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A New Spice Model of Silicon-Based Micro-Ring Resonator
and Application for Optical Filter
Zhang Bin Mao Luhong Xie Sheng Zhang Shilin Guo Weilian Chen Yan Yu Xin

(School of Electronic Information Engineering, Tianjin University, Tianjin 30072, China)

Abstract A novel Spice model of silicon-based micro-ring resonator is introduced, which can serve as a basic
component of integrated optical path. Some basic applications of series-coulped structure, such as double-ring and
muliple-ring filter, are analyzed. In addition, the tradeoff between optical gain and 3 dB bandwidth characteristics are
investigated. Results show that the larger number of rings, more precipitous resonant peak will produce the better

device filtering characteristic.
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Fig. 1 Coupling part model of micro-ring resonator. (a) original model; (b) modified model
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Fig. 2 Optical path sketch of input port
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Fig. 4 Top layer optical path sketch of double

rings optical filter
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Fig. 5 Middle-layer optical path sketch of

double rings system

T T

-
-0.05 0 0.05 0.10 0.15 0.20
t/s

P 6 it i ) I 8 B
Fig. 6 Time evolution of output wave
i R S DO AR BB D g S e i ¢ DO DA
AU ) 9 L NG 20 b R 7 L 0 I ) R B R R
FUBCLA G JE A3 I 1 A SGER o ] I o A3 38 i AT IH —
PEAL T K HEAS oo RIS B — LA =,

i FH PR B AR AU Saber 192 B8 # Th RE L 4316l 0t
FER B L, W] LA 20 5 AR BN R M RE 1 R i
W 7R, AL 7 rha] DUE S BE A R AR R 1
T G e P I IR U AR % TE AR R 0.9 I
WA AL M) 37 5 B2 O — 15 dB. 3 dB A 5y 0. 15, I PRI AH
WA 25 7 54 B 2% S 20 B M AE R B AR 0. 5 1
BRI — 2F 59 06 451 48 09 15 B T, ma b s B R AR
—35 dB, 3 dBAFGEN 1.5, A U N 5 I 25 R AR R
5 dB., [ B A 30 W 7 9 R A W) 7 5 B 2 X 45
6 2 B B A 40 R 28 B B AL T Jon 2k T e 114 DA e 5
PRI A 154G A 3 PR S IR PR OG5 1Y G HE



540 ot &

¥ 50 %

XA RBORT 0.5 BITEIE - R G0HE 2R 34 A 1) 98
PSP RS A BN A BB [ A 5
B T i i FE IR S BiAe. B HEE M
F RO HE N 17 TEHE 0 e A 4 56 S5 B0 . (L
JEAESCIRFEAR /I Y I A 417 B 119 72 AL B30/ 0 o T ik 0 L
R . B 45 FE 2R KO 3 0 IR SE I TR i
IR 032 A U L IR A TR AR 2

-15

Intensity /dB

L=0.5

0 05 10 15 20 25 30 35
Normalized frequency /1

7 S [R5 FE 22 B80T Wil L 3R B AT R A Ak
Fig. 7 Relation between response intensity and
frequency urder different loss coefficient
8 25 1 i A R A s O A S i S
MG RB Ry LA SRR B G ZRE o T L 5 0 7
P 2Z [E] Y 56 Z2 o D Hp AT DLW 3 7 58 RS G R R
ki sk, SEARLSIE BB G R A T 45 % i TSR, AT
LIH ZFAE W kb, DA E AR ZRE 3 dB
B o A IR T B 2l R A AR i P M B R, BEOR
R sl O ESCAEL /DN 0T 78S 5 T BRI L 48 X M 2%
T I 1 5 R YR R BT 6 A DR A — AR A
B RBUNT 107 WM& 3T, 3 5 ek 8] h
i FDTD #4532 545 ) — 2.
80
70}

k,=0.01
60r k,=0.05

50t k,=0.1

40
30
20
10 . : L . . : - ; I

0 0.10 0.20 0.30 0.40 0.50
Coupling coefficient k,

3 dB bandwidth /dB

K8 MG RE ks ko X RS TE R R

Fig. 8 Relation between system bandwidth and

coupling coefficient £, and &,

KO Al 28 8 ko o Reo R I 55 B2 B SR R T
TOAE RN Reu Wi 17 58 3 AT S5 R B0 (L /D
FAZAE - 0 I 5 B B R A R e Y I T L T
T TR T2 AL e I 5 R B A R S AR R ke HOHE

T 2188 (4 a0 /L T B 5 Ry 1 8T Wi 7 5 2 PO i
A LEE T 8 AN O T AE PR A BRAY by B ko DUE A
I v i )47 D4 A

Intensity /dB

030 040 050

0 010 020
Coupling coefficient k,

B9 FEA BBk ke X R G2 AR
Fig. 9 Relation between system gain and
coupling coefficient %, and k,
3.2 ZINEFIRIKF|HIET
Litter #1 Hryniewicz 2001 5 B o 52 47

