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Analysis of Characteristics of the Interleaver Based on a Double-Coupler Resonator
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Abstract In order to improve the transmission performance of the conventional Mach-Zehnder ( MZ)
interferometer, a novel interleaver based on MZ interferometer with a double-coupler and single mode fiber resonator
in one arm is presented. The output expression is derived and numerical simulation is performed. The simulation
indicates that the bandwidth of 0.5 dB passband and 25 dB stopband of proposed interleaver are simultaneously
improved remarkably, which are much wider than those of the conventional MZ interferometer. The filtering
performance of this proposed interleaver, which achieves a nearly square spectrum response, is much better than
that of the conventional MZ. Influence on its transimission characteristics by the parameters caused by double-
coupler resonator, coupling ratio and length of resonator, is also discussed, and the variations ranges of the
parameters are also given for the communication requirements.
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Fig. 1 Configuration of double-coupler resonator MZ

interferometric interleaver
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Fig. 2 Plot of transmission versus frequency

3 g2 B R MZ BT 5 A B & #1884 i 7Y
MZ 5 A5 P AR 0 45 19 0. 5 dBas 2o iy 56 JE 11
PO BT Hrp 2k S 20 il R L MZ BT
AL KRB A e 1 IR s BB MZ 1 35 A5 b A R 0 % 7%
(R R . 28l T 5 AT LAAS B R A AR R U 2
0.5 dBiE 347 T8 B 4 B M 21. 3 GHzf141. 9 GHz,
A A 25 8 PR s 1 MZ B8 % #5190, 5 dBig
T8 B 24 i 50 GHZARR M) R 14 83. 824, 5% Bl MZ
RUUE P AR 19 0. 5 dBIE 1 47 98 BE 29 15 50 GHz 4 % [A]
P42 6 0 HEL Bl B4R T . B 4 2% M MZ T
AR 280 L WURR A 28 08 I i 78 MZ 95 A3 (52
20 T b A AR DB e A 119 25 B LR AT TE BE Y AR
PR 8 e 2 119 25 dB A 1k A7 98 BE 43 i R 3. 6 GHz AN
32. 2 GHz, N A BUGHE & #5718 4k 15 1 MZ BU 38 % 28 19
25 B IR 58 BE 29 15 50 GH A5 5[] B 114 64. 44 %0
5 MZ T W AR IR B 28 19 25 dBHR LA 98 2y
150 GHz 5 2 [ fR i 7. 2% AH L K KRS T,
X EHER LI T ABURS G g IR Y MZ B8 A%
) s HL A R R . 9 A, SR 10 ]9k
TR, 0.5 dBiE )47 98 25 dBEIE T8 43
#7126 GHzF124 GHz, 550 GHz/ 52% H1 48 % 5 3
BRC1TT R I 2X2 13X 3 LT ka4 o thil 7 il 2 1B



8 3 ETIME AF . — R T OUURE & 45 1 U B A AT DR 8 30 8 R 20 AT

1193

MZ Btk g 9 28 v, 0. 5 dBi% 1 5 55 125 dBEL L
Fa oy 9 4333 GHz 131 GHz, 550 GHz /Yy 66% F
62% . Mk HLATLLE H, ASCER(10, 11 T, AR S
BB H 4 A oA B 98 190, 5 dBE i 5 95 125 dB
Bk 9

0.0 — conventional MZ
I proposed MZ
-0.1
m
S
g 02
E 03
g
& 04
-0.5+— — — T
193.28 193.30  193.32  193.34 193.36

Frequency /THz

B 3 PR A 0.5 dB i 3 45 55 B LA A
Fig. 3 Width of 0.5 dB passband for proposed MZ and

conventional MZ interleaver

proposed MZ

Transmission /dB
|
o
S

i | conventional MZ

_40 A i T r
193.20 193.25 193.30 193.35193.40 193.45
Frequency /THz

B4 PIRMIR AR IY 25 dB kA 58 B A A
Fig. 4 Width of 25 dB stopband for proposed MZ and

conventional MZ interleaver

3 A EL X B T AY S i

XiF T RURE A A R s MZ B8 U 2 L B S
(A8 Ak 2 5 I LR D PERR I CBE R . TN R A AR
MARA L Ry F ko (W HRP SE T B0 H 33 09 T8 R RS
T R B R RN

