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Study on polarization mode dispersion in submarine transmission systems
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Abstract: As submarine cables applied in usually complicated environment are subject to water pressure, impact and subterra-
nean flow, the resulted stochastic Polarization Mode Dispersion (PMD) has become a limiting factor for the system extreme
transmission. In this paper, the effects of such external factors as lateral stress and bending on PMD are theoretically analyzed
and simulation of the 4X2.5 Gbit/s communication system is performed in accordance with the actual work conditions of the
cable, taking 3 dB as the power redundancy. Simulation results show that when the communication system works normally.

the PMD coefficient does not exceed 1. 8 ps/ ~/km. In order to avoid PMD compensation, the lateral stress is not to be greater
than 8.9 N/m when the bending radius is 0. 3 m.
Key words: stress; bending; Polarization Mode Dispersion (PMD) ; birefringence

AB=B, — B, =2mn,./A —2rn, /A =

0 =
gl = 2n(n, —n,) /A =2nxAn/A , (D

PNy Y T W D e (OB A 4 D W | £
PEARIHJEBRH RGEMERE M RN E . BEDLA K
#ir (EDFAD WR b T A 3 U 2 1l 1) 2y 32 408 6 (0 107
P AR A Ao 50 Al 2Rk AR L 2 A R 2
A5 LA /INERTE B . SR, BT I N R B AR L A
7% U 2 2 52 B\ Mg 7K 00 R 77 ol TR B O 4 % ol 1R 2R
A5 M 5 DT 75 | 76 96 205 T O £ 8 8 1l 17 g L il o £
B M AR A5 A B A5 €5 F (PMID) Fifi B1L 7% 1 ¥ LA
S O BRI R G RGN R Z — &
55 Bk vh 2 B, 3 R OGE E AR

1 PMD KBt th

AR £ 1) o A T T8 T R A L W G T S 2
(o T S B Y 2T 1 8 A T LA — 8 1 30 B L T 40
FALAFAERENLYE . EBBOLLr 34 HE, AW
MHEIEAZWAMER HE,,, 1 HE,,, , i T H A7 5%
R A R B TR B0 B0 B, # B, »
XA EAF s B B s OB R XU B R

W B 41:2010-03-25

A, A HESE K An L A ST
SRR 25 . R T— M B A 0 B B L PR K BE B A
4 2% (DGD) A T {8l g 2
Ar, =~ (n, —n,)/c » (2
K, o HEEFRGHE,
MG L > Lo(L. NG KD I, PMD

%7[3]
A
de, =4O AL~ e, -
w

A
" J2LL. . (3)

X, o AP,

R 2 €0 B — FF . PMD 2 5 UK # Ji& 5 A1 By
AR R L R GRS RRE O, H PMD 2
BEALAZ AL B, 2 AR A9 A ™ LR DG 4 i 4 i 7
o AN T S b e G 2T 52 I TU ARG [B 32 5k A7 BRUR
SN T3 R AR AR AR 19 F2S 1 45, B OtG o AF 5 25 i
ARL S35 PMD B 52 0 JF H Ah 2

2LL, =

AR A B RS (1963-) . 55, 1R MCEL A L 042 W, 2 BEF 5 J7 1) O 25 S Dl A 0 0 g B 4 4

46



B 5. IR A G A PR G THOE 5T

T H A0 R 7 X S 2F XU 5 9 52 1

2.1 HEmE R 3 BT 5 R

BRI O L Ol £F it n i 9 18] 339 53 73 A
(KN F R 1) 02 7 U3 o Ry i 4R 7 180 47 20
I G R

An =Ang)y, — (Anyg), =

n;
ﬁ(l"‘l‘/)(plg*p“)AO' ’ 4

K no AOCERFEIHT G 3G E Fly 23 50 6 94
AL & A s R EGpn I opw WG K &E R
iAo =0, —o, RN IE 32 J7 10 52 B 1 ) 2
.0, Flo, 53 RCEFAE > My FrI IR Iy, £ 9
JCEF MAVAE A ny =1. 46 . E =6.5X 10" N/m* v
=0.17.py; =0. 121 I p,, =0. 270,

