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Semiconductor Microring Resonator and Its Application in Optical Filter
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Abstract: The semiconductor microring resonator is one of the most potential candidates to construct very
large-scale integrated photonic circuits (VLSI-PCs) since it has compact structure, high-density integration and
abundant function. Nowdays it has been widely used in highly selective communication filter, delay line, sensor,
microlaser and optical storage, and becomes the hot topic in the fields of integrated optoelectronics, optical com-
munication, and signal processing. Based on the introduced principle of microring resonator, the advantage and
disadvantage of laterally and vertically coupled approach were analyzed. Recent advances and application of the
semiconductor microring resonator in passive, active and tunable optical filters were discussed.

Key words : semiconductor; microring resonator; optical filter

EREEURBRER A EMAGHREER
AR 6 0 BE PR Ak BB B 8 DR X — JR) R A AR A 7
EIRER 26 M 4 LG MOG & i . 5 Fabry-
Perot . Mach-Zehnder T ¥ 1. Ff %1 ¥ = 5t #t
(AWG) F6 R AR L , 2k AR OFR I Pk 8% T 201
BGHMERRE NEFEE, 55 HMOb RS L H R
Fr SR, BB T 2 TA A g S R R A 4R TG % (VIL-
SI-PCs) 3 A Bttt B AT, MR RS 8 2

Wi EHI:2010-12-03

T IC2A IR AR JE IR £ | I B e, 3 il &% A AR
SRR T N O T OEE R DB R R A
B 4 U A B 7

T BARBENE RS L F I B ARE A 20
W 2% B K R A A, AR SE L K 0 B, T ik BA
B HMED ks R s sh AN T X KR R A
BB T AT B A 0 DR U iR A AR D A
b, BE T AW R AR TR A TR A R

ESTIH : R AT AEHITRE 34 (TIU - YFF — 08B64) ; 20 & #5181 44057 200 2 4 (200800561121)
EEBMA AREX (1966 - ), 5, dbmmi A BRI, FENBLEAEBERE T OB,



34 b, N S S VA ¢

%05 %

B i 55 T 5 I 0 B R
1 TAERH

I B TRAR R BB E 1a iR, B H#EA
/i Bus U5 KB A 25 0 3R 38 IR B 44 B . Bus B
SHER—FEERACTMERNAEREE, 5
— 5 RREIETE R F B AL i, T IR
Fe 24 “J6 " (optical reservoir) , 5 1 2 1 ¥k 5% 14 1 O
AT 0 , WA A 25 W 4 J67E Bus B 5 A TE 1 R
fE Z T A MR EL A R SR T

& — 1I— !
, Add : [ o
g FSR
Bus 7 Th h
us WG rough E
Resonator T‘;O.Sf >«
p g FWHM)|
6rop X . Bus WG & ] i |
z ' Drop |
: P |
Couplerl i ;
Input_6 0 I ASETE K
> Wavelength
(a) HLRYZERY (b) %y s me R

1 R iR AR A S B 45 4 A0 4 e R

WO IR 28 B TAEJR B 5 Fabry-Perot BE2510,
AR Z AT HIE A 5 BE B R AR5, AR =
WA S T . X T B 1a BT s B BB G54, 2
I Bus B FROLERBIM S A 10, 3o H
AR IRRE S, BEEE LR E R XME
w2, BLE AR 6 Th SRR A Bl Bus S, T
4R W G ARSE T B N A& . 25 TR JE AL I O 06 2 0
P, AT 058 . ML AE B 2K, B A BB —4

HA AL Tl R G, B AR R B A O
FE, 6 2 AR 2% 1R 19 06 2 38 A Drop Wi i, HR
Jt M Through i i, 40 1b Bras . A 1b H AT LA
E 3|, Drop i ¥ 14 24 % 543 , Through % it i
551 . Drop i (2 Through 3 ) % i B9 AH 4R 2 118 ¥
I 2 8] 4 RO B K AR A B B OGS S B (FSR) , T
P Ui f) 2 1 4> 58 ( FWHM) BRI IR FEBE (LX) . it
HbRAEMIP IR & I XS HOE AR M E (F) M
mBRET(Q) MHMERE XN FSR AL ZH,E
MY B XN RZWBIWIGER 1/ B,
S0t MBS 2n BTRAR . R B T R S 1 AR
BB IR A0 5O ZIH.

