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Abstract
The effect of the dispersion map and nonlineaityperformance of 107 Gbps on-off-keying with eliéint
return-to-zero duty-cycle over long-haul transnussis investigated by simulation. It is observedttithout
existence of nonlinearity, different dispersion magpgerform almost similar. However, performance etddhce
between different dispersion maps becomes notieeabken nonlinearity presents in the system. Intemte of
nonlinearity, at any launched power, the map wittuad 10% dispersion pre- and 90% post-compensatiows

the optimum performance.
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Introduction

In ultrafast optical transmission system,
chromatic dispersion plays as the main factor fingits
the transmission distance (Wang et al., 2010, danse
al., 2007, Schubert et al., 2007, Milivojevic et, £005,
Takiguchi et al., 1998). In single wavelength |dmag4l
transmission the interaction between self- phase
modulation (SPM) and group velocity dispersion (QVD
causes severe waveform distortion (Jain and Kumar,
2010, Malekmohammadi et al., 2009). An effective
approach to minimize the accumulation of nonlinear
distortion along optical links is the optimizatiari the
cumulated dispersion profile, commonly referredam
dispersion map (Fischer et al., 2009, Bo-ning 8110,
Frignac and Ramantanis, 2010, Huang et al., 2010,
Supradeepa et al., 2010, Xuejun et al., 2010, Zizrey
al., 2010). The map, which uses distributed in-line
dispersion = compensation instead of lumped
compensation at the receiver or the transmitteguise
effective in suppressing the SPM-GVD interactioair(J
and Kumar, 2010). In addition, by simulation, ishzeen
shown that symmetric dispersion compensation img4on
haul transmission provides lower signal degradation
compared to asymmetric maps (Mu and Menyuk, 2001).

Different modulation formats had been used for
long-haul transmission systems (Abas et al., 2Qbip, et
al., 2003, Taga and Chung, 2010). However, intgnsit
modulation with direct detection is still the most
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popularly employed techniques due to its simpligihd
lower implementation cost. At bit rates of 10Gbpsl a
higher, it has been shown that return-to-zero (B#rs
superior performance over non return-to-zero (NRY)
certain regimes where chromatic dispersion andr fibe
nonlinearities are present (Ip and Kahn, 2006, dopet
al., 1999, Mu and Menyuk, 2001). In this paper, the
impact of eleven different symmetric dispersion sap
and different launched power on the performanc&05f
Gp/s on-off keying (OOK) with 33%, 50%, and 67% RZ
duty-cycles over 1000 km standard single mode fiber
(SSMF) is investigated.

Simulation M odel

Figure 1 shows the schematic diagram of the
simulation model. The simulation is conducted bings
the established commercial software named Opti8yste
At the transmitter side, an RZ signal generatarsisd to
produce 107 Gbps bit streams witl-2 pseudo random
binary signal (PRBS). In this study, three diffaré&z
duty-cycles, i.e. 33%, 50% and 67%, are used to
investigate the duty cycle impacts on the perforreanf
the system. The output of the RZ pulse generattiren
externally modulated over an optical carrier udifach-
Zehnder Modulator (MZM) with 30 dB extinction ratio
The optical carrier signal is generated from arithigted
feedback (DFB) laser diode (LD), operating at 155@
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The modulated signal is then transmitted over té@ 1
km span, which result in a total of 1000 km SSME&clt
SSMF span contains 1675 ps/nm of chromatic
dispersion. The detail specification is shown irbl€al.

The total dispersion per SSMF is compensated by516.
km DCF with dispersion coefficient of —-100 ps/
(nm-km). The dispersion compensation per SSMF is
performed in eleven different symmetric maps (T&)le

For the first map, the total dispersion of SSMF is
compensated using 16.75 km DCF located after each
SSMF span as post-compensation. In the second map,
10% of total dispersion of SSMF, i.e. 167.5 ps/nsn,
compensated using 1.675 km DCF located before every
SSMF span as the pre-compensation, and the batdnce
90%, i.e. 1507.5 ps/nm, is compensated by 15.075 km
DCF located after each SSMF span as post-
compensation. As shown in Table 2, for the follogvin
map, the amount of dispersion compensated as pre-
compensation is increased by 10%, while the amotint
post-compensation is reduced by 10%. Finally, iae th
map 11, the total dispersion per SSMF, i.e., 165/Am

is compensated using 16.75 km DCF located before
every SSMF span as pre-compensation. For all
dispersion maps, there should be 16.75 km DCFatiat

as the in-line-DCF, between every two adjacent SSMF
span in the link.

The total loss per SSMF is compensated by
Erbium doped fiber amplifier (EDFA) with 4 dB noise
figure and identical gain. The launched power iexery
SSMF and DCF is controlled by using an optical
attenuator located after every EDFA. In this study,
fifteen different combinations of launched powetoin
SSMF and DCF are investigated, which consist adehr
different launched powers into SSMFs, i.e., +5, ai1d
+9 dBm, and five different launched powers into BCF
ie., -4.5, =3, -1.5, -0, and +1.5 dBm. At the inemre
side, a Gaussian optical band-pass filter (BPFh @0
GHz cut-off frequency is used to eliminate the sgst
noise that mainly produced by optical amplifiershiem
the received optical signal is detected by a p-i-n
photodiode (PD) followed by a low-pass filter (LPF)
The launched power into the PD is controlled by an
optical attenuator located before the BPF to astuee
power reaching the photodiode not exceed the lighit-
off frequency of the electrical Gaussian LPF isateg4.2
GHz to minimize the PD noise. Performance of the
received signal after the LPF is evaluated fromsilgeal
eye diagrams.

