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Abstract: In order to improve the transmission performance of all-fiber Mach-Zehnder interferometer (MZI), a novel
all-fiber MZI interleaver is proposed and discussed in this paper. All-fiber interleaver consists of one 2x2 fiber coupler
and one coupler with self-feedback fiber ring resonator. According to its structure, the output expression of the device
is deduced by using optical fiber transmission theory and matrix theory, and numerical simulation analysis is per-
formed. The results show that the device adopts the phase adjustment effect introduced by the self-feedback optical
fiber resonator with reasonable parameters, and its 25 dB cutoff bandwidth is 46.7 GHz which accounts for 93.4% of
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the 50 GHz frequency interval. The output spectrum is similar to the square wave output. This device requires 2 fiber
couplers, which is less than the number of couplers needed for the conventional all-fiber MZI-interleaver. When
considering the existence of transmission loss, there is no difference in the amplitude of the two interference optical
signals, which reduces the influence of transmission loss on the extinction characteristics of the filter. Compared with
the conventional unbalanced MZI type interleaver with an optical fiber resonant ring, the structure is simple and
compact, and has a certain anti-deviation ability. It also reduces the difficulty of making the device, which makes it
play an important role in the future of dense wavelength division multiplexing systems.

Keywords: fiber optical coupler; interleaver; Mach-Zehnder interferometer; fiber ring resonator
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E3in

180315-2



DOI: 10.12086/0ee.2019.180315

(  1(b) 3%3 pont _ a, +a, cos(n0)+a, cos(p —20)
( 1@) E™ E" L ' C
252 +a3 cos(¢p+(n—2)0)+a, cos(p —(n+2)0)
X
¢ ,(3)
1(b) E out b, +b,cos(nd)—a, cos(p —20)
Ejr B C
Ev(i=1,2,3) [12-13] a, cos( +(n—2)0)+a, cos(p—(n+2)0)
Elout Ml M2 M3 Elm C
EM|=|M, M, M,|E"|, (1) :
Eout M. M. M | gv a, =4sin(k, ) cos(k,) +4sin(k, /2)* sin(k, )?
3 3 2 1 3
, +4cos(k,)* sin(k, )

EM—1e ®E™  B=2mn, =exp(-al) . cos( 21) sin( ;) | 2 o
Mi=cos(k,/2) My=i2Vsin(ky) Mi=—sin(ki/2) a, =4sin(k,)" cos(k,)” —8sin(k, /2)" cos(k,)sin(k,)
Me=cos(k)) k DC, B a, =—2sin(2k,)sin(k,)(3cos(k,) —1)

a it a, =—2sin(2k,)sin(2k,)
L T a, = —/2sin(2k, )sin(k, ) (cos(k,) 1)
b, =4cos(k,)’ cos(k, )’
22 MZI +4sin(k, )’ sin(k,)? + (cos(k, )~ 1)’
i é) Cl - b, = 4cos(k, )cos(k, Y (cos(k,) 1)
’ +4sin(k, ) sin(k, )?
DCO DC] ll lZ 2 . 4 .2 .
M C=4(1+sin"(k, /2)+2sin"(k, / 2)sin(n0))
L
DCO (/_\ \E1out
h h En o/ [ > \ f
DC, DC, N e
L | \/
DCq 2 DC4
B2 A% BRARATISIREEG MZI B AR B K B2 A B
Fig. 2 MzZl interleaver structure with feedback fiber resonator
Elout Ezout E[n \ R \A
Elout B TMIMZ TMIZ 3 ﬁj *ﬁ]&h&lﬁ
oy M M,
e —TM3 e —TM3 3 1 E1i$%A%E;]Em-—‘—-
= 5 M s . B lx=fm5T M E
.;L +M, LT—l +M,
E™ e —TM, e —1M,
- _ Pi(0) Py(0)
e 0 Py(0+7/2)=Py(6) (4)
T 4) (3) ap=by a;=b, n=4
0 e’ DC, 3dB
[ cosk, —isink, | [E, ko=m/4 3)
, (2) P(B):l—i- a, cos(¢ —20) + a, cos(¢ — 60)
—isink, cosk, 0 ! 2 C
_ ) ) a, cos@cos26
I=(1+L)/2 0=pAl ¢ +—C
, (5
ks DC, Al=1,—1, b (@)=L 8<05(9=20) 4, coslg=60) ®)
=1 : 2 C
P(O)=EE(i=1,2)(* ) 4 cos9cos2f
C