2 MEIK

B R, ORI IR 40 K6 5 A Bt/ H R I iR

BERME e A 2 . —F 2R ST 3 (MMI) 2L
RLH) MMI #85 #8%, 75 — R 2 & 1a B s 59 77 6 3
Far . MMI #Ea8 i LLRBERS B 9 3 dB #& , Bl
HFILZAX B, AR Z AL —ET MMI #4558
HERSE R . BT I8R5 % #8 & R BCEE W 88Uk, B
T 3 F MMI 6 B U8 P BEXE LA B 4k . 5 MM
AR, 7 IR A 25T DR HME R B S,
HM#EKERE,EE R HE R ED, FEEHE
REROLZ Bk S RETLZHKER, HHTME
RYTH , 5 LR R B AL, R T 7 B RS
e BRI IR IR P AR Z A .

HRAE#8 G #% 1 Bus -3 M8 I i =2 75 12 [F)
— AN, R R 1 AT 4 D A B 2 B s 69 e
#54 (lateral coupling) FIEE H 84 (vertical coupling)
2 FhEEST FEM 1 B A 45 H R, Bus S MERE B
WRIEER—FHEA. AT LA AEE, BEHFER
&R A R EE/NT 0.5 pm BT RIFEA #5. /N
A ) BE N AN SR 8T 20 0 T2 4k A, T L o % 8 1
R 1 R 22 K

(a) U FE & (b)EEMEE
H2 #BEARTEHE

S G A F, = BG4 Bus IS
TR M 18] B R 5 RIS pl S S AR K BT AR B R
PeiE , BT LU A B B A O R R HOIR, i
T EME S Bus B 5 MR 894 B4 1 20
B, R AT LA 7 s A A B BRI, AR 4
FRN PR, R EWL MR RANTER
XL, EA T 5 MBE . BIRTEERES B
AHE-RIMEE BEEERARED SFEAK
(regrowth) He AR ! H T2 EME 4%

3 N M

U BT , 2 S RS 1 P 4 7E 4R BB TR O 2
IV 5 S B R RO S BT H B A
BN, E AR B A 7 TH R R XERY . R T
WA, IxX AU AR TCUR A TR R AT A R B A% 7



E1H

PR E IO A T AR PR A B 7 2 B B P Y B 35

T 4 oL P A 5 T 0
3.1 RREEHKHF

T T2 BRI IF VYR 25 5 187 BRL A 45 1 2 B D U
Peasl 781 A 1 MR Bus B SRR IE IR 1 000 1 5
& BB RS 2 R Bus 3 SH4, W H 5 a0 &
la T 78 B9 Add-Drop 8 25 . M 17 #8 & 45 9 #8 &
BB /N, T2MERE K, 0 T FEAR T 200 B, 48 5 8% 1
HERE, R A RIR T SRk M A5 450, iIn & T
) /1 K A B BB T (racetrack) G544~ 11 2 F MMI
BERaEmI I NE RS SR

B AR B YR U AR Y 5 A0 R & T2 AT A,
L& 16 2% 2w 7 ity 2 B ) 7 A 3% 4 B A (WDM)
RGEHHB . WM REE R FEEHEE &
R (box-shaped) 1% i B XM FE B9 FSR . B 73 7 &
BRL0-16.17) SR R 3 B R B SR BE SR E B S AR A Y
T B R B A LA T O 4E TR FEBEWY A AN A H S
AR W 2 WDM B8 R B K

o
i | — I
© | |
S
(a) B3 B £ 3£ (b)IFBEL 2R
B3 SHMEiREEFNEHEE
2 I N =T
£-20r 08 Ll =2
z £o.6 o ==
40k S i
= o4
S -60r 0.2t
g . ok |
e 4 -2 0 2 4 -20 -10 O 10 20
Normalized Bandwidth Frequency/GHz
(a) BERFE A (b)HERFB S

B 4 75 iR i es o 57 % m R

B 3a Fr s B BB BR AR A 458 B9 Drop i i H 1R 7
WA 4a i, #EE H B R B E , IR I8 1 R 8
ek & ok m gz 181 2000 48, Hryniewicz e A0l 7
AlGaAs/ GaAs P FF b SE B A ER B DU U8 U 4% L 5
IOUR AR B VR MR 2 £, FF R H 3k 30 dB. KRG
ZEH Drop 3 B9 % H 0 B2 AN E 4b BT[], 5 s R
B, BEEFRA IR B G I, Sy e R f 3
WOPHEMRMESEEDEENE. YBAAH N=4

