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Fig. 1 Schematic of proposed filter consisting of cascaded double-ring-assisted MZI

[zl 1 prl*ﬂXZ)ﬁ%#%‘ﬁiEﬁ%gﬁg%/\ﬁ%, Yl%ﬂ Yzﬁﬁﬁﬁﬁ,flez$ﬂ Slxszﬁ%uﬁ‘j MZIW‘j/I\g dB*l%/ﬁ\%gE/‘J ﬁ
A RECNZE A BB oo Fl sy s, 50 0 R RN 5 MZ1E N Z B 1 A A REBORSE SGRG 280,80

ERFE R A A X X R Y, Y, Z B A &R B

[Yl}_ ¢, TS| Ho(2)

Y, B _Jéz s 0
cicoHy (2)— 515, H,(2)

*j<61$2H1(2)+5152H2(2))

-]

0 } ¢ — 51 |:le|:
Hz(Z) _j51 (&) X,

(510, H (2)+ ¢15,H, (2)) [Xl:l
—s.5:H, (2)+ cic,Hy(2)

WA 3 dBH A AR ARG R B0 oh KL MK, B
Klszzé,ft(l)EP 5. (i=1,2)5K (i=1,2)Z
EES P

a=J1—K,,ss=JK.,i=1,2. (2)
A D) HE 45 31 R 40 iR 8L
HY,(Z):‘ s =c*'H (2)—s"H,(2), (3)
X1(Z)
o YZ(Z) Y ) N
Hy\(z)‘Xl(z) = ]<c.sH|(z)+.scH2(z))o (4)

SR M Ly B840 B AR 82 68 R 5T U I8 48 it B B2 0 45
RUWE 2 P78 o AT LR ), Ly 90 3 AH AL 0 728 16 31
70, B AN W) IO 5 2 326 ¥ 72 ol 20 7 P 2 ISEL A 4 ) 2% R

10

0.5 === 0.75m——m

—0----- 0.25m

_________

Transmission /dB
o
S

10 15 20 25 30
Normalized frequency /(w - ')

0 0.5

P20 L 00 I AR X 5 0 208 e i o 174 52 i
Fig. 2 Influence of the mnitial phase of L, on the performance of
the unit filter

1113003-2



£ 435 5 11 H9/2023 £ 6 A/FZH

RLAf, AT A2 R T v A 0 BR E K

R T AR TTEE P AN R R RE Ly A LR AR A7 N
R, (D) H, (=) FLH, (=) 403 Ly F L, AL

PREIC , AR B ) A2 i R A 05 T 4 o HLA% i o K

HL (2)= cngzfjexp(*jt.?l) ’
1+ 32 2exp<*]€1)

(5)

c,— 2! exp<*j62>

H,(2)= (6)

1—c.2 1exp(—jt?z)O
ZEE A (2)~(6), B g XU 4 B MZI g )% 2% 1) 75
At st 1A R B RO RN

1
Hy(z)=-

cg+zf2exp(*j€1> B

ci— 2! exp<*jﬁg>

2

14 ci27° exp(—jt%)

1—c.2)! exp(—jt%)

1)ea—a +(1— c'gcg)exp(*jﬁz)zfl +(1— cgcq)exp(*j&l)zfz +(c5—cy)z’ exp[*j(ﬁl -+ 62)}
2 1— 2! exp(*jﬂg)Jr 32, " exp(*jﬁl)* c30:2,° exp[*j(ﬁl + 192):|

Hy(2)—= i

3+ 2,° exp(*jt?l)

. (D)

ci— 2, eXp(*jt%)

o

1+ 277 exp(*jt%)
(es+c)—(1+csen) 2! exp(—j@) + (14 csey) 2, exp(—jﬁl) —(cs+ ez’ exp[—j(ﬁl + 02):|

1— 2! exp<*j€2>

_EJ

1—c2! exp(—j62)+ 32, ° exp(—j<91>— C50.27° exp[—j(@l -+ 192>:|

o (8)

H L T RTAN, 4R Y A R XURA Al B MLZT 30 i 4 1Y)

5 BT AR AL 5 5 — F TR D AR A — B, T

F14 12 i R K0 R SO [R]85 4 1) 28 4 o Bl 285
— BT L - A LG LI S Y AR S eR A e B

[F) BN 8073 4 A (B 3 A1 4 1) A 62 T LA 3R B O 20 4
8 L K, BEE T 9 R B A O B Y R A A
B2 O, INERARAL N O, PRLIE T IR /N B0 A 467 808 i

1] ¢;+27° exp[*j((91+ t%)} B

ci— 21 exp| — (0,4 05)]

Cs -+ Z;:Z exp[*j(ﬁs + s )}

Htwo*%ra -
stage
4

1+ 2,7 exp[—j(ﬁl =+ 55)}

cs— 2 exp| — (0,4 05)]
1—cs23" exp[*j(& + 0 ):| ’

1=zt exp[—j(@#— (96)}

1+ ¢52,° exp[—j(ﬁa + 65)}

(9)

T EE A T TR AR PR OT IR AR R L 1
0 4 AH A X G T6 1ol B i B MUZT O O 25 A i S o 7 )
S . I 3R, M oy = 500 = o, Ly BRI IR A2 A
078 A6 2] e B, U I 25 38 7 Y 98 120 17 18 O, BH AT B0 ok
QU NSy NN Y VR B N SRR NG a5 e i N PO 71
WV o N T Bk S 8 BA A A REE L,
e W E 5 L AR R A0 46 A8 7 7

