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Theoretical and experimental research of coupled optoelectronic oscillators

XU Wei, JIN Tao, CHI Hao

( Department of Information Science and Electronic Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: In order to study coupled optoelectronic oscillators ( COEO) further, the mode selection theory of COEO
was expounded. The phase matching condition to maintain optimum mode-locked state was given. The affecting factors of
phase noise of radio frequency signal were analyzed. The experiment of COEO based on polarization-maintaining mechanism
was conducted. By adjusting the polarization-maintaining variable optical fiber delay lines in the optical ring cavity and the
optoelectric microwave oscillation loop to change the cavity length, the relationship between cavity length and oscillation
frequency was obtained. Meanwhile, by using the frequency discrimination method, phase noise performances of SGHz
radio frequency( RF) signals under different operating conditions were measured and the effective factors were studied. The
experimental results demonstrate that oscillation mode depends on the cavity length of optical ring cavity. Optical signal
polarization, phase matching and loop length have influence on the phase noise of the RF signals. The coupled
optoelectronic oscillator of SGHz RF signal and phase noises of —136dBc/Hz at 10kHz offset frequency is obtained, whose
phase noise is the lowest in our country as far as we know.

Key words: optoelectronics; coupled optoelectronic oscillator; oscillation mode; phase match; polarization-

maintaining ; phase noise

AHAIE P IR 3 — 163dBe/Hz, [H I, S L iR 7 4 9
JE T AR R IR I R SR RS

SES MR G A, G HIRG 28 77 R E@%%@)ﬁhﬁ“ﬂ o MR % (coupled optoe-
S S TE , A B e N Lk 22 2 LA 75 #62% lectronic oscillator, COEOQ) A Ly~ kPl sh . S EE
PO S PERE SRR O §E 5 , 56 OEWAVE AH] ity ek ol , 2662738 175 2R G0 0 b A
A7 R R i ' HL IR 3 7 AR IR AS AR 10Kk HZ A g TR0 L COEO WG IR IE s BA 1R
F BT R (Q B) , T LME i Q Sl as 14,
AR M A SRS 5 0 O T # i COEO AYEEsE

51

T

FBUH - E R A KRB BIITH (61275027)
PR AR 5(1988-) I3 AL A 5 2, B 2

AL S P JERHITHIGIR 1) CORO, V6 224 X7 T
# IR AN, E-mail; jint@ zju. edu. cn }Ei@lﬁi%\ﬂ%[”ﬂ o 2000 4, YAO % N K42

Wk H 359:2013-12-09 ; Y EIE MR H 11:2013-12-10 T IEF Y FARIGHK A COEO g544, EPERIIA T



>80 T TR

2014 9 H

COEO fyRisCxIvEREE' . N TR E R A MK IR
FEME,2005 4F, YU SR 73T IR T BRIE S5 IR 1)
COEO RasEME 2" ol 1 ole st SO 135 5 ) A o M
FE R K o B 88k} 2l 2007 4, SALIK 58 A FE
COEO Z5#yh 5] A T B H LT UK A AR W YL T Fi
RS CET , A5 T W A5 558 10kHz Kb AH {7 e 75
— 150dBe/Hz FY5TH545 5 0 2fs B3 6 bk b
2011 4%, WILLIAMS 25 A 31238 7 3% F 68 35 4
ATHLEIRY COEO, £ 1 HAR 7 M Z i A e v, 2>
T AEEIREE FIA LA 2 55 R 2R 52 e, (X R 2
1) COEO Z5#9 5 4=  iAS B v, BRI 1 & A HET 1L
AN RS TR T —Fd ABUE R COEO,
[FIEHRIFSE T SAL A5 5 i 3 A Tk 5 T A B
SETERIE R, 2012 48, LOH 28 A 32 H T 35 T
BRI 2O 5 06 R UK #5119 COEO , X 4
FA AN TG B O A% , TR T RS 4544 , /£ A 60m
FE R AE IR R AR A T (B 450 35 10kHz Ab AH {37 e P
- 143dBe/Hz (51515 5",

YAO ZESHCHRL 7 I k32 T COEO [
AXFHERE . XIS B, BRE IR 5 i S s =
PR 1 G IR TE R0 G W i iR 32 2 % A ] e
FE , BV SEIIE IR 18 41 35 158 =X DG H f0k IR ¥ 240
BRI HE DL RO, R A BRERR . 28T, 1E
FAEA RIS P & B, 1% BRIE FH N REAR I il e Lk
SCIGIG o A SO BRSBTS SO IR G A
AR BRI PR 5 B e B AR DT B 9 251, 3
WEATSEIRIIE . [RIE, Bit IF44  T I AR AL
IR A SO IRG & W TEE S I RIRES AHAL
VERE A PEAS BE A 52 00 COEO S A3 15 5 AR 67 M 75 11y
2, LR k15 17 Im A6 0 %8 10kHz Ab A0 37 B 5
- 136dBc/Hz [ 5GHz Y13 f5 5, X2 HETE N B
HIF AR A e 75 e (IR COEO,

1 &

COEO SR 7 e MG HL BB IR 7 4% 10 A
FRHAHE NG 1 R o IR I 4 & AL 4%
P I i, NI I rp 3 U M5 5, GOt L et
J PR 1k P Y08 D5 i AT (A3 20, SRR T
R HOR, feJa I 4 LiNDO, 5 & 8 il s , XHE (5
SR

JEHRIE I A 4IR v25 45 5K JR A A 4 DR, AR

IR Aw, =27 o n LR T L O

erbium-doped
fiber amplifier

L
LiNbO tical o
modulator i’ P
[ ]

L

optical
coupler

phase ghifter

electronic o photodetector
amplifier

Fig. 1 Schematic diagram of COEO
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Fig.2 Experimental setup of COEO
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Fig. 4 Output RF signal of COEO with 7, ; =10ps and 7, , =120ps
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Fig. 6 Single-sideband phase noise of 5GHz RF signal
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ring cavity ~ d—phase match, optoelectric microwave oscillation loop

length of 1000m with polarization-maintaining optical ring cavity
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