54 32005 3
1000-3290/2005/54 03 /1241-06

ACTA PHYSICA SINICA

Vol.54 No.3 March 2005
(©2005 Chin. Phys. Soc.

DGD
PMD . DGD
PMD

PACC 4281 4281F 4281D 4280W

PMD

' PMD
PMD
PMD
PMD
PMD PMDE
PMD
PMD
PMF

DGD

* 2003AA10316X

"E-mail 2198 @ mails. tsinghua. edu. cn

*
2 1
100084
100084
2004 8 9
PMD
DGD DGD
15
DGD
WDM 2
PMD 1 PMF
RC 3 1 a
RC
0—2x 2 PMF
PC 3 b 3
DGD PC > 1ec
DGD 6 6
DGD . PC )
PMD  PMD
|
DGD Maxwell 2 PMD
ACF
WDM PMD
PMD
PMD DGD  ACF
2.
Stokes PMD 2 w
PMD



1242 54

RC
¥ ¥
RC
(=060 - ®C=0

© DGD %4 {@ DGD K44 .. @ DGD % A4

1 PMDE
6
deww —Qw xS o 1 R, w n PMD
Q w =A2, o +R, 0w 2, , w
w S w
n=23 N
Stokes . PMD
L w =At w- qw 2
Q w =A2 o .
q w PSP
At w DGD. 3 4 PMD
DGD PMD Q w i A
AT =<1 2 o 1> 3 ¥ beD
A7, At, Aty n PMD
< >
PMD Aﬂn w = AT,1£ = AT" O O /
PMD ACF n Miiller 7
1 ! 0 0 0
1 2 3 R, w = cos$, w - sin®, w S
[0 sing, w cos$, o U
¢ w =Arw n
2.1. PMD
PMF  DGD N 1a b PMF
n-1 PMD 2 | w n DGD 1 ¢ DGD
PMD A2, w Miiller DGD
0. 035 0. 030
(a) (b)
0. 030 s 2 0.025 Nels
0. 025
0. 020
0,020 i
ﬁ ﬁl‘ 0.015
= 0.015 =
0.010
0.010
0. 005 0. 005
0. 000 0. 000
0 20 40 60 80 100 0 50 100 150
DGD/ps DGD/ps

2 1 DGD Maxwell



1243

0. 045
0. 040 @)
N=6
0.035
0. 030
% 0. 025
’Eé 0. 020
0.015
0.010
0. 005
0. 000
0 60 70 80
3 2
0.06
0.05 g @
N=1
0.04
i
ﬁ 0.03
S
0. 02
0.01
0. 00
0 10 20 30 40 50 60
DGD/ps
4 3
1N N-1 RC
0, 0, Oy
0 2= 0=
02 63 @N n
Miiller
0 cos20, sin20, 00
Ry @ = 3-sin20 co20, 02 8
| ' g
g o 0 10
R, w =R, w R}, w .
2 n PC Miiller
R w
O g, -J1-£ 0o O
0 O
=0/1 - & cosg, £, cosq, - sinp, 0 9
g g
U/1- & sing, £,sing, cosQ, N

0.035
©)
0. 030 . Ne10
0. 025 \
®0.020
ot
g 0.015
0.010
0. 005
0. 000
0 20 40 60 80 100
DGD/ps
DGD
0. 06
0.05 ()
N=3
0. 04
=
& 0.0
k-
0. 02
0.01
0. 00
0 10 20 30 40 50 60
DGD/ps
DGD
gn gpn -11 0 27['
§€= & & v o= ¢ o
SDN 4
R, w =R, w Rzﬁ w .
3 DGD PC
2.
2.2. PMD ACF
PMD ACF $
fSoww =<2 o 2w > 10
wy PMD
PMD
PMD 4 10
RC PC 10
ACF
1 9



