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Study on the filter based on photonic crystal 1 x3 cavity
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Abstract; In consideration of the phase difference between the reflected electromagnetic wave and inci-
dent electromagnetic wave in the input waveguide of the filter, operational performances for different
design conditions are analyzed by the coupled mode theory (CMT) , then the filter structure based on
photonic crystal 1 x 3 cavity is optimized. The characteristics of the filter are studied by using the
FDTD method. Average peak wavelength normalized transmission of the 96 pass-bands obtained by ad-
justing locations of the tuning rods below 1 x 3 cavity is up to 89.6% . Average spacing between adja-
cent peak wavelengths is 1. 25nm. Average band width of the filter and average quality factor of the
cavity are 1.19 nm and 1 350. 2, repectively. Tunable ranges of the dropping peak wavelengthes are
between 1 534.04 nm and 1 653. 16 nm. The results show that the filer has the characteristics of high
normalized transmission, narrow band width, and stable wavelength signal dropping intensity etc. This
structure has potential value in the designs of dense wavelength division demultiplexing ( DWDDM )
system, optical sensing device, and dense optical path integration etc.
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Fig.1 Normalized transmission of the filter as a func-
tion of phase difference for different structural parame-
ter ratios of 7,/7, and 7,/7,
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Fig.2 Normalized reflection of the filter as a function
of phase difference for different structural parameter ra-
tios of 7,/7, and 7,/7,

2 ETRFRE <3 EIRERIKE

TE s H B0 a =580 nm,20 x 23 1E A& i
FESEF i R o A 2= 48 0 HL A X A o R B i ol
0.2a F1 12, g (0, X AR 25 R, 5 A IR
B FEH PSR L BR 3 S BAEIE 1 x 3 1 4R
JEE , AR A PN 85 B 7 [ FHK - J7 18] 2% 50 E — 't

Normalized loss

AWN—OOOO
A=

B —
SO

8
O/rad
(¢) =4

(d) 717=8

Fg] 3 Z:IE] 7'1/7'0 *u 7'1/7'2 éﬁﬁ]%ﬁ( ttﬁ&%?i%%
JEE IE AL HURE A BAR 3 22 1 A2

Fig.3 Normalized cavity loss as a function of phase
difference for different structural parameter ratios of 7,/

7o and 7,/7,
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Fig.4 Optical filter structure based on photonic crystal
1 x3 cavity
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Fig.5 Normalized power transmission spectra of the filter at
varying locations of the 1 x3 tuning rods below the cavity
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Table 1 Output optical parameters of the filter at varying
locations of the 1 x3 tuning rods

Channel

(1-24) A/nm d/nm T AMA/nm Q
1 1653.16  348.0 71.7% 1.04 1589.6
2 1650.18  359.6 74.4% 1.07 1542.2
3 1646.96  371.2 80.0% 1.10 1497.2
4 1 641.61 382.8 84.5% 1.12 1465.7
5 1637.60 394.4 88.1% 1.14 1436.5
6 1632.68  406.0 92.9% 1.15 1419.7
7 1629.16 417.6 95.2% 1.15 1416.7
8 1624.29  429.2 96.7% 1.17 1388.3
9 1619.30  440.8 97.7% 1.18 1372.3
10 1614.79 452.4 98.2% 1.18 1368.5
11 1608.67 464.0 97.3% 1.19 1351.8
12 1 605.25  475.6 96.2% 1.20 1337.7
13 1599.79  487.2 94.7% 1.22 1311.3
14 1594.36  498.8 92.9% 1.25 1275.5
15 1 589.41 510.4 91.4% 1.27 1251.5
16 1582.62 522.0 89.6% 1.30 1217.4
17 1579.02  533.6 89.2% 1.31 1205.4
18 1573.31 545.2 89.5% 1.30 1210.2
19 1567.36  556.8 90.2% 1.27 1234.1
20 1562.15  568.4 91.6% 1.23 1 270.0
21 1555.44  580.0 91.5% 1.18 1318.2
22 1551.28 591.6 89.9% 1.16 1337.3
23 1545.35  603.2 86.0% 1.14 1355.6
24 1539.20 614.8 79.8% 1.13 1362.1
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Fig.6 Normalized power transmission spectra of the filter at
varying locations of the 1 x3 tuning rods below the cavity
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Table 2 Output optical parameters of the filter at varying
locations of the 1 x3 tuning rods