Lo, 2 k=0l by, =1 B, SR 25 46
WAHEIZHERTWHER, L2 T %3 MZ
THB A — R AR DA O e 3 R R MZ T
WALH) —HE . SR, 0. 1< &y <<0. 30,
iy 1 1 B B 0O T AR B T TR RS . [RREXT T
ky = 0 Bl F Ly A G 3 L, SRS
AR I A R B 206 R T ¥ I VE L e 9
gt R B MZ WA —FE . @8 Y bk =
0. 28 i i BT RAFR 5 BBk . B 5 & B A

AV IR B A G EL Bk R A AR AR S R 5 D R 1) AR
LB, HorpE 5 Ca) Sy Ay Bl AR £k B R B )
Wi, [ 5Cb) Sk Ay B AR £ B X6 335 1) 52 i o DA B
ORI LE kT ko B AR AR R 1 2 A AR K R
M ZE ] 5 Ca) 22 ke 3G B LD i AR T B
JIN 3 55 R HL P R T e 1 B R /N ZE T 5 (D)
oL Ry BT A R SE A TE R R0, 55 TR
SRR A T B g B . 2o A L An SR
AT A T8 1 B S B R 25 dBRY SR . Ry B IZ
JB k<0, 22k, P <k, —=0.35, A .25 5%
SR TR S A A W B R A Ll A A Y TR N
0.1 <k <<0.22,k, =0.35, NILTT DL H XA —
JiEE R EE kT TR A b AR L X 10
THEA AR by LURR A28 ko X HE 3 (45 0 K L 3K S
TFAEXFRA BRI MZ T3 AR 450 5 i A 4
by FEEEA R G POR A 26 T W AR Tk HR
TR LE Ly ML, 4 ECAEH

Transmission /dB

19338 193.39 193.40 193.41 193.42 193.43

Transmission /dB

193.43

193.41
Frequency /THz

19337 193.39

B 5 A ke DR by ()Xo ik I M B 14 52 el
Fig. 5 Plot of transmission versus frequency for

different coupler ratios £, (a) and k&, (b)

4 SEEFERK Xy O ) 5

TR e B UL 4 % T IR B MZ U kSR
Ky L O B K B I AR R X R
T MR I 1 K B 7 A NS AL I R T 4 st
L=2. AL—% {9 G i 25 Ay {9 DG i 2% 1 T 7 AR
N7 KA PO DK R RS L D i



1194 i

e * 35 %

F G R E TR BRI IR A I KB AR b Y 1% 32 B
BB . T 6 2 XUHE A 48 18 U i T8 MZ 31 0 28 3%
SR T RIS IRE K E L FRME SOk 281k
My 2. S HCE BN R P 9K 1550 nm, & =
0.19, kb, = 1,L ~4. 1 mm, ARIFHFHE a = 1.47,
B AP AL =0. 8 nm, Y WAL EHKEE AL A
AR B 6 Lk R T SE R B RN LS L
546100 nmAl 200 nm 35 Sl k. MR H AT
DAF o BR300 £ T B 9 8 R OF- 2 3 A A
b A& O P Y R AR TR RS 3 [ B A
— 3, M L =200 nmf, a0 KK A
B, L 978 b R B K F200 nm, B L (%75 {k A g
KRFAGWT T2 T, B n] LLE H %88 04
HNREERBE 1 AR AL A B RO E th m] AR X — 4
SCKZAR I TR T S AR

