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Influence and Suppression of Coherent Rayleigh Noise in Fiber-Optic-Based
Phase-Stabilized Microwave-Frequency Transmission System
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(National Key Laboratory on Fiber-Optic Local Area Commumnication Networks and

Advanced Optical communication Systems, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract Distribution of phase-stabilized microwave frequency reference over a wide area is a key technology in a
variety of applications including long-baseline interferometry for radio astronomy. fundamental physics metrology and
multi-static radar system. Based on the round-trip phase correction. a theory model of phase-stabilized microwave
frequency reference distribution through optical fiber with opto-electronic delay locked-loop is established.
Theoretical and experimental efforts are made to investigate the influence of the coherent Rayleigh-scattering noise
on the system stability. Coherent Rayleigh-scattering noise not only leads to degradation of signal-to-noise rotio, but
also further degrates the stabiling of remote signal by transforming phase locked loop into residual phase noise, which
is the key factor of phase-stabihzed transmission. A dual wavelength transmission technology is proposed to overcome
its influence, the concept by transmitting a 10 GHz microwave frequency reference over 100 km single-mode fiber is
demonstrated, and the root mean square-jitter is measured under 730 fs at the remote end.
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locked-loop; coherent Rayleigh-scattering noise
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Fig. 2 Schematic of single-wavelength phase-stabilized microwave-frequency transmission system using FRM
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Fig. 5 Schematic of dual-wavelength phase-stabilized microwave-frequency transmission system

0506004-4



I £ R B i 31 25 A i b AR T B 4] IR A 44 2 ) -5 410 46

P 6 S A 14 22 S MR [ A 3 S 64 B £
S 3 SR LB A5 T A IR EC AR S A W 2
i M) ISP MR P A B A R R AT AR AIE T AR S AL
HBRLAESAE

.
5 700 Oy

b
B SWmDECS WA
B GwmoBC1 WA
N

1PRPR G5
705.4556mV

= ZAMSJ G5 WA
56031
BPkrk ¢ A\,
L 2raemimy |

6 WU KRR A& R G P L a5 7 (C6) Al
iR [l 55 (C5)
Fig. 6 Remote signal (C6) and returned signal (C5) in dual-

wavelength  phase-stabilized = microwave-frequency

transmission system

7 O B A A e A M g T4 R, 28 100 km
JCET A i I AR AL AR L CPAT 3R IR 28 A A IE O 36)
ARG B0 T+ 005 P9 BP0 R XL A 7 o A A 45 4 v
&S AL RS B ) A AL . SRER R AR R
Ol P JIE 8 B A 5 R AT AT R0 AR R D 2T 114 4% i
BB 10 GHz s 5 19 100 km R A& 4. 4%
1T 5 5 i I 01 A A% i B A 5 RE 1 22
SROEE g 10 A O T R LR A A8 R R L L B2
7 SR BRY R T B M) HICRS AR R ) 2 T A0 A S 5 B
Pk RGMELLRAG B3N T5 5 A0 16 (1 ps)H Y
8 fi o T R FH R Y 28 8 AT A7 2000 e AR F i 41 HIC
S TR0 T AR A B 8l /N T 1 ps (0. 726 ps) IR AR

101 L

2 * single wavelength
= / «-.open loop 100 km with
g # dual wavelength
=} (3 wtclosed loop 100 km with
Ul) single wavelength
= +-closed loop 100 km with
o] / dual wavelength
........ - 1.384 ps
1UL
0.7252 ps
) ) ) ) ) 0.7()32 ps
0 1 2 3 4 5 6 7 8
Time /min

Bl 7 PR T AR IR IE R AR LR
Fig. 7 Performance comparison RTPC system under two

experimental conditions

fLe ki » 228 i {5 B A 62 249 05 AR B 3h BE AR T DA B %
8 Jiy A% i g LR AT B8R — 2K

4 4 s

BFFE 1 5 T L SE IR B A9 BB 5 5 KRB B O
LR B AR 2 B 1 A T B M) O R X AR G
FEARPERE R R0 o 3 A 2R W 6 1 I B ARG AR A% i
H T R 0 A O T 3 LUSRAS L R 0 £ IR
FU o AH T M) BT I PR R AR A 0 AR RE T Y
HE R B A R T RO A AR A A%
R AR T A A T M B RSB T
10 GHz 55,100 km PG EF AR A& 4 . 1% i )5 5 5
B B RARGL R B 726 fs. /N TAE 5 I 14,
5T 25 R W] 2R O Fi A 38 BN FI XA HOA L AT
PAA BURSE DL 2T 19 4% i A 38 L 40 14 D' 25 19 A0 T i A1)
BT A R — BT 47 B A R RS A AL R PR

s & X #

1Jun Ye, Jinlong Peng, R. J. Jones e al.. Delivery of high-
stability optical and microwave frequency standards over an
optical fiber network[ J]. J. Opt. Soc. Am. B, 2003, 20(7):
1459~1467