?}lmgzgl Amm d/nm T AA/nm 0
1 1652.84  350.9  71.5%  1.06  1559.3
2 1648.30  362.5 76.4%  1.09  1512.2
3 1645.34  374.1  79.9%  1.11  1482.3
4 1640.84 385.7  85.4%  1.13  1452.1
5 1636.20 397.3  89.5%  1.14  1435.3
6 1632.21  408.9  93.9%  1.14 14318
7 1627.03  420.5  96.3%  1.15  1414.8
8 1623.38  432.1  98.0%  1.16  1399.5
9 1618.39 443.7  98.9%  1.16  1395.2
10 1613.29 455.3  97.9%  1.18  1367.2
11 1608.67 466.9  97.0%  1.20  1340.6
12 1602.74 478.5  95.0%  1.22  1313.7
13 1598.91 490.1  94.1%  1.23  1300.0
14 1593.34 5017  92.0%  1.26  1264.6
15  1587.82 513.3  90.7%  1.28  1240.5
16 1582.76 524.9  89.5%  1.30  1217.5
17 1575.88 536.5  89.7%  1.31  1203.0
18 1572.17 548.1  89.3%  1.30  1209.4
19  1566.37 559.7  91.1%  1.26  1243.2
20 1560.46 571.3  92.4%  1.21  1289.6
21 1555.16 582.9  91.2%  1.18  1317.9
22 1548.38  594.5  88.2%  1.15  1346.4
23 154426  606.1  84.3%  1.15  1342.8
24 1538.25 617.7  78.1%  1.15  1337.6
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Fig.7 Normalized power transmission spectra of the filter at
varying locations of the 1 x3 tuning rods below the cavity
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Table 3 Output optical parameters of the filter at varying
locations of the 1 x3 tuning rods

((3111‘312(;1 A/nm d/nm T AA/nm Q
1 1651.59  353.8 73.0% 1.06 1558.1
2 1647.99  365.4 77.2% 1.09 1511.9
3 1643.01  377.0 82.9% 1.11 1 480.2
4 1 640.07  388.6 86.2% 1.13 1451.4
5 1635.44  400.2 90.8% 1.14 1434.6
6 1630.69  411.8 93.8% 1.15 1418.0
7 1 626.57 423.4 97.1% 1.15 1414.4
8 1621.11  435.0 97.6% 1.17 1385.6
9 1617.49  446.6 98.6% 1.16 1394.4
10 1612.40  458.2 97.4% 1.19 1355.0
11 1607.03  469.8 96.8% 1.20 1339.2
12 1602.30 481.4 95.3% 1.21 1324.2
13 1596.41  493.0 93.9% 1.24 1287.4
14 1592.32  504.6 91.8% 1.26 1263.7
15 1586.80 516.2 90.5% 1.29 1230.1
16 1581.03  527.8 88.7% 1.31 1206.9
17 1576.02  539.4 89.1% 1.31 1203.1
18 1569.48  551.0 90.2% 1.29 1216.7
19 1565.38  562.6 90.2% 1.26 1242.4
20 1559.48 574.2 91.4% 1.22 1278.3
21 1553.50 585.8 91.0% 1.17 1327.8
22 1548.11 597.4 88.3% 1.14 1358.0
23 1540.70  609.0 81.1% 1.14 1351.5
24 1537.02  620.6 77.3% 1.14 1348.3
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FEITE 71.4% ~98.9% , &4t 56 AN JFILE 1. 04 ~
131 nm, 3% 8% J8E o B2 A8 Q Y8 Bl 1 201.8 ~
1.589. 6, AHABUE B P-4 [E]BR A 1. 25 nm TR I
S B R R B 1350. 2 35 1E BLAL MG R R



6 1 SRt % T T A | x3 IR IR A 1T 67

HULIN—=\OCOINNRLY
==\ OO~V LINI—

NN I\ ot ok o ok o k-

k=)
7
7]
=
g
7]
=
=l
@
o
=
=
g
=)

1500 1550 1 600 1650

Wavelength //nm

P8 BUBIEHRIE T 1 x 3 83 A: A A5 3 08 I #5254 1
IEMAE T AR AL i

Fig.8 Normalized power transmission spectra of the filter at
varying locations of the 1 x 3 tuning rods below the cavity
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Table 4 Output optical parameters of the filter at varying
locations of the 1 x3 tuning rods

