EBMBEEOH
20054 9 A

X F ¥ R
ACTA PHOTONICA SINICA

Vol. 34 No. 9
September 2005

®TF PLC iy PMD #Mz=g8 7 PDL %LC ik i

x & =

K, F L

BT KRZERAEZNBRRESALRE, R BBBEP RO, H0H 310027

B E & ASHMiller) 48 & 28 X F & k% F & % (Planar lightwave circuit PLC)#MM£ &
PDL st £ & # 8t 32 (Differential group delay DGD) 4 # ¢4 & 47 7 9 #7, &£ R Bl 49 PDL {4 F ¢

HEF KRB ARE PLC 2AABEH AW DGDE 5 H 847 T ik, 3t 5 Maxwell %

oA AT T s,

B TAH T PDLAH AL TR ALY PLCA K.
XEiH BEHEEEKPMD);F & &k FLZE(PLO ;PMD #MME & ;48 3k 48 £ i #£ (PDL)

hES XS TN929

0 5§

EENRAKE TR EREEKLLHERFF,
IR IR#E B /L (Polarization-mode dispersion PMD) #
INAEBRESECER R A ENERNERL
HECY. B, KABKEBEMNRTEHRET
DBEX PMD #i74ME . BT EER LA TR
Xt PMD #f7#ME AR LB EEEXN XEFS
BEAT #MEER AR BB WML 9 X ELAF 5 AT R DT
H T W & 4 3% # #£ ( Polarization-dependent loss
PDL) X F #8844 LG8 & B R &I W, B LIE X T
PMD *l‘%%ﬁiﬂﬁ??ﬁﬂﬁﬁﬂﬁﬁﬁ,PDL EREXR
KEERES.

EIXEFEEMH T PDL £ — ﬁﬁﬁ%%ﬁﬁ@%
T Y ik § 2k B (Planar lightwave circuit PLC)Y!
FIEE B PMD *MZ 2§ b X #ME RN B B2 R . R F B
BhoE BF X 7E X K kb2 2% 1 PDL Xf 2 4 B At %
(Differential group delay DGD) 43 5 (9 52 " £ 4T T
S8, FEARK PDL E T X &M ARK KK PLC
BT ABKENE DGD EH o/ # 47 7 itik, 8
B TEREPDLEMNER T BAKIMLHPLCE K.

1 EfiEPER

AR LT B9 PMD 43 47 bR AR Y AT LA K 2/
HTBAAEEMR, Hh & —-BBEENIHE
ST AR IR A T P I O A B ) R A UAUTE DL &
B EELRE" . PDL RABMERE o 5IAM,
KE S P A e B A (6] 6% AH 5% 4 7

e =1 S

BT REE S, KA EEORRSEHR %
WHER v AH.ENBRXSF P, vRETEEL

SRR IR A

Tel.0571- 87952251
AL M :2004-07- 09

Email ; assens@ sohu. com

KA
Wout(w)ET(w)WinzANTN (w) v, 2)
Hp

N
An=exp (_“0—.§“i/2) €))

Ma RERBEXKEHRFE . XBRES B

BRI HR FEESHEREIX . B2 8 RF

F TR Z A K DGD, W A #IERE T H
Tn(w)=exp [ ~ifnwt+an)e/2 +

exp [(—ifrwta;)e/2] 4
a J R E R
o 1] [0 —i 1 0
a’_il 0 ’“y_[i 0 ’a‘:[o —1J®

W, T (o) 53R 6 1R I 58 5% UL B8 BE 69 Al XY A8
1,1 Ay iR 6 28 X T W8 (global attenuation), -
ZEBN FRIBFERAE B, AEH#T 5 R
MEp Ma, WHREXTE BAATHRIEE,
BEANEAEP Ma, —HHF BRFATH . WX
FH RO R, T LA ¢, RER .

—ifwta;=b,¢, (5
K

=—ifw+aq;

HRX@AMXWOITH, B .5 ERK
EXBHBRES Vol thF o X . TRESE
XAHE—ERTSHERELXNEERES .
EXHELT . R .. () aEK

Vo (w)=—1 %4, (&) (6)

2
Y ;=0 B, B PDL REFEEMHER T .y HEEHFA
%F DGD. #1 PDL ##7#E:PDL>0, 1 y H— &
¥, EBETDGD, EHEFTFTRERBESERZE
BIXTIRNFH .

MO FTH, Vo () BB, T TV B
1iE ) B



9 1 EE% . ¥ F PLC i PMD M85+ PDL U5 45387 1381

Vo ) =3,Tn(@) V=3, TN) Ty ¥ou () (7)
BR@WIUEHETHTY @ ERK

3, T TR =_7‘/3NéN cgtentvior.