1244

54

H—4k ACF

fnwwo

S

OoooooOooOdod
=
S

=

&
S

JH—4k ACF

-0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5
AA/nm AA/nm
(a) BERIER1 (b) #if1#%2
1.0
0.5
0.0 t
-1.0 -0.5
1.0
[y
@)
<
lﬁ 0.5
o
0.0 1 1 0
-1.0 -0.5 0.0 0.5 1.0
1.0 T v
N=15
0.5
0.0 L L L
-1.0 -0.5 0.0 0.5 1.0
AA/nm
() BLHLRR3
5 PMD ACF
=< 2, w 2 w, > Jo @ wyg n PMF PMD
:Afi + a nl W g Qi @ Qn w Z gn @ Wy
+ B w w VA ACF < >, 0
=< 2, w Q) w, >, 11
1 + cos Ar,Aw
zynfn-l w Wy a, = 2
t &g @ Wo 9 cos At,Aw -1
=At; g w wy =0 " 2

1.0

PMD

ACF



1245

cos Art,Aw - cos Ar,Aw

= 4 S5a b ¢
e - cos Ar,Aw 4+ 3cosAz,w PMD ACF AA = + Inm 5
_ a b N=3815
Aw = w —wy w=w+ wg.
2 ACK 5a b 12
f,l w wy, =< .Qn w - .Q,l wy > s(:(; ACF
=AT + Afo @ w 12
fi w w, =AT, 2
< >ey £ ¢
ACF
A = 1 + 2cos At,Aw
n = 3 PMD
3 DGD . 5c¢ 3 ACF
DGD ACF ACF
Fy o w, 12 Sy @ wg
At = At Ar, Aty ACF 0.3
5.
Fyv w wy =< fy w wy >a- 13
11213 4.
PMD ACF  Ax
DGD  PMD ACF
3. Monte-Carlo PMD
DGD
Monte-Carlo DGD DGD
PMD ACF PMF  RC 15
1550nm 10°. ACF PMF
1 2 PMD
10ps o 20% . ACF
3 DGD  18ps DGD
DGD 18/v/Nps  Maxwell ACK
1—63ps Ips. DGD ACF
2 1 DGD 5 ACF 0.3
2 N=8 DGD DGD PMD
N=15 3 2 PMF DGD
10 .4 ACK
3 . Maxwell .
DGD PMD PMD . RC
DGD pe
PMD PMF RC
PC

PMD



1246 54

1 Poole C D and Nagel J 1997 Optical Fiber Telecommunications San 6 Gordon J P and Kogelnik H 2000 Proceedings of the National

Diego CA  Academic pll4 Academy of Sciences 97 4541
2 Lima I'T Jr et al 2001 J. Lightwave Technol . 19 1872 7 Leminger O and Leppla R 2001 Optical Fiber Communication
3 Djupsjobacka A 2001 J. Lightwave Technol . 19 285 Conference  Washington DC Optical Society of America 3 344
4 Yao H J et al 2004 Acta Photon. Sin. 33 326 in Chinese 8 Karlsson M and Brentel J 1999 Opt. Leit. 24 939

2004 33326 9 Brian SM  Lima I T Jr and Curtis R M 2002 Opt. Leit. 27 1150

5 Lee JH Kim M S and Chung Y C 2003 IEEE Photon . Technol . 10 Mbller L et al 2003 IEEE Photon . Technol . Lett. 15 230

Letr . 15 54

Theoretical study of polarization mode dispersion emulators *

Zeng 1i' © Lou Cai-Yun®  Zhang En-Yao'
Department of Precision Instruments & Mechanology ~ State Key Laboratory of Precision Measurement Technology and Instruments
Tsinghua University — Beijing 100084  China

1

2 Department of Electronic Engineering Tsinghua University —Beijing 100084  China

Received 16 April 2004  revised manuscript received 9 August 2004

Abstract
The performances of the three polarization mode dispersion PMD  emulators commonly used today are analyzed and
compared among them through numerical simulation of their differential group delay DGD statistical characteristics and PMD
vector autocorrelation function. The results demonstrate that to produce DGD that can match theoretical distribution one DGD
generator is adequate while at least 15 sections are necessary in the emulator built by polarization maintaining fibers and
rotatable connectors. And the autocorrelation function of the emulator based on polarization maintaining fibers depends on DGD of
every section while that of the emulator based on DGD generators is smooth and can be regarded as constant outside the central

frequency range.

Keywords optical fiber communication polarization mode dispersion polarization mode dispersion emulator autocorrelation
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