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Abstract:

Optimal Modulation Formats for 2560 km Optical Transmission
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simulation, respectively. In this simulated system the EDFA was used as the solo amplifier and the CFBG was served
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as the solo dispersion compensator. A practical 8 X 10 Gb/s transmission experiment with CSRZ formats in straight

—

Based on the analysis of implementation method of NRZ, RZ and CSRZ formats, the transmission
performance of the 10 Gb/s system with these different formats mentioned above was compared by numerical
=

electronics relay; error-free code; low penalty

line was also conducted and only 2.5 dB power penalty was cost after 2560 km transmission with error-free code. The
experimental results show CSRZ will help to optimize the performance of the CFBG-based system greatly.
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Fig. 2 Generation schematic diagram of modulation

formats with cascaded modulators
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Table 1 Scheme of NRZ, RZ and CSRZ formats modulation principle and output expressions from cascaded modulators
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Fig. 5 Experimental setup of the transmission system
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Fig. 6 The simulated results after 2560 km transmission with (a) NRZ, (b) RZ, (¢) CSRZ formats respectively

oREcL e et N EES T IE A RS T
=R IR i 98 55 RUAE AR ER M A SR AT oK
#x (EDFA) 73 51 R R et — B JiCRME: T BE A T 323K
RIEAW LR RGE ARG, B 5 i A fE
Hi A HERE, BN T 2560 km [ 8 X 10 Gb/s ik
B, BHYCH RLE G. 652 Y4F, B h 4k Bt
HFHKERN 100 km, @& ML EHEHRFE, LGN
W5 B BBRFEL 20. 5 dB, BANE BRI 26 MR
WAk Br, FEIERETR WL R, B T B SR G RE
AHRE/NYBBEOE S EE MG R R
FE R R B 3 AR — A, 7 I % (8 2 AN 2R s 8 K
MERAEZT LT A3 AHHEEE/N. X
BAEE —EE RG], HER)E AR LA
FlEHE 7 FiR .

Bl 8 A 9 433 R 7E LR 2560 km 28 Bk L &%
BRAMRERARBGHE. NE 8 LLE M, =g
R, i TIEHBMIERES RN, 758
Wi A5 5 R T v A B A ok o G A B P R, 3k ek PR
TR AL TR SRS, B 8
B A5 5 I 15 W B AH DL B /N 5 T B ASAH X F3E
HEEBEFABRRKAELREAR, H L& A G R

(@) NRZ-

20
15

10
5]

ot
L

|

AR
Ko
L L

Dispersion /(10° ps/nm)
<

-20

0 5 10 15 20 25 30
Transmission distance /(10% km)

B 7tk AR e
Fig. 7 Transmission dispersion map
Xt {5 5 MR 11 3 AR 45 5 A Xk BN 15 S 1 IR T 55
T REA R B, B T HEWRA KT
WA A T R I T BRTE A% i o 7™ A K FR R A 3 i
Bk b 1A T4, 1B 1 3 [] BT DA 2o ™ % 42 ) 4%
i TR ER A GBI /N U0 A 8 B2 A 1 B AT LA
ARIAINH . B 8(b)H LIFE B AT MR B UK
i HR VT £ M L AR R T A 4t 4 O T 8 AR I A A B
PR 5 BRI BT TSt TAH RS Z AP « A2
R BB A 280 DB/ A i A R R R AR R AT
A i R B A0 ) U R ) IR T DL R ST
R, ARUE/IN R R 2 e 2000 9 ) P 42 g R 1% i G

(b) RZ (c) CSRZ

B8 =70 ol 5 2 S PRk B AL i 2560 km HR &
Fig. 8 The eye diagrams of 10 Gb/s transmission after 2560 km G, 652 fiber transmission with (a) NRZ,
(b) RZ and (¢) CSRZ formats respectively



3 B B%. AAEBERELI 2560 km RAH L RGEH 335

A5 W LR o Mt BB . S PR A 512560 km 5 £
Wi 155 B B T B 8 (o) T 7 » oot A5 MR LU AH X oAt
BB AN ARG RRREGHBNIER, D5
2560 km J5 W IR B ULH fk P IE R RGBS B 47 . BE
VLB RAE I 8(a) H, 25 2560 km 455 AR
FEESKMHB T Do W, HIEHEZ B FE
EWHA T RE LR IERZREGE S EERL L

-2,

ARAT R AT RE K #Y 1% i B B, 78 3R 28 o Xt 17 5 12 5 T
VAR 32 T B A 6 7 B B &7 D 3R, T R A &F
T FR7 SR B BASE Ol £ B0 5 A% i B Bk o il T B K
7R I WA 3[R/ — e R R B T RK b R4 8OR
MR fkofd R . B 8 PR
P U1 2 0 28 0 410 ] )0 A A% B 2560 kem 9 HR P&
5HE 6 @ HENHRBREREE .

