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Abstract We propose an on-chip optical flat-top filter based on silicon-on-insulator with low ripple factor and high
shape factor. Our scheme is based on a racetrack microring resonator-assisted asymmetric Mach-Zehnder
interferometer, and we realize a filter with the ripple factor (the ratio of the maximum power to the minimum power
in passband) of 0.11 dB, the shape factor (the ratio of 3 dB bandwidth to 20 dB bandwidth ) of 0.79, the sidelobe
suppression ratio of 22.78 dB, insertion loss of 0.22 dB, and the free spectral range (FSR) of 5.22 nm. The FSR
can be tuned by reducing the lengths of relevant waveguides proportionally without any changes in the structure.
When the size is 0. 58 of the original one, the FSR increases to 11. 17 nm, and the shape factor is 0. 81. The
insertion loss is 0. 21 dB, and the ripple factor and sidelobe suppression ratio are about 0. 14 dB and 16. 83 dB,
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respectively. Finally, we simulate the effect of the fabrication error on the performance of the smaller filter, and

further verify that we can eliminate the effect of the fabrication error by embedding micro-heaters in the filter. The

flat-top filter has advantages of small size, light weight, low fabrication process, large fabrication tolerance, low

ripple factor, high shape factor, and low loss. It can be widely used in frequency combs generation, optical switch

and some other optical signal processing fields.

Key words integrated optics; photonic integrated circuit; flat-top filter; racetrack microring resonator

OCIS codes 130.3120; 130.7408; 230.3120; 230.7408

1 5 7

B 2 T AR Y 2k B v w2
KX AE R G i 78 i AR R I By 7o
RIELR,, MAFA SO RIGER &, W EH
(WDMD 5 AR pj iz i A B H B A 8K 15 i &
R RGN S R RS YA TR S
HATZIHEAR O AR 2 5t b g 3 1 8 5, i
S 5 A ARSI R s A e A4
B, SFTRUEE 25 4E 8 WDM £ 48 h iy F 262 o0
P AEEE R 7 R A R T E R SE
T E A AR W AL -5 A0 .

HT, & WA Pk e r R 2 25T
Fabry-Perot (F-P) &, I T 6 M. 7 26 18 4k %
(MRROFEAR[F G5 . Horft F-P I 21 T8 % A% &
— AR DR R T . AR RN S 2 R
FLUAT L SEBDE T R AR F-P S TRE RS %0
ZEIR ST N AR I 52 WS 08 U it 2 4 1A
ME, YLK, Sagnac BB R & E 6 T 5 R AL
F-P uE o i B L5 2 —, Jiang S5 T4
mFRE e A PR Sagnac P4 A F-P 458, 3k
157 8Up KB Gl e R R S /N IRZ ) 2
1 dBJBARH ¥ (3 dB i 58 5 20 dB A SE Z ) 4y
0. 70, H HOGIETEE (FSR) 2 1. 96 nm A4 52 R i
AP TRIESE 7%, I8 i Bt IR 2 1 7 Al 3 Ze 24
2L 0. 08 nm/mW (ISR ER ., Zhou 78 I
IR T7 G B A G R 48 i AT RS MZTL SEEE T
— ANEARP T2 0. 69 . FSR £ 0. 45 nm A TR E Bk
o A PSRRI 3% A ] SEIE G
(11. 80 dB~24. 00 dB) K .0 P K Gl 8 R 2
0. 0193 nm/mW) R IFE T IH, {H F-P J& XX HER
JE R R S B — s R L. It
DR RS /IS IR A | A BB v S P 34, 3 A SR L B
W T SO T 2% . Yun S5 56 AR 5
WA B2 10 A ST — > SR E 2
12 dB.3 dB #7952 33. 2 nm A9 5& 47 S 08 Ik &5 .
R IF A Uk ipl iy 3 7 - 2H 2 300 % B N 551

