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Abstract: Based on the resonant coupling principle between the defect mode of a ring resonator and the
line-defect waveguide, a four-channel Wavelength Division Multiplexing (WDM) system was designed
by using the 2D triangular lattice photonic crystal. This system was composed of a line-defect
waveguide, ring resonators and 60° bend waveguides. The band structure of the line waveguide was
investigated by the plane-wave expansion method. The transmission characteristics of light wave with
different frequencies in the system were simulated by the finite difference time domain method, the
effects of factors on output efficiency and quality factor were analyzed and the system was improved.
The analysis shows that the resonance frequencies depend on the radius of the dielectric rods. It is
demonstrated that the transmission efficiencies of the system is improved greatly by changing the
shapes of dielectric rods in the coupling region and adding the reflection dielectric rods at the end of
bus waveguide. The numerical results indicate that the system has the ability to achieve the WDM for
different wavelengths, and the transmission efficiencies of all the resonance wavelengths are still
above 90%. The system is a simple structure and easy to be fabricated and processed. Moreorer, it
has a smaller size, and could be large-scale integration.
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Fig. 1 Dispersion relations of a line defect



694 e KE TR

5 23 &

ESE R 4 = AL AR B R Y
IIEA BAE KL 1 A 2N B I . N A
6 AN A, BB ISR E T RS S
TS B AR A S R G, A 2 ()
Fiis o U A A i itE A R T T A B
fIAE U5 T 0. 365~0. 490 (IR BARD) (1456 %
FEPE T P T JC B AR M AL G . #5120 B B 2O
(AR 5 PR IE 188 iR S 1 2 41 A0 32 — 30, W 3R O 38
e Jis 55 19 3 vl 1 G e A = T 7 A s B o
PRAE MR 8 I & 5 H IR R — 3
(60 I F2 3 T R A B R B T b, RS i
WL BE 5 1M 5 PRI 6 45 00 3 AN — 35RO i I 4%
1E T EHAT,

B 2(a) i T B Il SRR R A 25 1 R B R
AR T IR T B S 3 AN
I PR P9 A R AR = 0. 15a. R
FDTD %% 2450 347 5 B H 50, el i 4R 158
SUCFE IR (PML) . 76 £ S5 A A i E
1o 00 A5 R L IS — Ak O SR 0. 40, TE K
0. 05, 7E T 2k T4 iy C CE Ty 2R 800 25 LA
A SRS Y R FDTD Al 45 2 A 5 3 600 %
N By 38 R 7 S U B i s Dy S, Y i 2y ik
B UL A 2 % B e] 75 31058 G 1% . vH S5 SR ]
2(b) itz , W] LR I8 I 2 A SRR R, K
F=0.410 9 VBN HAR A HAH IO I 1Y 2 5t %
HAT 37 %, Ul B R = o 11 20 35 PR i L4 4
B AR IR BT Hh ROR ARG iR TR 2 D
—F e T RE RN E W FH B B .
2(0) Y f=0.410 9 B, E. BI040 1A,

.....................

oooooooooooooooooooooo
ooooooooooooooooooooo

----------------------

ooooooooooooooooooooo

oooooooooooooooooooooo
------------------

oooooooooooooooooooo
oooooooooooooooooo

ooooooooooooooooooooo
oooooooooooooooooooooo
ooooooooooooooooooooo

(a0 P I s IEARAR 5 S5 7R R A

(a) Configuration of waveguide-ring resonator
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Fig. 2 Design of waveguide-ring resonator and its properties
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(a) Structure of waveguide-ring resonator with reflection

dielectric rods at end of bus waveguide
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Waveguide-ring resonator with reflection dielectric

rods at end of bus waveguide and its properties

Xt L T 25 K 14 5 45 SR T RS A AR
R 10 DA M 2 i 1 S B M IR A 5 4 R 2K
e S i o v ) i AR

3 2@y iR Bkt

BT ARG AR SO T 2l W EZ H
AR 4 () Rl 1A S A4 DB
JELL e 4 A 60745 i S Al . 32U T 0 ok B B —
Hezs AR A R i & T A AR & T
BT I R 2 AR 2R ALY R, R 0
S ROk Y B DS AR AL 607 I R X HOE
JEE o PR A TR AR AN [R] TR s ) 98 HR 40 % 3k R
[ o JF: Bt T A A JB0AT: 2 A2 1 00 T 0 /) o578 3R
A B A Y 24 2 B AT AR 25 B b ok 728 FR O B 11
BRI B H n = 0. 15a, n, = 0. 17a, r, =
0.19a,r,=0. 21 a, fEAHIEE N BRI EAR, o
HEh s B FIH FDTD 35 4 AT #iE 5ok
I (038 S 1% TR A SR A TR, BRI IR
HERE N 1 =0.15a,»=0.17a, s =0. 19a, r, =
0. 21a BUFRIE I 4T L 25 4 S IR AR L 2 A1 4 )
. f1=0.410 9, f,=0.408 2, f;=0.405 9, f, =
0.404 4, BEE r 3G, IRIE I N Y S5 58000 L
B R AR A A o R R IR IR A RS 5
T 50 A — 2. A& 4 (b)) BF R, 18 U3 — 4k 4 %
0.400~0. 415 4 4 A BLH B 75 55 06 , & 700 325 G
Rk 80% LL b, WHRE a=650 nm, | 4 4~
PR M Xt A4 =1 581, 9 nm, A =
1592.3 nm, A =1 601. 3 nm, A, = 1 607. 3 nm
A PRKAE, BEH £=0.405 9 N HAR R, E.
HL G o0 A AN 4 (o) i . W] DA H S 30000 38 1) 4
P13 ) Rl 1+ VAR e ) 2 SN 2N A 1 T s o
r=0. 19 af I8 i Sz 5 FAR B9 T 20k b, 7
HoAth 3 I KT #00 T b iR 0O RE
LT AT LL 200, vl W], B T Ok IO i Ak
I HE 5 5 1 1) 22 30 3 38 G O T 4 T DA I i S B
R 4 ARG W ST S T RE



696 = K Y

5 23 &

R R R R R A Y

AR R R R IR

" e e

.........-()utpull--......()ulputz.......-()‘ulpufB--......()ulpum..-......

ERCR I R R R RO
I I B R

(D FEF bk i A H R 54

PRI R s e e e e

A ]

(a) Structure of photonic crystal WDM system
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Tab. 1  Results of parameter optimization of dielectric
rods in coupling region
x y Resonant frequency Transmission/ %
0.10a 0.225 0a 0.411 2 93.4
0.12a 0.187 5a 0.410 9 91.7
0.14a 0.160 6a 0.410 9 87.9
0.15a 0.150 0a 0.410 9 85.1
0.16a 0.140 6a 0.410 9 63.4
0.18a 0.125 0a 0.410 9 55.7
0.20a 0.112 5a 0.411 4 88.8
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Fig. 5 Schematic of dielectric rods in coupling region
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