R Ab 3 i S £ A B 5 ) 2 2 ) 3 A Y, HLER
BOGL 20 S HAR R AT 8~9 pm, T LAAT T LI O £F
C T ) X A DN A Sl 21 R AT b AR — SR R )
y\j:ﬂ

c.=F/(GLo, o,
Ao - BARRL LR,

R AT L5027 27 45 1 207 5 5 25 3

KRB N

:*SF/(TLTF) s

n
An :ﬁ(l_'—l})(plg 71)11)AO':
n 4F
E(l"’l‘/)(plg*pu)a ° (5)
FH L ] A5 A ) 7 7 5 | A A U — b XU 5 R
ne 4F
BF_E(l_’_V)(plZ —pu) a—
3.63 10" E . (6)

rL
2.2 XS HT 5T B
TR £F 2 BELALR Y B ABBOL 2T, AR A7 7E [ A
XA AR AR T B AR H & A2 il
WA KT kR R, HA R >, WTEG
LR RER T L1 0 daedy Ak AR g 25 7T R A

Ap—g. — -Gy 7r2E
0 =0, 0"1'7772Rﬁ ’
FRAZ (), BIAT A5 21 iy 25 i 518 i 3T 45
A =" — [ %)
4 12 kR)
H e A] A5 2 il 5 R B U — A R 5
" NEak (ry:
BR:7(1+V)( 12 ]1 20.093 - °
1 ProPR) \R )

(8

2% 157 1 RS it B AR LA e AT SR A I —
%XXT}?%TTH IRDE NS

L (r\
B=B:+Br=3.63x10 0.093 «9)
+ X + R
K. f=F/L J 8 K& E’Jy‘ﬁé%}@?xﬁﬁfrﬁﬁrj

7.
2EE T (3) (A5, W FH BN SR R 48 2 Wi L
JiFE 5 A9 DGD %7

2
Ar%:lrs 63x 107 2 40,093 A

( ]

L R JA/2LL“,

(10)

g1 PMD W 7E R 22688 T Bk & 4 8

SE 1Y s SEBR I T A T i ks L 2 BRI AL SRR 21 1Y

B S80, %B PMD & %08 0. 04 ps/v/km , K I,

Tk B o 468 km I, B G¢ A AR XA 4 51 & 1Y

PMD 5 0. 865 ps. MW HL BB OG 2F 19 4h 12

125 pm AHSCKEE R 100 m, & G2 o R ) 1 ) il
=l S 20 DGD 2Rk iE 1 s

x107° .

A1 DGD MA@ m A5 %5 ¥z EAH
F T 0 2 8 021 080K 5l 0
/N PMD S350 DGD 5 58 1 1 i 34
3 hR&R

PL4X2.5 Gbit/s Z& ¢4 B [ H 45 # 1) = A
FY RN TEL 2 Bz o R SEHLEAIT G £ 1 i i g% A

A Al
SMF | A

P SMF )

ks e N N g0

E ) AN

iy S EDFA  EpFA Raman N\ [As
IR

B2 4X2.5Gbit/s A% ALEMA
AL TTH . ALF DR E K 17. 233 dBm,
JELF LR B 3 BEOGEF 4L n ., K43 3 75,280 Al
113 km, St £F #1 # K 0. 2 dB/km. 15 & 7] f@
4 200 GHz, At 9% K 43 51 2 1 550. 12,1 551.

47



63 {7 F 5T

2010 4F 45 43 BB 160 3

72,1 553.32 1 1 554. 92 nm,

TE A 4 70 R RN G LR L 7E 0~2.5 B
Fl N2 PMD & %k, 15 21 R 48 10 3R 5 3/ R 4800
REERE PMD RECER <, mE 3 pis.