(A, Ty )Tl e tntyran? (8)
GRARS T, M FEEN o, To=1 (B
)  BHmALT,=0;#—FH TR HHLE -
B (Trace) BT, L, Tr[ 3, Ty) Tx']=0.
R MR 2 X2 e A Pauli M
YERNERER FTUFEE—I =ML BHERE
B Qn ¥[GO, Tx) T Pauli R FF

(awTN)Tgl:—%ﬂN ‘o (9)

% ;=0 B}, H) PDL AEEM L PMD E6 T, 2
FELB R ERIRAS T 15 (PSP), i 82 (4 B B
|2|% DGD. MR EWL B HFE PDL,Q WA —5
¥. AHBEHRT.Q SEMER LK PSP #1 GDG
FHYEENXR . b, WA EWIRES T 15 PSP
AHEEH. XTMNKXOFHR Y Q. AL,
2y o HNEBE(FHES Pauli EXHEB)HAEHD
IE ZRWARAER. HQK 5 HE, X LRI A B AL,
B8, (OHTF LR Qv M HEARX
2y =Byt en * Dn-y)éy+cosh by @y, —
(n_; * &x)en) —isinh by 1 X &y (10)

2 PLC #MESSHEEE

PLC ¥y PMD %Mz 28 KV B - 18 3% 5 W B &30
WETERME 1. TEQERMRIRE S LS
(PBS), B2 B A (HWP) , B4 B 56 8 48 88 (PS1,
PS2), ] PB4 28 (TCL, TC2) M— MR 1R %
FERT 28 (PD) . PBS B A X #R 19 5 #-% 8 F # 1t
(MZD W, K- NEEREAEN D EEREE, 5
— /N EERAMEMCEY MAS . TABSNMERLE
{BL 8% 46 F i b 28 B o BR =X MIZT 254012,

== Thermo-optic ==a-Si ==HWP
PBS PS1 TCl PS2 TC2

1 ETFTPLCHPMDHEELH
Fig.1 Configuration of PLC-based PMD compensator

AEES S E M E 203, PS1 5 PS2 43 %48
HTHELERNE2HMBE-DNE =R 8%
(Squeezer) , 5 Z %t i, TC1 #1 TC2 Xt F 4 —
FWUAEBEE. AE PSS TCHAASFHEBE
RIEBN A BEXRBREIBENBEL T, b —4
FaaSEA . AMELHRMIRERRLENIER . PD

W AH 24 F XU G OCEF , X T I Bof 2E BEATRMEE

Squeezers(0° )

r'g
Output

—
Input

Squeezers(45°)
HZ EHRARREHBETIER
Fig. 2 Schematic of a four fiber squeezer polarization

controller

RENMTHESBUT FESHEAMERS FE—
20 PBS £ R H 4> BUBE B B (TE) 7084 BE I B
(TMOYBH 4. AT TE B TM S5 54 /B9 75
EHEMAEPEETH TMESSS —FEER
Jath g ¥k TE 85 . B304 8 i % 46 28 A0 1T 15 48
AEZE, b —3 50 HE o R TR A O BT R R A
—ERNE . S, BB AR BN E SR
LR TERWBER M EHFLRR TME . &5,
B PBSHIBEHRSEHREREHGESHSL .

3 H{E&EN

PMD #h 228 i #b £2 0f # 52 bR & PMD {5 5 3%
BRlSENSESE fH AR SER, AMdSE
H-FE B % PDL KM EL T, LB PLC 4
B R 1 PMD #MZ 28 — B fn TR R L B0 & A6 B2 3T
FHEML. EHBEF . TR AEENE KL=
1550 nm, f B 6B AH 28 71 0] 5§ & 28 X A OB
FY A B BB TE 0 B« JB] 3940 40 A, A TR A o6 2E
AHERBIRTEERN 7.5 ps™l. I T KB/ HTHEEHK
EARBEES,SE PLC 244 m PDL ¥ 2 dB. X
THREESIEBERNGE TSR, 7 RETEK
¥ H N=50000 ¥ .

