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Dual-Loop Optoelectronic Oscillator with Reciprocating Optical Path
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Abstract A dual-loop optoelectronic oscillator (OEO) with reciprocating optical path is presented. The utilization
ratio of delay for a fiber can be doubled due to feedback modulation after the optical signal passed through the Mach-
Zehnder modulator (MZM) twice. And two optical loops with different lengths can be formed in the same way. This
mechanism is based on the theoretical analysis of the oscillate condition and mode selection principle of the dual-loop
configuration about this dual-loop configuration is analyzed. Furthermore, compared with the conventional
optoelectronic oscillator, the experimental results show that such dual-loop configuration can effectively improve the
side-mode suppression ratio and the side-mode suppression ratio is 48. 33 dB. the single side band phase noise is
—97.35 dBc/Hz at 10 kHz of frequency offset. In addition, the consumption of fibers can be reduced and the control
parameters are sampled since no extra active devices in this dual-loop OEO are needed. The random interference and
beat noise can be eliminated when the signal in the two loops transmits in opposite direction.

Key words fiber optics; optoelectronic oscillator; feedback modulation; side-mode suppressing

OCIS codes 060.2320; 060.2330; 060.4080

= = MBI REM SR ERE. H AT R ADE TR

PRMOE FHARS 2R RDE 7 HOAR B I ok 52
B B A IR A AR 5GBS 3 L 4R 15 21 T )
R K& BRI THORPI TN A 2Bt
TGS R AR AR — A ARy B E R

rFS B HA: 2013-10-10; Y ZEIME AR HHER: 2013-11-19

AMBEES N T EAERZ, Hdhoad iRy et
(OEO) PAH: = 5 BT 0% L B 15 5 7™ AR R M 3RS
Tz K.

OEO J&—/~ i eI B G il 2% KB 2F (FE

EEWA: BFEBRPFERES 61061000 FHF ML FH AA STHHRI (NCET-10-0099) 520 44 075 F E R A A

LI 5 4:[(2009)09]

EE B AT WA A989—) . L BT AR, 32 2 g8 i o8

E-mail: jhliang1989(@163. com

2130 5 AR GE MR 7 $OR O T BB 5E

SURE ST U0 FRA975—) B W U . EE NS EEOL L E A R RO TR DT R B .

E-mail; jiangyang415@163. com Gl {58 & )

0406002-1



2 i

g BEAY T ' HL A5 0 85 L el R R 4 R U8 U S
M IE R PR 5 [ . © A 1 OEO BF 58 45 R R B,
OEO RGAHEMN — N EEREEES & QHE 5
BMH Z E M FJE. X T OEO RS, ik 4 M)
Q(Q = 2nfty) fH™ HBE = 7E 2 B b AR 154 37 1 i
] P . o R IR G 1 G5 TR I %
i — P A st ) . R DR B4R OEO BE 4 Y 5 5 a2 19 L
PefF's T 21 OEO iy gt 2 KW IRk, St
() B 3R R I R B IR e T A R iR AR 2 2 T Y
AN ASCAf = 200 Hol e Iyl an Sy BT 4

R LN AT RLE I8 iR e B A58 I Rl g
AN BB FER BETEBUT HME LR IE OEO [ Bl B
B, AT RARLL L MBS 4R T — SR
ZLOREAT LI UL TF W ZE: 1) Yao 0 R Y
Il 2 JBR 08 A 5 B R R T O 3 TE B/ A b BR
CEO IR ok 78 DR B £ X — S5 B A 1R &
MO8 A% Q A FE S LI 1 AT T R A R s,
Ry G4 AJRRE 3L L AT IR I 22, — e R R
#il T OEO 1 FTE 5 2) Z 3R B 450 , Yao 45117
F 2000 A4 H TG HIE A 1B OEO 254 , & Fl
FH G AN A [ i 4 ) 2 ] 356 MV A R 3 & 11
ST F L H X — 7 FR 0 TP A O L e e
BeE R G E 2%, WK Yang VY F
2007 AT ORI & RUIE % 45 48 1) 6 L AR % 2
X — 5 G N T 3G AT AT AU g 48 B AT S B X ER
OEO R4t Wik 8 T K 4 i 1 B3 ) 08 3 X —
J5 G BT A0 Hb A ) N T O 3 1 i i 2 4
AN R s Zhou Y HH T X OEO H: A 81 € 1
(DIL-OEO) J7 % , I J7 48 BB AR A5 0 it [ 0 1) 0 1
SEEHREWE SRR OEO M H A, Xk K H
BT RGEH A