1 Q/dB
9 | ]

A 6} # %04 /B

1¢(BER)

0 0.4 0.8 1.2 1.6 2.0 2425

PMD % #/ps/\Vkm

B3 Z%ikksels PMD 24 06X &

2 R E 7 BT R TG AL S PR R BT v ) R Bl
BLSE w2, 76 O B ook R ep, X R 4 00 R R
T3 BN RGE XL IEWEZEIT, HE 3 4Hr]
ML HEE PMD REC IS K, RGEMEREEALHH T
3G AL i o R A IG5 AT R R A Y A Ak LR R
MR JE PMD B, RGEVEBE 4T L LB HOA U A
ol kR, F SIELEMEER. 24 PMD
FEAE 0.1~0. 5 (0 Bl N ZZ AL , B T PMD 947
FEAEAS Tk R G L 9855 T A 2 M A S, DR A R
BB PMD 2 504k 2238 KR, ik o e i
JUE AR RS R T R . 2 PMD REGAE] 1.8 ps/
Vem Bl RETUAREMRT 3 dB. RE LKL IEF BT,
W, &G T PMD =4 ) DGD b 38. 94 ps.iX
BN T EL R

1 AAE ST 55 51 19 DGD 4 0. 865 ps. H It
R W T RHEEZ W™ LR PMD A&
T 38 ps. Ry 7k — 5 U0 B R ) 5 Al
PMD [ 52 W , #1115 5% 0 32 40 P fE , 84045 31 2 PMD
FHARE 1.8 ps/km i, K 5] B 7 A0S il 2 42
FIFRE IR 2 AL M I 4 il 4R 7 Y X sk

ME TR AT LA, B A PMD R A3 K,
F G0 T RE 7K 22 1R 1) B S W . 4 Sl 2k
F£<20. 3 m B, R G BB 2K AZ 0 B ) B ) B A S
ARG K 2R K, AR >0.3 m B,
o ) L 7 Bt 2 S 2 AR B B K AR OR AR Ak, B
I N7 g g | R ) AT SR P E AR . H T LA

48

12t
\E 10 B s e - i~y 'Z_/fM_'D_z'E):(')ﬁ_Ils./L':k_}T_]'_'_'_"'_'
< gt 7 TN PUD=0.1 ps/\/km ]
R |~
O IS PMD=0.5 ps/\/km
g 4l
ﬁj’gg 4 H] ._.r/

21 if PMD=1 ps/\/km

]
oL

0 O.II 0.I2 0:3 0:4 0:5 016 0:7 018 019 1.0
T ¥ ¥ 42 R/m

B4 ZeteRzoiap b S wEReER
H,2% PMD &% 0. 04 ps//km » MR R G
% PMD W52 00, [8] B 42 B XF PMD A9 #b 2%, 45 [ 1
7 K75 M 2 A 0 O R % FE it 26 Ty B9 va L, )
L2l 2 42 003 mo BF, E R R R N )
<8.9 N/m,

4 ZERIE

1K RGP OC 8 45 2352 BN K 1) it DA s
AR EE IK 26 59 52 W, PMD BB AL 45 5, HE DL A5 5]
WML RN R BRI RN E 2 —, Bk
HiH AR 2.5 Gbit/s 19 R GeAE bl Hu b, A B PMD (1)
S AT DL Z W AN T AR 2 5645 1 06 IS B, ]
RBE IR BE A ) R ) RS il AW 25 BREE AR 3 PMD
X 2R G0 7 AEAR KA 52 ) PR Ik a0 20038 2o X 96 45 1
FRUETE L 45 G £T 52 2 (10 B 7] R ) Sl 2 RS
ML ARG L AT R AR PMD X R SRR, SR
17 3 4 HOR S b0 43 B 5 L, 5 SR PR N A —
2= 188 5 1 H PMD H AT BE LM, 52 bR it T 72 ik
T S B X R A

SE K

(1] XUIF . o r 8 1% 2 48 b i e 41 15 €2 0 K AR SG 1) Rt 1)
W5 [D]. JEET L RTHE HL K24, 2004,

(2] P2 B, o O 27 8 AR & 40 i 9k AL €0 500 BT
[D]. b7 - Jb 5T HB L K 2, 2004.

(3] Jimi{. WDM K BE g o fef B A [M]. Jt st db st
HIE HL 27 Y R AL, 2005.

[4] Jeunhomme L BCE), AW HE (3F). BB A4k 20 R B
SR CML ARk )78 IS 2 Rk, 1988,

[5] Gafsi R, El-Sherif M-A. Analysis of induced-birefrin-
gence effects on fiber Bragg gratings [J]. Optical Fi-
ber Technolagy. 2000, (6):299-323.



