption, low crosstalk and insertion loss. simple processing technology and low cost, the proposed device
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device reveal that the insertion losses of each channel wavelength along each routing path are within the range of
0.03~0.62 dB, the maximum crosstalk between the on-port along each routing path and other off-ports is less than
—39 dB, and the device footprint size is about 626 pm X495 pm. Compared with the previously reported silicon
optical routers, this device possesses similar ring radius and similar device size. In addition, because of zero static
shows potential applications in optical networks-on-chip (NoC) .
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Fig. 1 (a) Structure of the cross-coupling two-ring resonator; (b) cross-section view over the coupling region between

the MRR waveguide and the channel waveguide
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Table 1 Optimized parameter list of the basic MRR routing element

Parameter Value Parameter Value
Core thickness 7 /pm 1.7 Resonance order m 85
Channel core width w./pm 2.03 Transmittance coefficient ¢ 0.99624
MRR core width w,/pm 1.7 Coupling coefficient « 0. 08664
Buffer thickness ¢, /pm 2.0 Coupling gap d /pm 0.14
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Fig. 2 Structure of the five-port polymer MRR optical router
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Table 2 Resonance wavelengths and ring radii of

the four basic routing elements

Channel Channel Ring Mode effective
number wavelength /nm  radius /pm index
1 1550 13.756 1.52431
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Fig. 4 Spectral characteristics of the four basic routing elements whose resonance wavelengths are (a) 1550 nm,

(b) 1552 nm, (c) 1554 nm and (d) 1556 nm
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Table 3 Loss parameters of the four routing elements at the four channel wavelengths under on and off states (unit; dB)

Channel wavelength number j

1, on 1, off 2, on 2, off 3, on 3, off 4, on 4, off
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Routing element ¢ ~
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4 0.002 41. 878 0.002 41,788 0.001 42.898 0.570 53.813
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Table 5 Comparison among the reported 4 X4 and 5X5 silicon channel wavelength routers and the proposed

5X5 polymer optical router

Device /Ref. Material ~ Ring radius /pm Routing type PC /mW Device area /mm? CT or ER /dB
4 X4 router /[17] Silicon 10 TO active 6.5 0.16 >20 (ER)
4 X 4 router /[ 4] Silicon 10 TO active Not shown Not shown >8 (ER)
4 X4 router /[9] Silicon 10 TO active 10. 37 Not shown <—13 (CT)
5X5 router /[18] Silicon 10 TO active Not shown 0. 29 >16 (ER)
5X5 router /[ this] Polymer 13.7~13.9 Passive 0 0. 31 <—39.6 (CT)
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