FUHR T 75 o D54 LB JH% 245 ) 2 — R T AT B

Gy AT 5 B SR T8 I A s L kT R KO
LMK TR & W R T REERB. BT
743 F G RUER B OEO 2 % (14 370 8 40 i f 45
[vi) B 7 Ak 42 1 5 B3 AR 6 2 4t st/ AR R AR S
T — Bl R 1R R U R SR OEO 254 . iZ 451
AN A 5 A 1 A5 T A U B O 21 K RE Y TR
B A4 B AN B AIR T AR G Y A R AL T 4R
SRR TET OEO Ay sz k.

2 SLE )

JIEHE R OEO g5 an i 1 i . iR &
MRS HRIES (CIRDA 1 O 2 DJ5#EA L
i R I 2 (MZMD . MZM %6 3 3 47 8 16l
JE AR Ry Ly B 6 EF I 45 B I 35 44 BT 15 1K GR
[l MZM #1598 . w9 E H G R 5 4l
CIR1 19 3 MG K BN L, WJGLF FR R AE I, i 5
2t F I (PD) 5 4 Sy i A 5, I 48 8 I L 0K
JETE B P A I R TR . i OB T DU L 7R
OEO Wi fT ¥R % M55 401 T W 5, IR X
TR IE I SRR TR N 2L, 1 2L, + Lo (61 . 40
1M 7 Z - OEO 4ig 5 2 B v i) 585 — 0 o ol 90 — A~
AR FE 2 5 S0 W B 15 5 4 ) D IR B 2L,
2L, + L, (ARG5S I X — S50 5530 T —FPot
SFORUIA s 25 48 AN I B B 43 5 o8 2L R 2L, +
Ly, XF Bb45 #4947 m I 77 AR S i ik o 3 ik 0 47 4y
Br o R PR 6 S0 0 3 IH 56 &R

V.(w) = [grexpGor) + grexplur) Vi (w)
(D
XV (o) ARG — G M ERIF. g g0 7031
N 1.2 PRSI SR 2% o e N T A E B R
] o FE TR e 4R 5 e » 0 H Dy

Voulw) = Z[gl expGary) + grexpGar:) ]V (w) =

i=0

‘7()
1— [gleXp(ijl )+ g, eXp(ijz)] ’

(2)

A Vo KA S R S AR L AR R R IR P(w) = | Vi [P/ (2R) LR Ayl HL I 25 A BELATL .

P(w) =

1V, |2/ C2R)

3

ok Sk Y, BT A
1+ ‘gl‘er ‘gZ‘Z_Z‘gl ‘Z‘gz\zcos(goz

1+ \gl ‘2+ ‘é’Z‘z_Z‘gl ‘z‘gZ‘ZCOS(SDZ_Sm)_Z(‘gI ‘ZCOS ol ‘8’2‘2005 502)’
:—Et':'j @1~ P2 ﬂﬂl\Zﬂﬁﬁ\%%*E‘J*Hﬁ,Eﬁﬁ%U% ©1

ER (20 e = BRI+ L AR 55 S

—¢1)—2(\g1\2cos¢1+\gz\zcosgoz)=O, 4

0406002-2



A GBI OO O 8 3
fiber L1
1 92 R
optical source CIR1 MZM @ re(ifilcizlge
fiber L2 Ao
er : > delay path1
1 -7 output
T
' delay path2

- | filter

1 W OEO g5t HE &l
Fig. 1 Structure of the dual-loop OEO
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Fig. 2 (a) Experimental setup of the conventional OEQ; (b) experimental setup of the dual-loop OEO
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Fig. 4 (a) Electrical spectrum of dual-loop; (b) comparison of phase noise
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