I 2 U8 D% 0 M AR IR bR 2 B AT B D
(SER) il 4 #1 #8 (PL) JEARIH ¥ (1 dB 4 %6 5 10 dB
W E) %, (7)) 8 A, B g MRR-
MZIUE B 28 5 B 5 oy 0,1 0,78 55, AR5 4381 ¢
c R BELAH A o B2 R A URE R AR R R . RO AR
SEg HCR A Y W E R N — HR T A, BT DA
Y, W REHEAT A BT o

Kl d(a)~(d) R T HH G R B ey Bl o, X5 — 11
JCUE P A% 0 L RE R . B 4(a) TR O B AR A R
By ey X U8 I 2 0 A HURE I RZ ), R e KR
AFE ) e KAE o B A oo A 3G K, HL Sl 7 0 AR o 1

—o—0 ----0.25n 0.57 -—=-0.751

T

Transmission /dB
A
S

NN
0 05 10 15 20 25 30

Normalized frequency /(w - ')

3.5 4.0

P 3 L B0 A RS T 208 J0 ahe i £ 0 7 ) 582 )

Fig. 3 Influence of initial phase of L; on the performance of

optical filter
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(a) Passband loss; (b) stopband extinction ratio; (¢) shape factor; (d) bandwidth tuning range of cascaded filters
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Abstract

Objective

traffic of the Internet is growing exponentially, and the demand for network bandwidth in various fields is increasing. The

As the revolution of new-generation information technology continues to advance around the world, the data

optical communication system, the core of networks, should continuously improve the frequency spectrum efficiency and
the transmission capacity to meet the demands of future development. Hence, it faces great challenges. Silicon-based
photonic integration technology has been developing rapidly due to its advantages of high integration, low costs, large
bandwidth, and compatibility with CMOS technology. It is widely applied in optical fiber communication, optical sensing,
optical modulation, quantum communication, optical neural networks, and other fields. The tunable silicon photonic filter
is one of the most important components and plays a vital role in the wavelength division multiplexing (WDM) system of
optical fiber communication. Optical filters include the Mach-Zenhnder interferometer (MZI), microring resonator (MRR),
Bragg-gratings, arrayed waveguide grating (AWG), echelle diffraction grating (EDG), and MRR-assisted MZI (MRR-
MZI). However, these filters have limitations in the size of devices, power consumption, flexibility, and adjustable range.
Therefore, a tunable filter based on SOI material is proposed. The bandwidth and center wavelength of the filter can be
tuned by the cascading of two filter units of the double-ring-assisted MZI, which guarantees that the filter output has a good

shape factor and a flat passband.

Methods The tunable filter of the cascaded double-ring-assisted MZI based on SOI material proposed in this paper is
composed of two cascaded MRR-MZI filters. The spectral response of the tunable filter is the intersection of the
transmission spectrum response of two double-ring-assisted MZI filters, and its bandwidth is determined by the
overlapping region of the transmission spectrum response of the two units. Therefore, on the premise that the bandwidth

and center wavelength of the filter can be adjusted, the output with a good shape factor and a flat passband is guaranteed.
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In design, the transmission function of the filter is calculated by the transmission matrix method, and the mathematical

model of the filter structure is built by MATLAB. The appropriate range of the self-coupling coefficient between microring
and MZI arm can be found when the stopband extinction ratios (SER), passband loss (PL), shape factor, and bandwidth
tuning range of the filter output are used as the performance criteria. At the same time, MATLAB is employed to analyze
the phase of the microring and obtain the appropriate phase to ensure that the output performance of the filter meets the
design requirements. Considering the influence of loss and dispersion on the performance of the filter, we leverage the
optical simulation software RSoft and the finite-difference time-domain (FDTD) method to simulate the performance of the
component. The structural parameters of the microring are determined according to the self-coupling coefficient obtained
by mathematical analysis. The effective refractive index of the microring is changed to simulate the phase control of the
microring and achieve the bandwidth and center wavelength tuning of the filter, which is realized by changes in the

temperature of the microring.

Results and Discussions The bandwidth of the cascaded double-ring-assisted MZI filter proposed in this paper can be
tuned by simultaneous changes in the phase of the microring in the second unit filter (Fig. 11). As the effective refractive
index of the microring increases, the 3 dB bandwidth of the filter changes from 5 nm to 1. 5 nm, and the passband loss is
between 0. 73 dB and 0. 88 dB, which meets the needs of optical fiber communication. The center wavelength of the filter
can be tuned from 1548. 05 nm to 1559. 6 nm (Fig. 12) when the phase of the four microrings of the cascaded double-ring-
assisted MZI filter is simultaneously changed, and the phase change in the big ring keeps twice as much as that in the small
ring. During the center wavelength tuning, the shape factor changes from 0. 78 to 0. 60, and the 3 dB bandwidth changes

from 5.0 nm to 4. 6 nm, both of which remain unchanged.

Conclusions We propose a tunable filter with a large bandwidth tuning range of the cascaded double-ring-assisted MZI
filter. The system transmission function of the filter is derived by the transmission matrix method, and the theoretical
analysis and performance simulation optimization are carried out. The simulation results show that the SER of the filter is
greater than 20 dB, and the PL is less than 1 dB; the size of the device is 60 pm X 87 pm. When the thermal-optical effect
changes the refractive index of the microring resonator, the center wavelength can move in the whole free spectral range,
and the output bandwidth can be tuned between 1.5 nm and 5 nm, which meets the requirements of different wavelength
signal screening. The filter has the advantages of small size, wide bandwidth adjustment range, and low loss and can be

widely applied in optical switching and optical signal processing.

Key words integrated optics; optical filter; Mach-Zehnder interferometer; tunable bandwidth; microring resonator
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