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Operating Characteristics of Photonic Crystal Filters
Based on Micro Resonators

Wu Liheng, Wang Minghong

Abstract In order to design a wideband bandwidth-tunable filter, we design four kinds of filters with two types of
micro cavities through different coupling structures between the waveguide and the micro resonator in the two-
dimensional photonic crystal structure. By means of the coupled mode theory (CMT), we qualitatively analyze the
influences of phase detuning factor and ratio of coupling quality factors on the fiber performances. We use finite-
difference time-domain (FDTD) method to study the transmission spectra of the filter by adjusting rod radii of the
5X5 micro resonators. The simulated results show that the three symmetrical filters have high normalized
transmission (85.3%-99.9%), narrow bandwidth (1.8-5.6 nm), and broad tunable range for extracting peak
wavelength (1308.0-1582.3 nm) at each peak wavelength. Compared with the asymmetrical filter, symmetrical
filters have higher normalized transmission at peak wavelength. The symmetrical structures have potential value in
the designs of optical signal extraction interfaces, optical sensing, and optical interconnection networks.

Key words integrated optics; micro resonator; photonic crystal filter; finite-different time-domain method; coupled

mode theory; phase detuning factor
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(a)(c)(e)(g) resonator 1 with an air cavity; (b)(d)(f)(h) resonator 2 with a rod cavity
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Fig. 5 Normalized transmission spectra of photonic crystal filters. (a) Filter [ ; (b) filter II ; (¢) filter [l ; (d) filter IV
F1ORES T ME¥SH
Table 1  Optical parameters of filter [

Micro resonator 1

Micro resonator 2

Solid line i A AA T /% Dot line T A AX T /%
1 0.140a 1309.0 1.7 35.7 17 0.140a 1459.5 3.4 90.3
2 0.145a 1314.5 1.7 43.1 18 0.145a 1467.4 3.2 93.4
3 0.150a 1327.2 1.6 62.9 19 0.150a 1484.5 2.8 97.0
4 0.155a 1338.5 1.5 79.0 20 0.155a 1499.6 2.1 97.7
5 0.160a 1347.0 1.6 85.9 21 0.160a 1510.1 1.8 91.0
6 0.165a 1354.8 1.6 87.9 22 0.165a 1519.6 1.6 87.3
7 0.170a 1362.2 1.6 86.5 23 0.170a 1527.9 1.6 85.1
8 0.175a 1364.2 1.6 86.4 24 0.175a 1529.8 1.5 80.2
9 0.180a 1376.3 1.6 81.4 25 0.180a 1542.6 1.5 54.8
10 0.182a 1383.1 1.7 79.0 26 0.182a 1549.5 1.5 42.6
11 0.190a 1389.8 1.8 77.3 27 0.190a 1555.9 1.5 32.5
12 0.195a 1396.5 1.5 77.4 28 0.195a 1561.8 1.5 24.5
13 0.200a 1404.8 2.1 78.8 29 0.200a 1568.9 1.5 16.5
14 0.205a 1420.3 2.7 84.4
15 0.210a 1427.5 3.2 88.2
16 0.215a 1438.7 3.8 93.6
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Table 2 Optical parameters of filter [

Micro resonator 1 Micro resonator 2

Solid line ri A AX T /% Dot line i A AL T /%
1 0.140a 1309.9 3.6 99.0 16 0.140a 1459.2 4.4 99.5
2 0.145a 1315.5 3.2 98.7 17 0.145a 1467.1 4.5 99.1
3 0.150a 1328.0 2.5 99.5 18 0.150a 1485.0 4.0 99.3
4 0.155a 1339.3 2.3 99.0 19 0.155a 1500.2 3.1 99.2
5 0.160a 1347.6 2.2 99.0 20 0.160a 1510.6 2.5 97.9
6 0.165a 1355.6 2.2 99.4 21 0.165a 1520.1 2.1 99.4
7 0.170a 1363.1 2.4 99.7 21 0.170a 1528.7 2.0 99.2
8 0.175a 1364.8 2.4 99.4 23 0.175a 1530.6 2.0 98.9
9 0.180a 1377.0 2.8 95.9 24 0.180a 1543.4 2.0 97.4
10 0.182a 1384.0 2.9 94.3 25 0.182a 1550.3 2.0 94.5
11 0.190a 1390.9 3.0 92.9 26 0.190a 1556.7 2.1 92.1
12 0.195a 1397.8 3.1 91.7 27 0.195a 1562.9 2.2 91.9
13 0.200a 1406.2 3.0 91.2 28 0.200a 1570.0 2.2 90.6
14 0.205a 1421.9 2.9 92.5 29 0.205a 1582.3 2.1 85.3
15 0.210a 1429.2 2.9 94.3

