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Experimental Investigation of 40 Gb/s Transmission Based on
10 Gb/s Transmission Links

CHEN Ming-hua, MA Nan, SHI Ying, ZOU Ming-yuan, XIE Shi-zhong

(Department of Electronic Engineering , Tsinghua University, Beijing 100084, China)

from 10 Gb/s to 40 Gb/s.

Abstract A 40 Gb/s optical transmission based on the NSFCNet 400 km X 10 Gb/s system is realized without any
precisely when the system upgrades, because the dispersion tolerance of 40 Gb/s systems is much lower than that of
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bit error rate (BER) floor. It is shown that typical 10 Gb/s systems of middle or short distance can be upgraded to
40 Gb/s directly without change the transmission links, However, the chromatic dispersion must be compensated
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carrier-suppressed return-to-zero format
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10 Gb/s system. Meanwhile, the influence of the optical power injected into the fiber links is also investigated. The
to noise ratio (OSNR) due to the enlarged signal bandwidth when the bit rate of transmission system is upgraded

results show that the effect of the fiber nonlinearity must be considered as well as the improvement of optical signal

optical communication; wavelength division multiplexing; dispersion compensation; nonlinear effects;

RN Z N BEA 10 Gb/setEm R & Tt
4340 Gb/sRAM T RBEWH BB, BE,40 Gb/s

M (NSFCNet) H £ % 400 km [ 10 Gb/s ¥ % i 4%
B0 S R E 10 Gb/syg B HEAT40 Gb/SLfE S 1R M Lk, 5T PRk B £
10 Gb/sRG FHF40 Gb/sH I ) 2 4 R T ,
REmEREEOHAR. EEREERAHREE 2 FRMASLR
i AR, G S I P — i P A

S T AR 840 Gb/s Y £ B A 15 iy 3 7 oh =
AR AR R Y, SR SR B RDGAF

A 2% B O BB R 249 T BB ey T J A D P T L 7%

REWTT . ASCERACENTE AR 2RES

R NSFCNet 1 2 #5719 400 km 10 Gb/s
ERMEA MBI, EEIRERNE KEMARG, I EFH KR Gb/s, HTFEXNRE

ot AR T TIRAMDIR ., B 1 B aET
M40Gb/s WM R E WS WE, BFRHA
10. 7 Gb/sthFEDLIE & £ 25 (PPG) , £ o B F 0
(EMUX), =443 Gb/sH 55, & B Hok i
Y7 B . 2004-03-04; W E| & MR H . 2004-07-01
HETHE . EHRBRBFIES (90104003)F1 E K 863 K1 (2003AA103620) ¥ BT H .
EAEH H R BTZE . E-mail: chenmh@tsinghua, edu. cn

EEE N FHHEATI—, B IHFRHFAN BERFHFIRAGEAE FEHR TR ER, TENEFERERN

Vol. 32, No. 4



530 g 5|

" K 32 %

155 5% 6 R B K K 1557, 43 Gb/s B 1 ] 13 T 75
(CS-RZ), i 11640 GHzH: 58 i Ando Y6 EBUEER I
AP R K0. 01 nm iYL RE, W5 H R E 50k
WEEE 2 BiR. BESHEA 5 BOBG SN, X
5 Btk B 382 B 80 ki i S LF (SMP) I #b
LR (DCF) ¥4 Ji 1 2 1AMz AR P (DCMD i C
BB LT ik 288 (EDFA) TTH) R, (6715 1 B i
2, % BB A0 Gb/sH AN LM, X A& s
B R EHEMN10 Gb/sFR G T -G R, T A %ot 42 B
FEEF AR 2% A0 6 BB B 55 B8 ST 48 14 R AT A ] B

P, AR A G EIA 210 ps/nm, X F @ E AR A T
1000 ps/nmff 10 Gb/s RER YL, BEA S E Y W
RGotkfE. (H2H T40 Gb/sREMBRHAER/NT
60 ps/nm, B A CEE W HLETHCE T B L EF A Bk
St (FBG) il 5% i v] ) (B BOrME R B . 25 B 3 A]
B 8 B A M BBl A — 300~ — 700 ps/nm, £ #
HE 10 km BT DL P-4 88 N 5 S 4 B I R A
EBE R, TR PLNG,43 Gb/sBE S 2 ekl
TR ERRE S MR E A E R RN10.7 Gb/s, @A
BRAG W . TT , HEAT IR AW

B WARN RGEAEE RO & 753X Fh % 4
e
. 80 km SMF 110 km SMF 40~10Gb
10~40Gb i i EDEMUX
EMUX i (.Y.) i
i dispersion dynamic| |43 Gb/s
10.7 Gb/s Z?S(_}]l{)és > & compensation : SDCM | receiver BERT
PPG } i module :
source | i !
(80 km SMF+DCF +EDFA) X5
Bl EmAgEIRE
Fig.1 Experimental setup
28.5
(a) (b)
8.5 |REF
S : =
: =) |
= jas) /
% = | i
< 3LS |y -
- _ warning : 120 \ﬂ_\
disk not inserted
-51.5 E—
) 1556.34 1557.34 1558.34
10 ps /div Wavelength /nm
B 2 43 Gb/s CS-RZ R () FG L (b
Fig. 2 Eye diagram (a) and spectrum (b) of 43 Gb/s CS-RZ signal
1600 ' 10 '
(a) (b)
L 5 1
1400 g
1200 | = ot
_ 1000 | 5
g z
S 00 | g
= 600 | S !l
=
400 f o
200 o
0 . . . . 220 . : .
0 100 200 300 400 0 100 200 300 400
Transmission length /km Transmission length /km
B3 SR RSN EHE MR E (b
Fig. 3 Schematic diagram of dispersion (a) and power distribution (b) in the experiment