A3 .. () (DasEEFE—-BEPLCH
PDL ¥ 2dB B}, =4 . UK . H M+ H % PLC 4
BB (1 25 4 B FE /Y 25 (DGD) X T #E R % gF (PDF) 19
Sk . Hbzm 0B RLHRERGTE NS TS
RERRERHNFTHUAMA DA . ELBRICLTE
Hi+,—F PMD ¥ DGD EZEH A HH S ERYTE
43 A R 0

2
pdf(|z])=—32l7l

a{|z|)?
K, e DB FTA S8 Bl M DGDE #3743 (AL

HE 3 ATLLEN, =% PLC & B, il &
GHERSHEELHMAHEARRNME . WK
PLC BB REB BN T —FEMBIE. AHPLCH
B L. ELEBMECHARENYS . THHK
PLCHAB B AMEES G BERERNELHANY

e—(2|r\/<:r|>>2/n (11D




1382 ¥ F ¥ #H 34 %
005
0032 o 4s-2dB
00281 0.04 5 —-— Maxwell ]
00241
0.020§ L, 0031
a
w0016 a ]
E 0.012 1 002
0.008 001 1 E
0.003- - ~ Sy oo 0 T ; b
0 5 10 15 20 25 30 35 0 10 20 30 40 50
DGD/ps DGD/ps
(a)3-segments PLC-2dB (b)4-segments PLC-2dB
. 58 ' . 5s-2dB . 0.06 o ' ' ' © o 1552dB 1
004 R ~ = Maxwell 2 —-—Maxwell
o 0054 ¢ ]
0031 ool 9
a o
= ] & 0,031
E 002 \
002 \
0011 001 ] ]
0 T T T r 0 v T r 7
0 10 20 30 40 50 0 20 40 60 8 100 120 140 160
DGD/ps DGD/ps
(c)5-segments PLC-2dB (d)15-segments PLC-2dB
W3 AFE%%HME PDL # PCLC 4 B # DGD # PDF 4% &
Fig.3 The density functions of the DGD of different compenstors which have a PDL of 2 dB
EEEBIPREHUE. (a).(b) . (). (D)4 5l & A% PLC 8k PDL 4

BT PLC M BB X B = £ Z 5, PDL

MEESTRTHI MR B MW . &4
0.036
J ° o 5s-0dB

88:2:2; ] %, ~+— Maxwell |

0.024
w, 0.020 1 E
E 0.016 4 L

0012 4

0.008 4

0.004

0 r r T
0 10 20 30 40 50
DGD/ps
(a)5-Segments PLCOdB
0084 oo o 5s-8dB
-~ Maxwell

0061 [° 1
L 1° ° B
g 004 °°o

LY
002q° % k
0 . M‘“ .
0 50 100 150 200 250 300
DGD/ps
(c)5-Segments PL.C-8dB

W4 FFH PDL THZ% PLC &B# DGD & PDF 44 |

SBL 0 dB.4 dB.8 dB #i1 10 dB &} DGD % F PDF #
S LR .

0.05 1

0.04 4

003

PDF

0.02 1

0.011

0.12

o S5s4dB
—-— Maxwell

10

20 30 40 S0 60 70 80
DGD/ps
(b)5-Segments PLC4dB

0.10 1
0.08 -
0.06 1

PDF

0.04 1o

0.02 1

0

— -

o Ss-10dB
—-— Maxwell

0

100

200 300 400
DGD/ps
(d)5-Segments PLC-10dB

500 600 700

Fig. 4 The DGD density functions of the compensators with different PDL which are composed of 5-segments PLC

#,4 dBRHMREH LK .8 BNFEITREL T

HEE 3o fmE

4(a) . (b) () (DATUFEH,

Fi& PDL g3, MR %% PLC 4 8kaY 49 PMD 43
MEEHEMZET .0 dBRERBIGITE R S5 H8ie i
LY A B, JLF A B GE 1T S804 A 7E 338 il
LML . 2 dB RIS H SRR H R —E IR

SR ERE T Bt M &, ¥ PDL 3 A% 10 dB
B G AR RE E IR .

fEXt PMD 3 AT #ME B, #M 2% 89 0 ik 45 68 8
GHAHSERFFMAYSHERYE, WRE SR



94

TH% . £ PLC# PMD #2281 PDL B 943 47

1383

R B P MR A, T LA 52 B0 ol S B RME T
BB . MHI ERiR, EAREE PDL B, R BL R
£,1838 K DGD it 5% w3 4k il
AR . BREETE - TREKBITPEAST R
KFF# PDL, BB £, R4 h S /9 PDL R W
LS. B5 R+ HEB PLC 7 PDL & 0 dB f1
ATERBEBAINDGD S HHER. 5E DM
HETLESL,PDL KR 2 BRI X TR ESH W
EREENHEBH . MXTHE 3 ME 4T LA
EFiH,F% PDL A 0 dB AR 2 dB, H Bt PLC & B
B PDL X T4t anM& SBeMKyw e R E
FHEmE/NF+AE PLC 48 .