* 3 MENA I HOLE S

Table 3 Optical parameters of filter [l

Micro resonator 1 Micro resonator 2

Solid line i A AL T /% Dot line i A AX T /%
1 0.140a 1309.9 2.9 99.8 16 0.140a 1459.2 4.3 96.9
2 0.145a 1315.5 2.7 99.9 17 0.145a 1467.1 4.4 98.3
3 0.150a 1328.0 2.4 99.6 18 0.150a 1485.0 4.1 99.6
4 0.155a 1339.2 2.3 98.2 19 0.155a 1500.2 3.3 98.1
5 0.160a 1347.6 2.4 97.0 20 0.160a 1510.9 3.6 95.9
6 0.165a 1355.4 2.5 95.0 21 0.165a 1520.4 2.2 99.2
7 0.170a 1363.1 2.6 94.0 21 0.170a 1528.7 1.9 96.4
8 0.175a 1364.8 2.7 97.2 23 0.175a 1530.6 1.9 95.4
9 0.180a 1377.1 2.9 95.2 24 0.180a 1543.4 1.8 95.3
10 0.182a 1384.0 3.0 94.3 25 0.182a 1550.3 1.8 94.1
11 0.190a 1391.1 2.9 92.4 26 0.190a 1556.7 1.8 93.3
12 0.195a 1397.8 2.9 94.9 27 0.195a 1562.6 1.9 92.2
13 0.200a 1406.2 2.8 94.3 28 0.200a 1569.7 2.1 91.6
14 0.205a 1421.9 2.8 96.8
15 0.210a 1429.2 2.8 97.5

R4S N OEFESH
Table 4 Optical parameters of filter [V

Micro resonator 1 Micro resonator 2

Solid line ri A A T /% Dot line i A AX T /%
1 0.140a 1308.0 3.6 97.9 16 0.140a 1459.2 3.4 97.0
2 0.145a 1313.5 3.8 99.3 17 0.145a 1467.1 3.6 98.9
3 0.150a 1326.6 3.9 99.6 18 0.150a 1484.2 4.6 99.0
4 0.155a 1338.3 3.6 99.4 19 0.155a 1500.0 5.4 99.4
5 0.160a 1346.8 3.2 99.6 20 0.160a 1510.4 5.4 98.7
6 0.165a 1354.8 2.9 97.7 21 0.165a 1520.2 5.0 98.6
7 0.170a 1362.2 2.6 98.7 21 0.170a 1528.7 4.4 97.9
8 0.175a 1364.0 2.6 98.2 23 0.175a 1530.6 4.3 97.3
9 0.180a 1376.0 2.4 98.2 24 0.180a 1543.4 3.7 94.2
10 0.182a 1382.7 2.5 96.4 25 0.182a 1550.1 3.6 99.9
11 0.190a 1389.3 2.6 95.1 26 0.190a 1556.5 3.6 97.5
12 0.195a 1396.0 2.9 93.8 27 0.195a 1562.4 3.8 94.9
13 0.200a 1404.2 3.4 93.7 28 0.200a 1569.4 4.2 91.5
14 0.205a 1420.0 4.9 94.6 29 0.205a 1581.7 5.2 88.1
15 0.210a 1426.8 5.6 95.5
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