180315-3



DOI: 10.120

86/0ee.2019.180315

a,=—/2sin(2k))  a, =23/2sin(k,)(1 -cosk,) 25 dB 46.7 GHz 50 GHz
(5) (4) 93.4% [5]
P1(60)+P,(0)=1 MZ1 25 dB 32.2 GHz
(5) 50 GHz 64.4%
(3] -
(5) Py(6) 25dB 35.5 GHz
(14] 50 GHz 71% [14]
OP.(6) o°P(6) MZI 25dB 15.8 GH
1—( |0:6c =0 Tl |3=9( =0 I)l(e) = I)l,max > (6) “
o0 o0 50 GHz 31.6% (1] <cg””
. P\(6) Pi(0)+P,(0)=1 MZI 25dB
(6) 262 GHz 50 GHz 52.4%
2
apé_g’)LH _ ag%é%e:e(:o , 7 [13514]
MZI
(6) (7) 0=n/2 @=n  ki=m/0.72
k=m/4 k=m/0.72 ¢=m 3.2 BAELLHLIERFm
Ner=1.454 1o=1550 (4)
nm f0=193.4 THz 3 DC, DG ke ki
( 3 P1 Pz k() k1
) 3 Pi(0)
Py(0)
MZI [15]
[
4 MZI 5] ki=ki+Aki(i=0,1)
MZI Ako=7'[/4>(5% Ak1=T[/072X5% k():koiAko klzkliAkl
(1) (2) 5
MZI (
MZI MZI [5]
MZI MZI )
e 0
:ml ‘l m -5 |
D s '=.
b ] : 2 40t ' :
E : ! : g : :
3 : | : = '. :
H . g 5 P %
S | é | |
o | 5 2 L =.
H H L : L 5 L H .25 ' ) i ' ) : )
193.35 19340 193.45 193.50 193.55 193.30 193.35 19340 19345 193.50
Frequency/THz Frequency/THz
B3 ko=m/4, ky=r/0.72 i, interleaver &% & B4 Ai&it# interleaver (£ 45 SLK[5]
Py %3149 interleaver (B2 2% )4t 7 52 49 Ho AR B

Fig. 3 The calculated transmission spectra of the
proposed interleaver using these parameter ko=m/4 and
k4=1/0.72

180315-4
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The calculated transmission spectra of the proposed interleaver using these parameter ko=m/4 and k{=m/0.72

Overview: Since the passband shape of the conventional Mach-Zehnder interferometer (MZI)-interleaver is a cosine
type. Its peak characteristics and the passband width don’t meet the actual needs. In practice, it is easy to generate large
insertion loss and crosstalk. The researchers proposed multi-level MZI cascaded all-fiber interleaver and optical fiber
resonator-assisted non-equilibrium MZI-interleaver. Both of these proposals can improve response passband flatness.
However, the former improvement scheme caused an increase in the total interference arm length of the
MZI-interleaver, which will seriously affect the simplicity and performance stability of the all-fiber MZI-interleaver
structure, at the same time, increase the practical production difficulties. The latter improvement is to couple the fiber
cavity into a certain interference arm of the MZI to form an asymmetric structure of the fiber resonator-assisted unba-
lanced MZI-interleaver. The fiber cavity is very beneficial for improving the performance of the all-fiber
MZlI-interleaver. However, this fiber resonator assisted unbalanced MZI-interleaver has a structural asymmetry. The
actual optical path of the transmitted signal is much larger than the optical path in the other interfering arm without the
optical fiber resonator due to the action of the optical fiber resonator. Obviously, the amplitude of the two optical sig-
nals in the two arms will be greatly different when they reach the output coupler due to existence of transmission loss. It
can be known from the interference principle that when there are amplitude differences between the two optical signals
that interfere with each other, the output spectral extinction characteristics are bound to deteriorate, resulting in a large
increase in crosstalk interference between channels. In order to improve the transmission performance of all-fiber MZI,
a novel all-fiber MZI-interleaver is proposed and discussed in this paper. An all-fiber MZI-interleaver consisting of a
2x2 fiber coupler and a fiber coupler cascade with a self-feedback fiber cavity is designed, by selecting reasonable coup-
ler parameters and using the phase adjustment effect introduced by the self-feedback fiber resonator. According to its
structure, the output expression of the device is deduced by using optical fiber transmission theory and matrix theory,
and numerical simulation analysis is performed. The results show that its 25 dB cutoff bandwidth is 46.7 GHz which
accounts for 93.4% of the 50 GHz frequency interval. The output spectrum is similar to the square wave output. Com-
pared with the conventional unbalanced MZI type interleaver with an optical fiber resonant ring, the structure is simple
and compact, had a certain anti-deviation ability and reduced the number of fiber couplers require to 2, which makes it
play an important role in dense wavelength division multiplexing systems in the future.

Citation: Wei X M, Lu H W, Yang Q, et al. All-fiber MZI-interleaver with self-feedback fiber resonator[J]. Op-
to-Electronic Engineering, 2019, 46(5): 180315
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