((:}116?21:;1 A/nm d/nm Ty AX/nm Q
1 1 650.80  356.7 74.0% 1.07 1542.8
2 1646.74  368.3 77.3% 1.13 1457.3
3 1643.01  379.9 82.5% 1.12 1 467.0
4 1637.75  391.5 88.3% 1.14 1436.6
5 1634.67  403.1 91.5% 1.14 1433.9
6 1629.92  414.7 95.7% 1.14 1429.8
7 1625.05 426.3 97.8% 1.15 1413.1
8 1 620.66  437.9 97.9% 1.17 1385.2
9 1614.79  449.5 98.6% 1.17 1380.2
10 1611.36  461.1 97.1% 1.19 1354.1
11 1 606.14  472.7 97.2% 1.19 1349.7
12 1600.82  484.3 95.2% 1.22 1312.1
13 1595.97  495.9 93.3% 1.24 1287.1
14 1589.85  507.5 91.6% 1.27 1251.9
15 1585.79  519.1 90.3% 1.29 1229.3
16 1580.17  530.7 88.8% 1.31 1 206.2
17 1574.31 542.3 89.4% 1.31 1201.8
18 1569.05 553.9 90.0% 1.28 1225.8
19 1562.57  565.5 91.1% 1.24 1260.1
20 1558.37 577.1 92.0% 1.20 1298.6
21 1552.39  588.7 90.6% 1.16 1338.3
22 1546.32  600.3 86.0% 1.15 1344.6
23 1 540.97  611.9 81.8% 1.14 1351.7
24 1534.04 623.5 73.0% 1.15 1333.9
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Fig.9 Steady-state field distributions of the photonic crystal
filter structure operating at the wavelength of 1 599.79 nm

j‘j’fﬁ%:j:'ﬁza: 1 599.79 nm ﬁﬁﬁ#aﬁiﬁ%?ﬁﬁ
Bedi 7R T3 (T)
T(%)2 + (2(l +2)T +4Tcosd — 8 - 8COS€)%

To

4T +4(T £ 2)Teosh + (T +2)2T = 0
T T

. (10)
HFFH A 0207, ( n BAR/INF 0 (93EEL) |, cosd
1,0, M E (9) 75 L0, 3% 4 1 A

To

ST O (A5, 2 (10) A8 (T + (8T -

16):—'+ 16T =0, f 45K TAETF 1.599.79 nm K

2

(9 1F AL fE 5 R N T = 94. 7%%%}:

2

2.5029571 6. 392 503, EFF_{LI =2.502957 ft AKX
T

2

(8) Hh A A 1 IEBRAL S B3R R =5.299 645% ,
M i PR I IE AL M FER L=1-T-R =
0.000355% , iR M FE DI KA B i AR B 7

Sz 3.55;#3% = 6.392503 % A S (8) fi4 A
2

FOERAL ST 28 R =5.299 863% , W XT i 1) 145 4k
JE TE AL BEER L =0. 000 137% , 4RI IEET R
FEEC R A E T 502 1. 37, A 84 (R V4R I 3R RE R
5 L0 ME5EIT I — 3. 1206 T SRS 4 1 5 07
T LR R AR A 5 A ), AT DK ' B R
SN S 02 B S 7= A 1 CTIREE , MRS o
(1 S P B, 5 B (I v L A Ao 11 DAk



768

ahh 5 =

K R 31 &

NI B S i AR G ARSI G, 4
I i SRR B A R D A 5 BRI, i S5 A B i
i B 3. SCR R 1 x3 RIS 25 44
T ARG IR S DG ik H AR R 6T
AR R A B IR I DG A T 7254
RIS BT RST BN R T 84 it ik 1. #4i
Tk AR 2R (R A A B B Bk — 2B T S5 R 1k
TF, Z U AR nT AR 2 AN R E I KA 5 T
B (R B B — L5 B o JR 4 72 WDM R 45 1260 ~
1675 nmE B K AR5 M 2 1T

