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Coarse wavelength-mode-division hybrid multiplexer/
de-multiplexer of photonic crystal

JI Ke', CHEN He-Ming”"
(1. College of Electronic and Optical Engineering & College of Microelectronics,
Nanjing University of Posts and Telecommunications, Nanjing 210023, China;
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Abstract: In this paper, based on photonic crystal (PC), a coarse-wavelength-mode-division hybrid
multiplexer/de-multiplexer is proposed. The coarse wavelength division multiplexing (CWDM) and
mode division multiplexing (MDM) can be integrated on a chip of PC. According to coupled mode
theory in time, point-defect cavities and wavelength-selective cavities were introduced in the PC to fil-
ter the optical wave. According to the lateral coupled mode theory, asymmetric parallel waveguides
(APWSs) consisted of single-mode waveguides (SMWSs) and multi-mode waveguides (MMWSs) were
introduced in the PC to achieve mode conversion. The finite-difference time-domain (FDTD) method
is used for property analysis. The simulation results show that the device achieves the multiplexing/de-
multiplexing of four signals, i.e. , the 1550 nm TEO mode, 1570 nm TEO mode, 1550 nm TEI mode
and 1570 nm TEl mode. The device exhibits not only a low insertion loss ( <0.23 dB) but also low
mode crosstalk ( < —15.21 dB). It has considerable potential for application in the CWDM-MDM
system and great value to improve the capacity of metropolitan area network.
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Fig. 10  Steady field intensity distribution for de-multi-
plexing of (a)the TEO mode at 1550 nm, (b) the TEO
mode at 1570 nm, (c)the TEl mode at 1550 nm, (d)
the TEl mode at 1570 nm
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Table 3 Insertion loss of the TE) mode and TE1 mode at 1
550 nm and 1570 nm for de-multiplexing
1550 nmTEO 1570 nmTEO 1550 nmTEI 1570 nmTEl
ffAEE/ dB 0.25 0.05 0.08 0.18

*4 fREFAR1550nm 1 1570nm Y TEO 450 TE1 (4
EE B
Table 4 Crosstalk of the TE0 mode and TE1 mode at 1550
nm and 157 Onm for de-multiplexing

GIEHIE/dB 1550 nmTEO 1570 nmTEO 1550 nmTEI 1570 nmTEl
1550 nmTEO -20.39 -32.28 -44.71
1570 nmTEO -22.08 -51.60 -31.40
1550 nmTE1 -33.89 -52.81 -21.32
1570 nmTE1 -44.95 -29.99 -15.21

H13% 3 Mg 4 nT LU L, % 52 FIIE, S0 Ao A
BUEHIME T 0.25 dB, {5 #4044/ T - 15.21 dB,
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Fig. 11 Insertion loss of the four signals versus the radius
of R, and R, for (a) multiplexing, (b) de-multiplexing
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Fig. 12  Crosstalk of the 1550 nm TEO mode versus
the radius of R, and R, for (a) multiplexing, (b) de-

multiplexing
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Fig. 13 Insertion loss of the four signals versus the width
variation of G for (a) multiplexing, (b) de-multiplexing
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Fig. 14 Crosstalk of (a) the 1550 nm TEl mode, (b) the
1570 nm TEl mode versus the width variation of G for multi-
plexing, crosstalk of (c¢) the 1550 nm TEl mode, (d) the
1570 nm TEIl mode versus the width variation of G for de-mul-
tiplexing
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