TR e #e Y T B8 bR, Liang 2557 ) A8 308 22 #5531
S P As JEM. wET — A s R R Y
0.8 dBJEARIH T2 0. 75, 55 AWl L 29 21. 8 dB
() TCI i e B0 T8 % 2% - I UE B D% 45 7 i ]
B Ml L E— 3 K & 2 40 dB. (HIZEHE
FEAEZS 22/ HOXT T 20 R0 0 1 B R 38 v 1) e o
MRR HA DI RE L& R 76 4540 Bk ik DI FE 4K
N T A S e AT Ry T T 3 7 ) R R
GEt 2z —. Xia ZUVUFIH 5 4405k MRR,SZ T —
Pl e RIEL 2 0. 4 dBL SR L2 40 dB.1 dB 4
T2 2,48 nm. W LI AMAFEL 1.8 dB+
0.5 dBJRSFZ) 700 pm® FIHESEESFTEEN 2% . Xu
A=02L 10 Gl MRR CEAZ 2 40 pm) Fl— A4
JEHPRIES 1T T —Fh 8tk HEUNT 0.3 dBL5%F
TEMHI L2 32 dB.3 dB 4 55 7E 0. 04~0. 16 nm Z
(B TR A T UB I A . (FIZ 28 7 A SBT3
AN TR IR LA MRR, H A MRR 3R I
KGOS E, R H A T 225 22 8/ il R XE
BB REANL.

ZE AT HRTH L = 207 T % 2 4 T
T, BORAETEMT GBI R M7 A H ER R
AL (HBAF RS — SR g T RE AR
FE HIVERS BE 2R T2 2N R AR 38
R . N TR RS R ) [R], AR SCHR H—FhT
AU EA RSO R AR B 19 P T O
AR B ERHLZAR L AE(SOD It F s i —
A I -8 48R T A (MZD 8 5 MRR ) A,
T2 TOLE B 25 20 2 0. 11 dBUBARIA 724
0. 79, % M40 #1129 22. 78 dB. i A 1 FE 4
0.22 dB.FSR #J 5. 22 nm, JE I g AZ% D &5 R 2
423 pmX143.59 pm, FZIEPE A AT B L B 4 /)N
B RR A 7 S FSR A% 38 s A5 ek » LA B
ANRISTE AR I 75 oK . AR SCRFSE T A5 0 R T
Pl/INI SR RUSE 1Y 58 V6 B g 25 A RE . LA L iU
W (TR T 42 = 0. 81, 4 A0 AE /N 2=
0.21 dB.FSR##HN% 11. 17 nm (5K 2. 14 ) .
U RIECRSSIRE ] E 235129 0. 14 dB i1 16. 83 dB,

2413001-2



41 3% 224 H1/2021 £ 12 B/RSFR

RIS ASSGRRGE T T ZARZER B/ NP TS B
PERERTEZIR AT A E RO A RO R 1 %5
Wi FE5T R BE T TSR e TR R E. %
P A HA RSN i/ i o TS 22
DA &1 20554 § 1R8I 2 NSRRI 1 S VA NS X e - NI D P2
BT E DI AL 5 A F U .

2 ARECHE DB BB RIN T LT

WS A Y R K et

MZT J&—Ffi UL ik L 48 8 18 » 7615 5 Ak
PRGU P A T Z N B AR AT DA R O T
S AT AR bk oAb B RS AR L IR AT Ok
G E e SR v E2o] G2 S e -0 T X 16
YRR MZL Z548 R = N 1) TR B — B
WIS AR A A SR A » AN in 35t 15 AR 6 LT
2FRM out2 i . 2 MZI K B2 AN ]
P o A ) R B A B TE e i AR A A&l 1 ()
Fr7n s AR CRE S B g Uk R , {538 4 735 B R
R FHIARME . At a2 s 4R 7 U AL
#H— MRR i & 78 MZ1 5% |, 3+ MRR 5

U outl
/1 out2

g —outl
-30

R e ]
3 1547 1550 1553
(a) Wavelength /nm

o

3 dB coupler

Spectrum /dB

in

S
o

&m

o _—oull ~-ouls

- M :

.:- i
=g/2 £ \

9. =2 g-30 |
w1547 1550 1553
(c) o Wavelength /nm

MZ1 J558 750 f A LA &l 1Co BT, B AT sE 8
I FBEN GE AT A . (AT R TR B R
A AEAEN D MZT PSR A 7 00 0 He e T AR
SENIIN 1215 2)MRR JHHKE MZI LR 2ER 2
%33)MRR 5 MZI 8 LB G 18 iR & R 5L
50 nm FAA TR BR) s 4) 78 MRR 3 MZI KB 5z
o5k /2 AR . AR D L3RI ) ZESEPRIfE
W ELA — S PRI - B L 08 43 6 g8 1 Can s R A
) F 43 L BE DA 09 28 Ak o X LA I R A R
Ff 121, BT Y 43 X T AR 228N, W LLRIE F 5
¥153 s MRR 5 MZI 55 [ A /N, T 20ME B 30K
AR T S R B A Y AR Ak AR Ak i E HAE
TERE 4B P TS e B /2 (AN AR, 1 T
ZREW S FEC AR S BTE A A I 22
W AR SCHR MR T — R A5 ) ] R T2 25 K I
FEAR AT IO I 48 5 58, Wi 1D Fims . FRPR
R T A2 RK DK BUEBE AR XTFR 2 X 2 MMI 4%
Hran ki MZL, I B 38 % MRR 858 MRR
DARG IR A AT I e 5 10 52 s o A v e L 52 R 1)
O ERJEE U HAD S ECR MR IR I 4L