B, i HH RS BR 2R L 52 28R &R . 2002 4F, Grover
FAMER InP HEIHFEK =N BB A FSR 5 40
nm, & Xt 7 B IR U U AR A 4 R, TR R B b B BR R
Weas ik 2.8 f515),

3.2 BiREHKS

BRI BT 2 H AR5 T DL Bk R R
e 0 me o7 A4, L TC YR I8 5 Y P R £ A5 0B U
AR ERRRAL, I Y R A EM Q HF K
& RHBRIBBE AT AAMEIC IR FE, Bt iR I
R, T EL 3 R I 1 U O A A0 SR SR SC s 2 4. B AT,
BT BRI RIR AR B A TR IR B A A R Rk
TR % (SOA) 13161 4 A5 R 2 Rl 12024
&M SOA ZFETE LI FH I AE L KER SOA
FAMECHFE , 2 F THIE XN 582 H SOA BRI
WS CER[11]7E InP ELIE IS E % B GalnAsP
&2 FBf SOA *MEHIFE, LB T FWHM =12 pm,
Q =130 000 FY A P8 &% , HAE BRI Prim & T IR
.

3.3 WEEIEKSE

H T 1 A 1% 2 0 B 45 R B A U B0, DR U AR A IR
WK SROHERE—E M2, B T FEEH SR
A 15 T8 1A B X, TR B 8 7 I 0 Dk B B9 FSRU2L,
B P FROG RN | B 6 3800 R AR T I

PO 850N SR A A IR B A R R B AT A AR,
PRI A B P KA A B B9 . 0 Si 3 SIN B R g
WARKR T 30 pm/K MEOERE, R FEE KX
1.4 nm!?) i1 F SO, KA F R, SOT % g I 25 A
A R PGR I, SCHR (23 3R B B PR U8 U A Y A
HHRFGE 0.11 nm/C , WK IFIEEE K F 3 nm.

55 ZFP R 5 R E R SR BT A R A E AL
L. BB 2 SRR R B FOBRBON AR 55 , H B OB IR 1
FERGEFEENDESR), 7T T 5 HEAE. 2004 4,
Grover % N4 sz 31T o o6 18138 Y 2R 3R 0B Uk 2% . 3L
BB AIR IR KRR INE 5 B, R IETE
FElik 0.8 nm, “WHEIERE N 2.3 X107 cm?/ V2.

X F BREE R T AL FRE & 192 SRR K
i, AT DA o AR T R R i 1130280, 2005
., Kim Z A2 T i SOA, MMI 14 4 I 5145
ZH R A VR AT A R AR FE IR B L A /N (<20
mA) B}, B E WK R R I IR IR R R,



36 b, N S S VA ¢

%05 %

2.888 2F g
2.888- Experiment o 15535 :‘En
W I i
:22.887 87Qusaratlc fit _i 22;:—5
©2.887 6 -8
= 155328
$2.8874- ®
£, eg70l 15531 £
= 1553 &
2.887; -~ 2
5°4 6 8§ 10 12 14 16 =
Electric Field/(V/um)
B5 BiREKMEHHUXRE
1.0 —
! ~ 0mA
~ 08¢ ~= 0.8 mA
3 Tan
~ 0.6/ - 2.4m
= 06 - 3.1mA
§ 041
E
02 \
A AL -
0 1534 1536 1538 1540
Wavelength/nm

B 6 RE N M

ELFF 2 L3 i, 24 5K 3l e i 3 K 3 20 mA B, FF R
ik 14 dB, B KEE K F 1.2 nm. [ 4, Choi
ST % NIRRT InP/InGaAsP 38 I 5 19 ] Va1
WIRES . BT S R RRRR T 646, Wik, 3R
8T FWHM =0.017 nm, F = 600 9 = 7 B & 3%
2, E 6 B EARBTAE 0~3.1 mA B, B3
KK 2.72 nm, fFEREE KT 15 dB.