Results and Discussion

Figure 2 shows the performance of 107 Gb/s
OOK over eleven different dispersion map. Figures 2
(al1), (bl), (c1), (d1) and (el) present the peréoroe of
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RZ signal with 33% duty-cycle for the case that the
launched power into DCFs is set at —4.5, -3, @,.and
+1.5 dBm, respectively. In general, when the laedch
power into SSMF is as low as +5 dBm, almost similar
performance is observed over different dispersi@psn
At the same power into SSMF, by increasing the
launched power into DCF from —4.5 to +1.5 dBm the Q
factor improves from around 4 to around 5. This
improvement is due to the increment in optical algo
noise ratio (OSNR). In addition, it shows that the
nonlinearity is not yet pronounced.

By increasing the launched power into SSMF to
+7 dBm, the performance of the system at the lower
launched power into DCF is improved, however, staot
degrade at the higher launched power. At launched
power of +9 dBm into SSMF, the nonlinearity of the
system started to rise, which made the system
performance severely affected in some dispersiopsma
This can be clearly witnessed when high pre-
compensation value involves. Thus, in general, hat t
lower power, all dispersion maps have almost simila
performance, however, performance difference batwee
different maps become more significant when
nonlinearity exist in the system due to the higimizhed
power. This is due to the interaction between tRMS
and GVD, which is constructive in the map with post
compensation; while destructive in the pre-compgmsa
map. Similar results are observed for the RZ siymath
50% and 67% duty-cycle. The only difference is tinet
nonlinearity starts at the lower power compare@366.
This is due to the higher amount of power contaiimed
the RZ signal with the larger duty-cycle. The résul
show that selecting an appropriate dispersion maR¥
with larger duty-cycle is more important especiailly
launched power into the system is high. In geneha,
results in Figures 2 show that when the nonlingarit
presents in the system due to the high amount wkpo
the most optimum dispersion map is 10% pre-
compensation and 90% post-compensation. In this
dispersion map, the interaction between SPM and GVD
is effectively constructive.

Figure 3 shows examples of the eye diagrams
selected for the case that the launched powerD@bs
and SSMFs are -3 and +9 dBm, respectively. Figures
3(a), (b), and (c) show the eye diagrams for 339865
and 67% RZ for the case of 10% dispersion pre-
compensation, respectively. The eye diagrams shaitv t
33% RZ (Q-factor=4.5) has very clear eye opening as
compared to 50% RZ (Q-factor=3.7). For 67% RZ the
eye is fully closed due to the high nonlinear effé&tye
diagrams of 33%, 50% and 67% RZ at 40%, 30% and
20% dispersion pre-compensation is shown in Figures
3(d), (e), and (f), respectively. Even though hé three
eyes in this case have the Q-factor of around & etre
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diagrams suggest that 33% RZ has a better quadity a
compared to 50%. In comparison to 67% RZ, both 33%
and 50% have relatively better quality eye.

Conclusion

Transmission performance of 107 Gbps RZ
signal with three different duty-cycles over 100fh k
SSMF with 11 different dispersion maps was
investigated. At the lower launched power or shoRg
duty-cycle, all dispersion maps show almost similar
performance. However, performance difference betwee
different dispersion maps rises when nonlinearity
presents in the system. In overall, in existence of
nonlinearity, around 10% dispersion pre- and 90%tpo
compensation realized the best dispersion map. In
addition, RZ signal with the shorter duty-cyclenmre
resilient to dispersion. The output from this reshacan
be used as dispersion management guideline forlditgh
rate long-haul transmission system.
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Table 1: Detail characteristics of the SSMF and DCF used in the simulation
Fiber type SSMFDCF
Attenuation (dB/km) 0.2 0.5
Dispersion coefficient (ps/(nm-km)6.75{—100
Dispersion slope (ps/(rfrkm)) | 0.075-0.35
PMD coefficient (ps{km) 05| 05
Differential group delay (ps’/km)] 0.2 02
Effective area (uf) 80 | 12

Table 2: Dispersion maps

Pre-dispersiofiPost-dispersion
Dispersioncompensationcompensation
MO oe) | km) | 08| (km)
1 0 0 100 16.75
2 10| 1.675| 90| 15.07%
3 20| 3.35| 80 134
4 30| 5.025| 70| 11.72%
5 40 6.7 60| 10.05
6 50| 8.375| 50| 8.375
7 60| 10.05| 40 6.7
8 70| 11.725 30/ 5.025
9 80| 134 | 20 3.35
10 90| 15.075 10 1.675
11 100| 16.75 0 0
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: In-line DCF

Figure 1: A schematic diagram of the transmission model
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Figure 2: Q-Factor asa function of dispersion map for different launched powersinto DCF and SSMF for 33%, 50%, and 67%
RZ duty-cycles.
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Figure 3: Eyediagrams (a), (b), and (c) 10% pre-compensation for 33%, 50% and 67% RZ, respectively; (d), (e), and (f) 40%,
30%, and 20% pre-compensation for 33%, 50% and 67% RZ, respectively.
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