4 MREA%E 4. FET 10 Gb/s e BRE0 40 Gb/s e LB BF I 531

LEAGHOBEMRENE 3 fim. BT
RIER G T R T i, TR EERMAELZEN
10 Gb/sREMEAHEE . R, NI &R 545 KAl L
F R B 15 4 B B H Ot DRI B B R E
BN T7 dBm, H5HELE10 Gb/sREM L, H X B AR .
XRATREERGEFHEENELRER R,

Bl 4 7 43 Gb/s REMH BFHAFES LT
410 koo B SEET ££ i 41 Bt I 00 75 F) TR AD R 28,
DRAH 28 2. 3 dB, T BA B B 1 RS R (BER)
FH. mBE I, FA B PR Gb/ bR RS
A ] REE I HEN0 Gb/sRE.,

4

after 410 km

~log 10 (BER)
Ko =] ~J [o

backjgback
10

11 1 J. L i 1
-24.5 -24.0 -23.5 -23.0 -22.5 -22.0 -215

Input power of reciver power
B 4 43 Gb/s CS-RZ {55 & at 400 km L& 4% 1%
14 5 iR G %
Fig. 4 Bit error rate of 43 Gb/s CS-RZ optical signal

after the transmission of 400 km links

3 JLEIREMRIE R

XHEESL 40 Gb/ st i R G i) R &k Fe P AT
TSRRBTIE . A AR TEAOGETE B D R AR
40 Gb/stEMIREMIRBEEEABTHOLIRZ
IR KR,INE S i, hEFATUEL, REEAH
RIS F AR AL 6 B L D R B AL .
WEH TEA G T A 3 0, 2R GE TR R 2 /) ik 3
B/MER X ZH . YR E R R RMES NS
W Ze 388 R YA IR L 32 2 X, 78 B DX, B2 R R SR iR BD
REERRI EE SRR IR W I, BEF 1A b 4 B
HH R G S BRI PR ' £ MR Lt e 8 ¥
B, AT R GRS R WA T . B A IEL
PR X, BEE TEAOCA BB HOE T Rt — 2P,
BAR YL 6 5 W LU I8 K gk Se 3, (B R G o
e[ e IR LRy B NTTEI D S WP S SRR ) I
M, ZREFBRENTEATRNR
7~8 dBm, /N FH K10 Gb/sE 4, 7£10 Gb/s
ARG F4L0 Gb/sRETH RS, b 5850 % JEOLE

R R

~a

10 1 A

107 4

BER
=

10~ 4~a_OSNRregion Fe
10 4 Tu, 4 1
107 A LN ,l/ 1

4 5 6 7 8 9 10 11 12 13
Input signal power of the fiber link /dBm

B 5 REEEGHEANER KOG RZEK R R

Fig.5 Relationship between BER and input optical power

4 4 ®

7E NSFCNet ¥ 400 km X 10 Gb/s I 4+ B H
(WDM) Yotk g 529 T — B 40 Gb/s 2R
AR A2 B A A, LS00 R B i BRSO
B, XS W R, LRI 10 Gb/s T4 R K
40 Gb/ SR G , £ F& 55 4 S 1A 140 3 1 135 68 e
TR IR 0 00 R B e e 1 0, L R T A
FEOLLF AL MR (S BT, % B R HE RS 10 Gb/s
ARG E5EE BT LB SRR T 40 Gb/s R%.

2 £ X W

1 T. Hirooka, M. J. Ablowitz. Analysis of timing and amplitude
jitter due to intrachannel dispersion-managed pulse interactions
[J]. IEEE Photon. Technol. Lett. , 2002, 14(5): 633~635

2 R. L Killey, H. J. Thiele, V. Mikhailov. Reduction of
intrachannel nonlinear distortion in 40-Gb/s based WDM
transmission over standard fiber[J]. IEEE Photon. Technol.
Lett. , 2000, 12(12): 1624~1626

3 A. Mecozzi, C. B. Clausen, M. Shtaif. Analysis of intrachannel
nonlinear effects in highly dispersed optical pulse transmission
[J]. IEEE Photon. Technol. Lett. , 2000, 12(4): 392~394

4 Y. Sus G. Raybon, L. K. Wickham & al.. 40-Gb/s
transmission over 2000 km of nonzero-dispersion fiber using 100-
km amplifier spacing [C]. OFC 2002, 2002. 609~611

5 Y. Miyamoto, A. Hirano, K. 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 [ J .
Electron. Lert., 1999, 35(23). 2041~2042

6 J-X. Cai, M. Nissov, C. R. Davidson & al.. Ultra long-haul
high-speed transmission [C]. ECOC 2002, 2002. 10.1.1

7 B. Bakhshi, M. Vaa, E. A. Golvchenko e al.. Comparison of
CRZ, RZ and NRZ modulation formats in a 64 X 12. 3 Gb/s
WDM transmission experiment over 9000 km[C]. OFC 2001,
2001. WF4-1

8 B. Dany, O. Leclerc, F. Neddam e al.. Optimization of 40
Gbit/s dispersion maps for long-haul WDM transmissions with
up to 0. 4 bit/(s » Hz) spectral efficiency[C]. OFC 2001, 2001.
TuN5-1