UhAh, B F IR ZRE TR R REN £
ST R i g O AR 12028 (B B B RT M 1k, B R LA K
A ST R T

4 ¢ R OB

mERR, EREENAT $FEBYIFEIRE
A9 AR JR B R REAFE AR & 7 0, BRI E R B S T
FCAE TR A VR A0 AT 8 18 2 IR BT T 19 ST E
RO QUSRI IR & 78 06 27 U8 B 07 TH B9 L AT T
VLA, B B IR 3 3R JE 2 18 SR 89 BT & A B
# L LR ANBTESCEE, /F ot i T4 1 5 [ B A9 2 A
FITRE IR , FTE BT B O 22 % 1 A0 — 4E 58 A [m] B% U5 T
4 02 2 28 R 5 ) [ P SR SR AT 7 4R 7l
FEEN, ARG HAE A8 A, S
RAEER BT [B] 3 5 [ B, ORI R A 706 2 R 4k
PERIONE B R Bl g 2 S5 R Tk ) B 5 T A BF 9T 4 IE
H a5 2 Bl F R0 . Bl 308 18 IR s 4% 1F B0 TR A BT
FERMBAH & T 2K B9 A b 42 5 , 7T LA L A9 2

W R LA AR R IR R R SR R
9 37 TR0 B0 R 2 [ . 240K, LR R SRt S B
b FA IR B AR TR AT YRR , 3 10 R i 9% A% A
Tl K I A e A PO S B 2 TF R TR
o7 F 45358,

£ % 3k

[1] Driessen A, Geuzebroek D H, Hoekstra H, et al. Mi-
croresonators as building blocks for VLSI photonics[ C]//
Microresonators as Building Blocks for VLSI Photonics:
International School of Quantum Electronics, 39th
Course, 2004, 709: 1—18.

[2] Rabus D G. Integrated Ring Resonators - The Com-
pendium[M]. Berlin: Springer, 2007.

[3] Geuzebroeck D H, Driessen A. Ring-resonator-based
wavelength filter[ C]// Wavelength Filters in Fiber Op-
tics: Springer series I optical science. Berlin: Springer,
2006: 341 —379.

[4] Zhou L, Chen H, Poon A W. On-chip NRZ-to-PRZ for-
mat conversion using narrow-band silicon microring res-
onator-based notch filters[J]. ] Lightwave Technol.,
2008, 26(13):1950 — 1955.

[5] Grover R, Absil P P, Ibrahim T A, et al. III-V Semi-
conductor Optical Micro — Ring Resonators [ C]//Micro
resonators as Building Blocks for VLSI Photonics: Inter-
national School of Quantum Electronics, 39th Course,
2004, 709: 110 —129.

[6] Choi S J, Peng Z, Yang Q, et al. Tunable narrow
linewidth all-buried heterostructure ring resonator filters
using vernier effects[]]. IEEE Photon. Technol. Lett. ,
2005, 17(1): 106 — 108.

[7] Absil P P, Hryniewicz ] V, Litter B E, et al. Compact
microring notch filters [ J]. IEEE Photon. Technol.
Lett. , 2000, 12(4):398 — 400.

[8] Grover R, Ibrahim T A, Ding T N, et al. Laterally coupled
InP-based single-mode microracetrack notch filter[J]. IEEE
Photon. Technol. Lett., 2003,15(8):1082 — 1084.

[9] Hryniewicz ] V, Absil P P, Litter B E, et al. Higher order
filter response in coupled microring resonators[J]. IEEE
Photon. Technol . Lett., 2000, 12(3):320 — 322.

[10] Griffel G. Synthesis of optical filters using ring resonator

arrays[J]. IEEE Photon. Technol. Lett., 2000, 12
(7): 810 —812.

[11] Rabus D G, Hamacher M, Troppenz U, et al. High-Q

channel-dropping filters using ring resonators with inte-

grated SOAs [ J]. IEEE Photon. Technol. Lett.,



%1l R EICF 2 TR IR 25 I 7E 62 1B U o 19 B A 37
2002, 14(10): 1442 — 1444. [21] Amarnath K, Grover R, Kanakaraju S, et al. Electri-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Rabus D G, Hamacher M, Heidrich H. Resonance fre-
quency tuning of a double ring resonator in GalnAsP/

InP: Experiment and simulation [J]. Jpn J Appl.
Phys. , 2002, 41(2B): 1186 —1189.

Kim D G, Shin J H, Ozturk C, et al. Total internal re-
flection mirror-based InGaAsP ring resonators integrated
with optical amplifiers[J]. IEEE Photon. Technol.
Lett. , 2005, 17(9): 1899 —1901.

Absil P P, Hryniewicz J V, Litter BE, et al. Vertically
coupled microring resonators using polymer wafer bond-
ing[J]. IEEE Photon. Technol. Lett., 2001, 13(1):
49 —51.