PR PR A% OS54 L IF 98 H 2R B i mT LA 850 B I
R IROCHYSREE . O 175 LU I P RO i R
(RS20, 43 6 BRECR 2, 3.4 (A TR B 24T T 4
LA OCRFPE Q& 10 BT AT DAL 31 Bl & 2R 50
B BB AR I B O Y 9 R TR U, H dR /N
—40 dBIN=2)[F{KF] —100 dB(N=4), [X 3 m
PRBCAT LA S50 B v D O R R AT A R R BRI
[Fi) 5 78 80 5 001 30 30 i e 1) 55 R 22
0

_10“\\ //f,_
20RO 4
m 30 \\ =8 Lt
© I s I 7/
< —40 ey 47 _,/
B ol R _N=4 F
g - R ™
g 60} "\J\/ 9 ,vf‘\'
& 70t V’“\V(‘V r‘\' N[ H{
-80F \
-90t
100005 10 15 20 25 30 35
Normalized frequency /n

B 10 ERAT RO 2R G0 0 FRA30H T w7 58 B 114 5%
Fig. 10 Relation between ring number

and response intensity

CIEREZINEE R R ER BN I i e A LIPS
UNTEL 11 Bz AT RT LU Y L 25 A0 4B 200 A 2R 8
S AR RO AL 9 A0SR S R B BARAE
WPROGALSE ISR A A2 s AR B A SR AR A AR B
s B AR IR G A 8 o (LR HL VA 4 30 IR o 2 LU 1) 2 A
JI I R SR B A R A R ) TR R 48 L IR IR
B 2 e PR G AR BRI L BT 2R



2 3 ik M.

— Pl T Spice F ik 2 RO 't 2 U R A8 A5 Y S HLAE 0 2 IR D A R B0 R A 541

-60

-80

Intensity /dB

-100

120033204 06 08 10 12 14 16

Normalized frequency /n

B 11 FREFE A 2 B 2 30 R 1R 52 1 5% T
Fig. 11 Influence of coupling coefficient on multiple

rings series system

4 & ©

ST B M B B T A8 TE A L 18 E R 1
W L 49 1 57 S T I OR B Spice #1785 £
PR HLOT LI AMHT T OUSR L T 25 B O 2 i 38
BV B 153 3 T R 4 B B HRE B BOT R o
0 35 2 06 R L R T 2 BRI IR 28 10 4R 4
P FE 45 HhRUER G U8 T 9 S S 2 I A
4 BB B AR e 75 . 2 TR IR 2 1 B B i
XU DR BB W L BT X T2 S BB — E 1
LS 38

5 F X
1 L. Caruso, 1. Montrosset. Analysis of a racetrack microring
resonator with MMI coupler[J]. J. Lightwave Technol. , 2003,
21(1) . 206

2J. Y. Yang., Q. J. Zhou, F. Zhao. Characteristics of optical
bandpass filters employing series-cascaded double-ring resonator
[J]. Opt. Commun. , 2003, 228(1-3); 91~98

3 J. Heebner, R. Grover, T. Ibrahim. Optical Microresonators
Theory, Fabrication and Applicationsl M]. New York: Springer,
2003

4 Xu Ou, Lu Shaohua, Dong Xiaowei et al.. Properties analysis for
reflection-type filter composed of microring resonator array and
mach-zehnder interferometer [ J]. Acta Optica Sinica, 2007,
27(8): 1443~1448
VR B A BN AR B T RO IR A8 5 S Sk —
IR T WA S 3 T g e A PR RE Jr AT [T ], sk 5 5 4R, 2007, 27(8)
1443~1448

Gao Zhensheng, Li Chunfei. Optical properties of the series-

o

coupled microring resonators [ ] ]. Chinese J. Lasers, 2008,
35(5): 675~679
AR, FEC . BRI IR A ORI LT ] P Rk,
2008, 35(5): 675~679

6 C. K. Mandsen, J. H. Zhao. Optical Filter Desing and
Analysis: A Signal Processing Approach[ M]. Wiley. 1999

7 Zhang Ruikan., Yan Xiaohong et al.. Micromechanical tunable
optical filter [ J]. Chinese J. Semiconductors, 2003, 24 (4).
347~350
1S 00 70 A N 1 A I 7 ) e ORI B S o
4R, 2003, 24(4): 347~350

8 S. C. Hagness, D. Rafizadeh, S. T. Ho e al.. FDTD
microcavity simulations: design and experimental realization of
waveguide-coupled singleemode ring and whispering-gallery-mode
disk resonators [ J ]. J. Lightwave Technol., 15 (11);
2154~2165

9 B. E. Litter, S. T. Chu, P. P. Absil ez al.. Very high-order
microring resonator filter for WDM application [ J]. IEEE
Photon. Technol. Lett., 2004, 16(10) . 2263~2265

10 J. V. Hryniewicz, P. P. Absil, B. E. Little e al.. Higher
order filter response in coupled microring resonators[]]. IEEE
Photon. Technol. Lett. ., 2000, 12(3) . 320~322



