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Investigation on slow light in composite-structure
photonic crystal coupled-cavity waveguide

LIU Wenkai', SUN Yao®, DONG Xiaowei’
(1. College of Computer Science, North China University of Technology, Beijing 100144, China; 2. College of Electronic and In-
formation Engineering, North China University of Technolgy, Beijing 100144, China)

Abstract: In order to design a photonic crystal waveguide which can propagate slow light with wide band and low
dispersion, on the basis of photonic crystal structure of triangular lattice dielectric cylinder, the periodic arrangement was carried
out using circular scatterers and elliptic scatterers. Plane wave expansion method was used to simulate the designed coupled cavity
waveguide. The results show that the maximum group velocity of guided mode decreases from 0. 035¢ to 0.01¢ by changing long
axis R, of oval scatterers in defect line. The group velocity can be further decreased when short axis R, in defect line is changed.
Further study shows that by changing area ratio of two scatterers of the first row around the microcavity, the maximum group
velocity is reduced to 0.0065¢, and low dispersion slow light with wavelength range of 3. 25nm was gotten. When the designed
coupled cavity was used in optical buffer, cache time of 76. 82ps and the maximum ache capacity of 15.56bit can be achieved.
The research has reference value in the design and application of novel devices based on photonic crystal waveguides.
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Fig. 1  Structure of photonic crystal coupled cavity waveguide
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Fig.2 a—TM mode band diagram of structure in Fig. 1 b—group velocity

of guided mode in Fig.2a
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Fig.3 a—relationship of frequency and wave number with different R,

b—relationship of group velocity and frequency with different R,
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Fig.4 Relationship of group velocity and frequency with different R,
i TR AT DUR L TEIZE G ai b 1E
ZBR—ATA BRI B B B 5 3 9T S
AV 1530 e B A 1) 254 2 B T LA S50 R IR S A A S T
I HL AR 5] gfe B A e (098 DR A0 Tm] ek, S A 7 s
AR [ AT [ RS 8, 3 — L 5 225 3Gk [ 1S ] o
MIZEIBZEML . (HE T A5 A1 B AL 2 B [A] , (75
PSS 2 1 () B A IUREA B AN [], a0 F iR &5
R4 R AE Z it I R B2 AR R St/ , T 2 1R
/N FR B T A
1.3 1 HPEABREE ERES T8RRI
AT TR 3 R B B RO T R 254 2 i X g
JGPERERYSZ M o 275 SCHR [ 16 ] rb i 2o K5 i R 5 15
B IEE BB Jei B, S — 2D RRAIR T RERE . DIy,
WkPE1T R, =0.43a,R, =0. 18a, & XK 1 W ELAE
PR B A S B A B i TR 3 R S, S, R
A0 BT AE AT AR TROR B AR /N o S/ S, IR LLAE N
1.40 {15 S./S, RYIELIN 1. 46 JT45, L 0. 03 FY[a]FF
W/NE] 1,28 % Y SR 2R & Sa i, 4 S/,
PRI/ NI, SR v OB 3857 8 [ g 5 )5 1) B 2, A
ARG, [R]85 5 A7 R0 SE B 2 987N o S./S,
{E A — PR 1O A i i e ek, A5 A8
NG AT AEFEE @ BN (group velocity dispersion,
GVD) . M 0 BB N, DG I A8 5 15 P A% i
S AR APk R SEI R, W 2 B R AL B, =
I/ dw = dn/da - (1/c) R FE L ) (R E

0.016¢ a

S§/8=1.37 1
- S/S=1.34
2*0.012¢f §/S=1.40 € s i
.é‘ [ s
—% 0.008c
>
s
o
g 0.004
0.000c 0374
normalized frequency
4 . - - -
3 b
= ) S/8=1.46
E S/S=1.43
5 1 /S=1.40 S/S=137
£ 0 -
<
= -

5, $/5=134
5_ /§=1.31
-3 —

/S5=1.28
4 4 s " L s "
703705 03715 03725 03735

normalized frequency
Fig.5 a—relationship of group velocity and frequency with different S_/S,
b—relationship of GVD and frequency with different S_/S,
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Table 1 ~ Slow light property with the change of parameters

parameters in defeat line

S./S Ao/ nm n,

el Vs

AA/nm  Npgp

R, R,
0.47a 1568.42 81.44 5.60 0.2910
0.45a 1563.89 99.09 5.50 0.3482
0.43a 0. 20a 1560.71 105.97 5.13 0.3484
0.41a 1558.18 103.06 5.25 0.3476
0.39a 1.40 1555.72 92.79 5.81 0.3470
0. 19a 1556.94 116.04 4.67 0.3480
0. 18a 1553.63 122.69 4.40 0.3475
0.17a 1555.05 124.12 4.33 0.3469
0. 16a 1547.39 118.48 4.51 0.3460
0.43a 1.40 1553.63 122.69 4.40 0.3475
1.37 1552.92 142.44 3.79 0.3479
0. 18a 1.34 1552.30 166.00 3.25 0.3480
1.31 1551.77 191.34 2.36  0.2917
1.28 1551.29 223.80 2.02 0.2918
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Table 2 Buffer property with the change of S, /S,

R,,R, in defeat line S/S5 Vg ma/ € 0 C/bit  T./ps

1.40 0.0088 353.01 15.52 56.78
1.37  0.0076 409.46 15.55 65.92
R,=0.43a,R, =0. 18a 1.34  0.0065 476.92 15.56 76.82
1.31  0.0056 655.90 13.75 88.56
1.28 0.0047 766.92 13.06 103.57
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