Grover R, Van V, Ibrahim T A, et al. Parallel-cascad-
ed semiconductor microring resonators for high-order
and wide-FSR filters[J]. IEEE ] Lightwave Technol. ,
2002, 20(5): 900 —905.

Schwelb O, Frigyes I. Series-coupled microring res-
onator filters with embedded semiconductor optical am-
plifiers[J]. Microwave and Optical Technology Letters,
2004, 42(5): 427 —432.

Ma C, Yan X, Wang X, et al. Box-like spectral re-
sponse of 2-D microring resonator arrays[]]. Opt.
Commun. , 2007, 273: 105 —113.

Litter BE, Chu S T, Absil P P, et al. Very High-Or-
der Microring Resonator Filters for WDM Applications

[J]. IEEE Photon. Technol. Lett., 2004, 16(10):
2263 —2265.

Hryniewicz ] V, Absil P P, Litter BE, et al. Higher order
filter response in coupled microring resonators[]J]. IEEE
Photon. Technol. Lett., 2000, 12(3): 320 —322.
Troppenz U, Hamacher M, Rabus D G. All-active In-
GaAsP/InP ring cavities for widespread functionalities in
the wavelength domain[ C]//Indium Phosphide and Re-
lated Materials Conference, 2002: 475 —478.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

cally pumped InGaAsP-InP microring optical amplifiers
and lasers with surface passivation[]]. IEEE Photon.
Technol. Lett., 2005,17(11): 2280 —2282.

Amatya R, Holzwarth C W, Smith H I, et al. Precision
tunable silicon compatible microring filters[J]. IEEE Pho-
ton. Technol . Lett., 2008, 20(20): 1739 — 1741.
Nawrocka M S, Liu T, Wang X, et al. Tunable silicon
microring resonator with wide free spectra range[]].
Appl. Phys. Lett., 2006, 89(7):1107 — 1110.

Grover R, Ibrahim T A, Kanakaraju S, et al. A tunable
GalnAsP-InP optical microring notch filter[J]. IEEE Pho-
ton. Technol . Lett., 2004, 16(2): 467 —469.

Choi S J, Peng Z, Yang Q, et al. Tunable narrow
linewidth all-buried heterostructure ring resonator filters
using vernier effects [J]. IEEE Photon. Technol.
Lett. , 2005, 17(1):106 — 108.

Schwelb O, Frigyes 1. All-optical tunable filters built
with discontinuity-assisted ring resonators[J]. J Light-
wave Technol. , 2001, 19(3): 380 — 386.

Rostami A, Rostami G. All-optical implementation of
tunable low-pass, high-pass, and bandpass optical filters
using ring resonators[J]. J Lightwave Technol. , 2005,
23(1): 446 —460.

Rostami A, Abbasian K. All-optical filter design: Elec-
tromagnetically induced transparency and ring resonator
[C]// IEEE International conference on telecommuni-
cations, ICT-MICC 2007: 51 —56.

Robinson ] T, Chen L, Lipson M. On-chip gas detec-
tion in silicon optical microcavities[ J]. Opt. Express,
2008, 16(6): 4296 —4301.

Li X, Zhang Z, Qin S, et al. Sensitive label-free and
compact biosensor based on concentric silicon-on- insula-
tor microring resonators[J]. Appl. Opt., 2009, 48
(25): F90 — F94.

(k3% 25 W)

HMEHRITT G F AR R SO R AL 3 O vk B b B
RB R AR BT B BT ROR B L PR LED S8R B %
RV ZAE B ME, wt B RoE &2 U B AR 2
BRI W R B U AR T B RS R R, i
LhRERGHEHBRITAE ~ENER. BHTEMNK
THE 38 PR J5 A R 15 B B 1Y 52 bR 5% .

£ % 3k

[1]

Y. LA 2 MG B (M. #7 VL 3 70K 2 i

(2]

(3]

[4]

JAt ,1997.

IR SER R TR M), R KRB R¥EHR
#t,2003.

Wei Tai,Rudolf Schwarte. Design of an aspherical lens to
generate a homogenous irradiance for three-dimensional
sensors with a light-emitting-diode source [ J]. Applied
Optics,2000,39(31) :5801-5805.

D wood. Optoelectronic semiconductor devices[ M]. UK:

Prentice Hall International,1994.