0.
% —-10 1
o
.S
8 -201
E | .
§ === L+100 nm
= — L+200 nm

15.4‘19‘8 155IO.0 1550.2 1550.4

Wavelength A /nm
&l 6 7 I AR AN [ 1 4R I B T Bl 5 O i
F) 72 Ak il 28
Fig. 6 Plot of transmission T versus wavelength A for

different shifts of L

5 4% i

FE BT T A B & 2B R 30 5 AR S
ot PR T P TR U IR A 0 U U R L R0 AT 4
2 W RCHE F5 00 U8 U A% B A 0 R R TR S
HBBREBLT S 7T ARS8 T AR A9 05 i ik g
ek . [RIBT U8 4% BA 580, 5 dBiE o 4l 5
25 dBH# IR T, FEAR T X ASHE SOk Esk . 5
AR BT T RS A AR A X 8 U 1 BE B R L 45
TR TR A L., REWRT

TEPHIR A B2 8 90 1 B 19 52 0 i L 9% A 1 X Ah B
PRI AL A AR 8RR AT AP A S O (LR I 2 15
WY 32 2% G0 SR S0 A 1 A A R B T DA
AL SR I 2

5 * X

1 M. Oguma, K. Jinguji, T. Kitoh e al.. Flat passband
interleave filter with 200 GHz channel spacing based on planar
lightwave circuit-type lattice structure [J]. Electron. Lett. .
2000, 36(15):1299~1300

2 Zhang Juan, Liu Liren, Zhou Yu. A tunable interleaver filter
based on analog birefringent units [J]. Opt. Commun. , 2003,
227.283~294

3 Xu Ou, Lu Shaohua, Dong Xiaowei et al.. Properties analysis
for reflection-type filter composed of microring resonator array
and Mach-Zenhder interferometer [ J]. Acta Optica Sinica,
2007, 27(8) :1443~1446
VR B NME SF BT RO IR A PR S S T - 4R
IR T A S B Uk e M RE A T LT, & % & 3k, 2007, 27
(8):1443~1446

4 Dong Xiaowei, Pei Li, Jian Shuisheng. Narrow bandwidth add-
drop channel filter based on fiber-Bragg-grating-coupler [ J].
Chinese J. Lasers, 2006, 33(5):621~625
HAME L HE WL WK, SREF AT RIM M G AR B AR A R
B P B Ay BT LT ). P Bk 2006, 33(5):621~625

5 Qing Ye, Ronghui Qu, Zujie Fang. Generation of millimeter-
wave sub-carrier optical pulse by wusing a Fabry-Perot
interferometer [J]. Chin. Opt. Lett. ., 2007, 5(1):8~10

6 Zhang Wenfu, Fang Qiang. Cheng Yihua et a/.. Narrow band

interleaver based on one-dimensional photonic crystal with

positive-negative index alternant multiplayer [ J]. Acta Optica

Sinica , 2007, 27(9) :1695~1699

JROCE LT LB AR S ERTH R ik R R

RO IE AR, R F SR, 2007, 27(9):1695~1699

M. Kuznetsov. Cascaded coupler Mach-Zehnder channel

-

dropping filters for wavelength division multiplexed optical
systems [J]. J . Lightwave Technol. , 1994, 12(2):226~230

8 R. J. Orazi, T. T. Vu, M. N. McLandrich ez al.. Cascaded
narrow channel fused fiber wavelength division multiplexers
[J]. Electron. Lett., 1996, 32(4):368~370

9 Qian Wang, Sailing He. Optimal design of a flat-top interleaver
based on cascaded MZ interferometers by using a genetic
algorithm [J]. Opt. Commun. , 2003, 224.:229~236

10 Lu Huawei, Zhang Baoge, Li Zhimin et al.. A novel all-fiber
optical interleaver with flat-top passband [J]. IEEE Photon.
Technol. Lett. ., 2006, 18.:1469~1471

11 Huaiwei Lu, Yu’e Zhang, Guanwei Luo. Study of all-fiber flat-
top passband interleaver based on 2X 2 and 3 X 3 fiber couplers
[J]. Opt. Commun. , 2007, 276:116~121

12 M. Kohtoku, S. Oku, Y. Kadota et al.. 200 GHz FSR
periodic multi/ demultiplexer with flattened transmission and
rejection band by using a Mach-Zehnder interferometer with a
ring resonator [ J]. IEEE Photon. Technol Lett., 2000, 12
(9):1174~1176