2 F. Narbonneau, M. Lours, S. Bize e «l.. High resolution
frequency standard dissemination via optical fiber metropolitan
network[J]. Rev. Scient. Instrum. , 2006, 77(6): 0647010

3 S. Foreman, K. Holman, D. Hudson et al.. Remote transfer of
ultrastable frequency references via fiber networks [ ]J]. Rew.
Scient. Instrum. , 2007, 78(2). 021101

4 Dong Ze, Cao Zizheng, Chen Lin et al.. Experimental research
on a radio-over-fiber system based on 60 GHz millimeter-wave
[J]. Chinese J. Lasers, 2010, 37(4): 1018~1021
#OFE, W, BROMK S LT 60 GHz R KIEMOLEF L
i R LR )], F Bk, 2010, 37(4): 1018~1021

5 M. Musha, Y. Sato, K. Nakagawa et al.. Robust and precise
length stabilization of a 25-km long optical {iber using an optical
interferometric  method with a  digital phase-frequency
discriminator[J]. Appl. Phys. B, 2006, 82(4): 555~559

6 G. Marra, S. Helen, N.
microwave frequency transfer by propagation of an optical
frequency comb over 50 km of optical fiber[J]. Opt. Lett. , 2010,
35(7): 1025~1027

7 G. Lutes. Reference frequency distribution over optical fibers: a

Stephen e al.. High-stability

progress report[ C]. in 41st Annual Symposium on Frequency
Control, 1987, 161~166

8 Man Xiaojing, Zhang Lumin, Dong Yi e al.. Phase stabilized
distribution of millimeter wave local oscillator based on Michelson
interferometer [ J |. Acta Optica Sinica, 2010, 30 (8):
2185~2188
W, EBEAL, OB % ETE R ENT WK ARG
SRR ELELT]. k¥ FM, 2010, 30(8): 2185~2188

9 R. Wilcox, J. Byrd, L. Doolittle ez al.. Stable transmission of
radio frequency signals on fiber links using interferometric delay
sensing[J]. Opt. Lett. , 2009, 34(20); 3050~3052

10 M. Fujieda, M. Kumagai, T. Gotoh e al.. Ultrastable
frequency dissemination via optical fiber at NICT [ ] ].
Instrumentation and Measurement , IEEE Transactions, 2009,

0506004-5



Jt

g

g3

i

58(4): 1223~1228

11 Lumin Zhang, Le Chang, Yi Donget al.. Phase drift cancellation
of remote radio frequency transfer using an optoelectronic delay-
locked loop[J 7. Opt. Lett. , 2011, 36(6); 873~875

12 I.. Ma, P. Jungner, J. Ye et al.. Delivering the same optical
frequency at two places: accurate cancellation of phase noise
introduced by an optical fiber or other time-varying path[J]. Opt.
Letr. ., 1994, 19(21) . 1777~1779

13 Nakazawa, Masataka. Rayleigh backscattering theory for single-
mode optical fibers[J]. J. Opt. Soc. Am.., 1983, 73 (9).
1175~1180

14 Jiang Wenning, Chen Jianping, Chen Yingli ez al.. Suppression
of double Rayleigh backscattering noise in optical fiber Raman

amplifiers[ ] . Acta Optica Sinica, 2002, 22(5); 539~541
LT BREE, BRICAHL S5, SGEF RS R A OB 5 R L
Srugrs MR LI]. k% F 3k, 2002, 22(5): 539~541

15 Zhang Wei, Peng Jiangde, Liu Xiaoming et al.. Impact of
Rayleigh backscattering on noise characteristics of distributed
fiber Raman amplifiers[J]. Chinese J. Lasers, 2002, 29 (2).
143~148
ik B, UL, XI/NIT AR SBER bt B R O X2 A O
RIS OR AR E A R R [T ]. F B sk, 2002, 29(2):
143~148

16 T. Wood. R. Linke, B. Kasper et al.. Observation of coherent
Rayleigh noise in single-source bidirectional optical fiber systems
[J]. J. Lightwave Technol. , 1988, 6(2): 346~352

ZBEERE: f

0506004-6