inU L/— outl

out2

___—outl=~ou?]

V W \]
ol 1A i

Spectrum /dB
by

3oul t .4
1547 1550 1553
(b) Wavelength /nm

outl

out2

(d)

Bl 1 MZIUEWEARES R . (XK MZI 254 5 () AEXTHR MZI 2544 5 (o) 458 MRR B AEXTFx MZ1
SETRPE W A5 5 (D MIIE A MRR 4 BhAEXTFR MZ1 TS B #4544
Fig. 1 Schematic diagrams of MZI filter. (a) Symmetric MZI; (b) asymmetric MZI; (c¢) flat-top filter based on

traditional MRR assisted asymmetric MZI; (d) flat-top filter based on racetrack MRR assisted asymmetric MZI

ZUEBEARY 3 4E (3D) &5 #7R B E WA 2(a) BT
NS Horp SO A ) B A 2R 220 nm, #iE# )22
JEEE R 2 pm, 200G 2508 B SR8 220 nm., R
WM AR N E,,, &5 —1 MMI 5365 M
TR E SN E,E, 7R A MMI £

B AT BB R B0 E s JE L BB M
i 9 e BE O N E g E v » W B 2Cb)
7RI G i s A T S o

EI=5E (5

(D

2413001-3



= 41 5 5 24 H1/2021 £F 12 B/ ER

Eout 1 1
2]
EoutZ 2 11 4
WﬁEl \EZ \E;;\E4 ,‘Eﬂﬁ‘ﬁﬂn—l:‘;é%\
E,=FE,exp[—ip(L +AD ], (3

= [A, — Avexp(—iBl,) D) Atexp(—inBl,) | X
n=0
E exp(—ipL), €]

XA =" Ay =V 1—«" s i MZI R R0 3 A
MRR Z Bl #E5 R EG B R CTE I T N R AE R+
Bosn NOCAEIEIR &S DRI BB L o MZI AE
KB AL MZT P YK EE 2251, 0 MRR B REC
RBOCTEHIE R MRR PE PR B &, i (D 2A]

A5 ARG PR 1, = 200, W) 55K ) 385 B R ] L3
NN
E t ’ AZ .
T_Eoi: —il—l—iexp(lﬁlr/Z)

2

G))

A k
TIZAgexp[— i2n+1pL,/2]
n=0

@

(®)

Kl 2 R P T i an 2 F R B A

2 R S5 — 0055 R T oA B0 8 L o R — 3, IR
AT DASZEE I B BE N | 3 A S 2R AR TR B . OF
T8 I # AH DG S M S B0 1 B A AN & 2(b) i
HA, W S5 w, =500 nm. #ETE I S 5 v 4b o8
w; =19 pm, L FKE (=30 pm, L FK
& 1,=10 pm, ZEEFTEE w, =4 pm, ZHEF:
KEE 1, =56.5 pm, MHAB WA/t I E1 Y 1] B
g0=0. 168 pm,iZXF 2 X2 MMI 454 S 508 T
FATZ /R BFFE . R T Bk MZT W A
Wl o =5 pem 1925 gD I8 S5 398 o0 79 R () 1) B 5
MZI R PIBHKE N 1, =50 pm JUBHKEN 1, |
—BHRE N 1, =30 pm BB F LA DA 12
ro B BE U  , fBR i MZT 1 5 A
MRR AIIEIIE R g » B MRR A9 #2280 7,

HESKEN .. BT L,=201(Al =d7r, +44,,
[, =2mr, +20 ) FE FE A 18R R V- TE D
ARG T e PIUEAALH g TRE IR 5 L,
A, I MEFH ARUA [ =4l r,=4dr,

B
<

T
‘(\‘(\6'3'\'6"1‘

W oo
Intensity /
arb. units

2 /um

(a) 3D /R E; (DR B AH 45 28
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