4 -

4 " Rikwz Rz " i
4] — i » R ~5 - Fit CSR7
. + NRZback to back 4 T R back i =~ 4+ CSRZ back to back
-5 4 - Fit NRZ back to back . PR ek 61 - Fit CSRZ back to ba
.8 -6 4 \\ -7 N
27 B 2
] & £ _ g
§ -8 .P-‘Q:b 8 %31) 3
-8 2 g
-9 ]
-10 ] 10, -10
-114(a) NRZ } (b) RZ -114(c) SCRZ
12 -12 -12

-22 20 ~18 -16 -14 ~12 -10 -8 -6
Power /dBm

~22-21-20-19-18 17 ~16-15~14 -13
Power /dBm

-20 -19 -18 ~17 -16 -~15
Power /dBm

B9 =i 15 2L L PRk B4 H 2560 km RFF 4R
Fig. 9 The bit error ratio Rgr after 2560 km G. 652 fiber transmission with (a) NRZ, (b) RZ and (¢) CSRZ

formats respectively

ME 9 v =F o 45 5 iR 7 Z il &% (BER,
Rep) W] LAE H « [RIHE A4 2560 km, JE TS BAR R
AREELUFRBEHETERRW IR M, WA
T 5.1 dB IR, BPIPHIT TSFE
BEMERN THRELHTIRG, (LR 2.5 dB,
SH 25 R UL AR K IR B AR P R B I H A B RSA R
S il 6 9 ) 4 AR TG % EE LI AR 4, BB LABRR I T
RRY LRF R
4 25 gy

RVEET I FE G 3 i 2% 7= A U9 A AR 2 I )
A ZRA B T 0 T 7= A ) 8 ik o ) e X AR B L
BT AR E D A A AR ] R = A R
ETRWOCA LM arAMEN B RIES AW RSP
et RE , [5) B 72 S2FR Y 2560 km 8X10 Gb/s R H
SR FHVERKOGET St B S 4 R 28 N T &
Bt AL A TR 5. KW RR
B PRI 0 RS A R R A RA R IR &t
ZBR, %% 2560 km WD RAM LA 2.5 dB,iER] T
ZHEAERE RS ERNERAETRMBE R
SR A =X TR 22 BT DA ) R kO A
WM EREB H T R N R MR R G
Bk BE B R A i 1000 ke~ , [ Ik , 1] F WA WG 4F
T B L R AR B R AR BRI A SR H K
BEES 9 Jors 4k e, A BRI B B

2 £ X W

1 C. Caspar, H. M. Foisel, A. Gladisch ez al.. RZ Versus NRZ
modulation format for dispersion compensated SMF-based 10-Gb/s
transmission with more than 100-km amplifier spacing[J]. IEEE
Photon. Technol. Lett., 1999, 11(4): 451~483

2 Yang Zhu, Zeng Hui, Zhang Qiang e al.. 10 Gbit/s CSRZ
3040 km optical transmission experiment without -electronic
regeneration[ J]. Study on Opt. Commun. , 2004, (1): 1~5 (in
Chinese)

W #%.% PE,3K 5B 4. 10 Gbit/s CSRZ 8 3040 km TR E
AL RT]. ABAEHE, 2004, (1D: 1~5

3 B. Bakhshi, M. Vaa, E. A. Golovchenko et al.. Comparison of
CRZ, RZ ad NRZ modulation formats in a 64 X 12. 3 Gb/s WDM
transmission experiment over 9000 km[CJ], OFC 2001, 2001.
WF4-1~WF4-3

4 Y. Miyamoto, A. Hirano, Y. Yonenaga e al.. 320 Gbit/s (8 X
40 Gbit/s) WDM transmission over 367 km with 120 km repeater
spacing using carrier-suppressed return-to zero format [ JJ.
Electron. Lett., 1999, 35(23): 2041~2042

5 Ning Tigang, Fu Yongjun, Tan Zhongwei et al.. Study on delay
characteristics of cascaded chirped FBGs[J]. Chin. J. Lasers,
2004, 31(1): 77~80 (in Chinese)

TR, EAKE. BEHE F. LA EMA ZREn R
P E#k, 2004, 31(1): 77~80

6 Pei Li, Jian Shuisheng, Yan Fengping et al.. The dispersion
compensation of optical fiber Bragg grating on the long distance G.
652 fiber transmission system[]]. Acta Optica Sinica, 2004, 24
(2): 220~224 (in Chinese)

* OW,HAKE,EBRTE § HEABKALEH RN LM
ERRMEBFSI[T]. B FR, 2004, 24(2): 220~224

7 Tan Zhongwei, Jian Shuisheng, Yan Liu e al.. 10-Gb/s
Transmission over 1400 km on G. 652 fiber with dispersion
compensation by chirped FBG[J]. Microwave and Opt. Technol.
Letz. , 2004, 42(3): 199~201

8 Zhongwei Tan, Yan Liu, Yong Chen e« al.. 8 X 10 Gb/s
transmission system over 1500 km on G. 652 fiber dispersion
compensated by chirped fiber gratings[J]. Chin. Opt. Letz. ,
2005, 3(8): 441~443