4 Hig

2 B A v SR R S e A FRLRE D T
FABL 22 6, A1 CMT B% @ PR 40 A 1 B THOh + ik
1 x 3R I DG D AR 45 A BETH AN TRLR B AR A0 22 06 H:
TEFAA R TE AL ST B R I IE R AL FE 3
HEAT AR O PE L, 45 0 T UE D AR A5 M AR
Pt 2 < AE FRAR S IR I S5 B Pl 2, 7 /7y =
4,0 =2nm W (n AT 0 BYEEED) AR SR E
H 1 35 100% 15460 5 4544 58 B ) 544 - FE S5 # 15e3
Y7 /ey B 7 /Ty B EIN 7, /7y 57, /7,
—0 B, R—100% , 8¢ 0 0 = (2n + 1) = B, iy A v 11
XTG5S Be i 100% P 5 i TR i s 5 5% 44 7
ety v/, =0,7, /7y =4,0 =2nw B, IR
Jis X A 5 RE R 100% 4R S i RE. 25 B Ak
WAL T g AR 4544, F FDTD Jrik oy 17 HAL ¥ itk
Rk, AR S ECGE B, 3 8 T 96 SRR % i
PI935 IE B AL 4 R 0 89. 6% -1
WA R 1. 19 nm AHERIE(E I T4 I 1.2
nm VYR T35 0 B PR EICR 1 350. 2 i HE DAL I K
JEFEIZE 1 534.04 ~1 653.16 nm . 1EFALAL 4 %506
TE71.4% ~98.9% |37+ e yu Fl7E 1. 04 ~ 1. 31
nm. TR % U8 P A B IE R A B 3R L A
AT R ROT R WAL I A TR T Y ] T AR
IZEER TN T DWDDM R G i i1 2 45 U 4R
AT DGR R B T A UK.

References

[1]Kanazawa S, Fujisawa T, Nunoya N, et al. Ultra-compact

100 GbE transmitter optical sbassembly for 40-km SMF
transmission [ J|. Journal of Lightwave Technology, 2013,
31(4) .602 —608.

[2]Ohyama T, Ohki A, Takahata K, et al. Transmitter optical
subassembly using a polarization beam combiner for 100
Gbhit/s ethernet over 40-km transmission [ J]. Lightwave
Technol, 2015, 33(10) : 1985 —1992.

[3]Fujisawa T, Kanazawa S, Ishii H, et al. 1.3-um 4 x25-
Gb/s monolithically integrated light source for metro area
100-Gb/s Ethernet [ J]. IEEE Photonics Technology Let-
ters, 2011, 23(6) :356 —358.

[4] Yoshimatsu T, Nada M, OgumaM, et al. Compact and
high-sensitivity 100-Gb/s (4 x25 Gb/s) APD-ROSA with
a LAN-WDM PLC demultiplexer[ J]. Opt. Express, 2012,
20(26) :393 —398.

[ 5 ] Gutierrez-Castrejon R, Torres-Ferrera P. Design and techni-
cal feasibility of next 400 GbE 40-km PMD based on 16 x
25 Gbps architecture [ J]. Lightwave Technol, 2013, 31
(14) . 2386 —2393.

[ 6] Turkiewicz J, Dewaardt H. Low complexity up to 400-Gb/s
transmission in the 1310-nm wave-length domain[ J]. [EEE
Photonics Technology Letters, 2012, 24(11) . 942 —944.

[7 ] Torres-Ferrera P, Gutiérrez-Castrejon R. Impact of channel-
spacing on next 400 Gb/s Ethernet 40-km PMD based on 16
x25 Gh/s WDM architecture[ J]. Optical Fiber Technolo-

gy, 2014, 20(3): 177 - 183.

[8]Robinson S, Nakkeeran R. PCRR based add drop filter for
ITU-T G. 694.2 CWDM systems[ J]. Optik- International
Journal for Light and Electron Optics, 2013, 124(5) : 393
—398.

[9]Mehdizadeh F, Soroosh M. A new proposal for eight-chan-
nel optical demultiplexer based on photonic crystal resonant
cavities[ J]. Photonic Network Communications, 2016, 31
(1):65-70.

[ 10 ] Ghaffari A, Djavid M, Monifi F, et al. Photonic crystal
power splitter and wavelength multi/demultiplexer based on

directional coupling[ J]. Journal of Optics A Pure and Ap-
plied Optics, 2008, 10(7) . 75203-75209.

[11]Ghaffari A, Monifi F, Djavid M, et al. Photonic crystal
bends and power splitters based on ring resonators [ J ].
Optics Communications, 2008, 281(23) : 5929 —5934.

[ 12 ] Ghaffari A, Monifi F, Djavid M, et al. Analysis of photon-
ic crystal power splitters with different configurations|[ J ].
Journal of Applied Sciences, 2008, 8(8) : 1416 —1425.

[ 13 ] Berenger J P. A perfectly matched layer for the absorption
of electromagnetic waves [ J]. Comput. Phys. 1994, 114
(2) . 185 -200.

[ 14]Goldberg M. Stability criteria for finite difference approxi-
mations to parabolic systems [ J]. Applied Numerical
Mathematics, 2000, 33(14): 509 —515.

[15]Zhu Z, Brown T G. Full-vectorial finite-difference analysis
of microstructured optical fibers [ J]. Opt. Express, 2002,
10(17) : 853 —864.