0.04

° 15s-0dB

0.03 A —-— Maxwell 1

0.02 1

PDF

0.01 1

0% 20 40 60 80
DGD/ps
W5 +%&PLC-0dB# & DGD & PDF 4% &

Fig. 5 The DGD density functions of a compensator
composed of 15-segments PLC with a PDL of 0 dB

Foh s N5 F x4 AR B AT 2 AR R A
AR, P BUR T BB D B BEBC . B BB R
#IME 2R B VR 1 BT, 1O B aRE B PLC G BRR 4H B
IR B o A A R R AR e HE . S M RBFE
Bt —F MG, LB/ PDL, 8 B A e 28 Mot Bk .

4 Hig

A SCH| 23 B 6 v S 1) B SR AR IR
Xf#F PLC By PMD #MZ 2575 R Rl PDL AL F
& R BB BRI T — B R PR A 65 B R R R AT
ToHr. SWERERE, ZBK PLC MEHMNE R
PLC# PDLERE WL Sm ML MmN~ LA
. 4PDL N2 dBA, MEHK S PLCERMER
BFRAMES R, UL EHZ BT LB R # L
B P
$ % STk

1 Gisin N, Huttner B. Combined effects of polarization

mode dispersion and polarization dependent losses in
optical fibers. Optics Communications, 1997,142.119 ~
125

10

11

12

13

14

B, e, B ARl AR P AR TR A R A B
HAR. FRHSH, 2000,21(1): 1~5

Xu K, Xie S Z. Semiconductor Optoelectronics, 2002,21
(1):1~5

AWK, B, B, % RirHaBsnd—mnk
B 4 5 S RO TR MR B9 4 BT 6 FoF R, 2004,33
(3): 333~337

Zhou Y W, Guo L W, Qu R H,et al. Acta Photonica
Sinica, 2004,33(3):333~337

BRAE.BRE. ATREMRECEIMMEHREE
2% . BT ,2003,32(6).702~705

Chen L. H,Gao J Y. Acta Photonica Sinica ,2003,32(6);
702~705

Enrico Forestieri, Giulio Colavolpe, Giancarlo Prati.

Novel MSE adaptive control of optical PMD
compensators. JLT,2002,20(12);1997~2003
Magnus Karlsson.  Polarization mode dispersion

mitigation - performance of various approaches. OFC,
2002, 231~233

BAHE,BRR YW, 5. —F T HE PMD g2 X%
FAM, 2004,33(3):326~328

Yao H J, Lou C Y, Zeng L, et al.
Sinica ,2004,33(3).:326~328

Huttner B, Gisin N. Anomalous pulse spreading in

Acta Photonica

birefringent optical fibers with polarization-dependent
losses. Opt Lett, 1997,22(8): 504~506

Takashi Saida, Koichi Takiguchi, Shoichiro Kuwahara,
Plannar lighitwave circuit polarization mode
dispersion compensator. IEEE Phot Tech Lett, 2002,14
(4).507~509

et al.

Lima I T, Khosravani Jr R, et al. Comparison of
polarization mode dispersion emulators. JLT, 2001, 19
(12).1872~1881

Huttner B, Geiser C, Gisin N. Polarization -induced
distortions in optical fiber networks with polarization-
mode dispersion and polarization-dependent losses.
IEEE Journal of Selected Topic in

Electronics ,2000,6(2);: 317~329

Quantum

Okuno M, Sugita A, Jinguji K, et al. Birefringence
control of silica waveguides on Si and its application to a
polarization-beam splitter /switch, JLT, 1994,12(4);
625~633

Walker N G, Walker G R. Polarization control for
coherent communications. JLT,1990,8(3): 438~458
Phua P B, Haus H A, A deterministically control -led
four-segment polarization-mode dispersion emulator.

JLT,2002,20(7): 1132~1140



1384 X F % # 34 %

Statistical analysis of Cascaded PLC-based PMD Compensator with PDL
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Abstract By utilizing Miller matrix approach, a detailed statistical analysis on the PDL (polarization
dependent loss) dependence of differential group delay (DGD) in cascaded planar lightwave circuit (PLC)
based PMD compensator is presented. For PDL values ranging from 0 to 10 dB, the DGD distributions
were calculated with Monte Carlo simulation for cascaded PLC circuits of 3,4,5 and 15 segments. Based on
comparison with Maxwell distribution, it was found that an optimized segment number for cascaded PLC
circuit with PDL is around 4, and that DGD distribution exhibits a severe deviation away from the
Maxwellian as PDL is above 8 dB.

Keywords PMD compensator;Planar lightwave circuit (PLC) ;Optical fiber communications; PDL
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