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ABSTRACT: In communication system higher speed data transmission is always required. For higher bit rate and
flexible bandwidth Optical time division multiplexing (OTDM) is one of the lsgstem. In this paper the simulation is
carried out by using the four channel OTDM system with the use of Return to zero (RZ) and Moddibth&ry
Returnto-Zero (MDRZ) modulation format. System is evaluated on reception by using both flestmption
modulator (EAM) and Meclzehnder modulator (MZM) in single and cascaded configurations and conclusion have
been drawn by demultiplexing from 160 Gb/s to 40 Gb/s over a 2400 km with acceptable bit efflBER)t@nd

Quality factor (Q) value. The simulati work is done in optisystem 7.0 suite software.
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[. INTRODUCTION

Optical Fiber system plays a vital role in optical communication system. The optical carrierhsignadry great
probable transmissiobandwidth than metallic cable systems. Development of different multiplexing technology
sanctioned very high capacity optical fiber communication networks that offer transmission ovethowmaynds of
kilometers without using any electronic repeater Pjptical technology plays a crucial role in the decrease of the
necessity of the electronic processing by steering the traffic in the optical domain directargehétorder to avoid
the need for large electronic processors at intermediate netwoitiop®g2]. There is an increasing insists for
extended transmission capacity. This demand can be fulfill by OTDM technology. In OTDM, a datac$thégh bit

rate is constructed directly by time division multiplexing various optical streams of lowateit3]. At the receiver
side, demultiplexing of the very high d#ite optical signal to several lower -kéite signals is performed before
detection and conversion into the electrical field. Theiliwesion multiplexing is a completely digital tecloguie and
hence it is compatible with the idea of andifiital network which combines switching and transmission. Moreover,
OTDM provides system flexibility and it is capable to allocation of bandwidth in to different ipaksebannels. In this
only a singe transmitter laser is required for all the channels.

Very high-speed optical OTDM systems having single wavelength chanesl iratexcess of 100 Gh/sffer simple
organization and control, the capacity to provide truly flexible bandwidth on demand service, patdtehg, and
scalability in the number of users [4]. At present time, the major research work on ultrafastneptvosks has been
dedicaed to device technology demonstrations such agpéital logic at OTDM rates [5], high repetition rate short
optical pulse sources [6], salfnchronization methods [7], wavelength conversion [8], and-temg transmission
using ultrashort pulses. A Igher Time Division Multiplexing (TDM) bit rate makes transmission systems a more
exposed to chromatic dispersion (CD) and polarizatiade dispersion (PMD), and creating the need for a higher
optical signatto-noise ratio (OSNR) in the wavelength chaniehigher OSNR is obtained by employing a higher
signal power, and this will make the system more sensitive to fiber nonlinearity. A different endhaltenging view

as regards OTDM technology is that optical networks will evolve into “photonic netWwankshich ultrafast optical
signals of any bit rate and modulation format will be transmitted and processed from end to end aptical
electricat optical conversion. With this as the target, OTDM technology presents us with the challengetiofativgs

and developing higispeed optical signal processing and exploring the ultimate capacity for fiber transmission in a
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single wavelength channel [9The performance of OTDM system has been measured on the basigaibiand
BER[10].The BER is bas#dly the ratio of number of birrors to the total number of transmitted bits. Th&aor
determines the opening of the eye. More the eye opening the Gfactor and better is the signal strength [11]. This
paper demonstrates the comparison betweféerett modulators and modulation formats at receiver side. This paper is
structured as follow: Section Il presents the general structure of OTDM. Section Ill shows tregi@imadtup of
different modulators and modulation formats. In section IV andsultgand conclusions are drawn.

II. GENERAL OTDM SETUP

The block diagram of general OTDM system is shown in Fig.1. OTDM transmission system consiste patts:
transmitter fibre link and receiver. The transmitter block consists of Laser sources, modulators and multiplexer. The
fibore span contains optical amplifiers, DCF and transmissitlore. The receiver block consist of
synchronization/timing extraction circuit and channelndgtiplexer. The PRBS block generates multiple pattern
output at a bit rate bits/sec. All the channels from CW laser are operating at same waveleng§#mrmof Wih line

width 10MHz and 0 dm power. Before being multiplexed together, each signal is folbgwaedoptical delay of O ns,

2 ns, 4 ns and 6 ns and then fed to corresponding 4x1 multiplexer. The OTDM signal traveldiloneerAdter
travelling througHfibre, the pulse gets broadened due to chromatic dispersion. So to compensate difibeesipan
consists of DCF to make the total dispersion zero. After then itisultiplexed at the receiver side.

Lase > Modulator > Combiner
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Clock »| PRBS
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f
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Fig.1. General Overview of OTDM link.

The receiver consists of clock recovery, photo detector, filter and BER analyzer. After that 16®p&Ebally
modulated signal is splitted into four 40 Gbps signalsfaddo the demodulator. The optical signal is then converted
into electrical domain with the help of PIN diode photo detector having responsivity of 1 A/W rkncud@&nt 1 nA.
The signal noise is then filtered out using low pass filter withoffulrequency 0.75*Bit rate. The BER analyzer is
used to measure Q value and BER.

lll. SIMULATION SETUP

A continuous wave laser source is used with 10 db line width, which is operating at 193.1 THzZ245%®2). The
transmitter consists of fork 1*4 use to siiie 40Gbps channel into four channels. Four channels from the Continuous
Wave (CW) laser are MDRZ modulated with a different pseatialom bit sequence (PRBS) generator. Among the
four splitted channels each channel espouse from optical delay. Thenttirdagh the 4*1 power combiner. An
OTDM signal is generated and passes through the 25 km single mode fiber with dispersion of Kimp&hen an
erbium doped fiber amplifier (EDFA) is employed with gain of 5 dB.
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Fig.2. Simulation setup for 160Gb@&TDM with RZ modulation format.
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Fig.2.1.Simulation set up of 160Gbps OTDM with MDRZ modulation format.

Fig.2.2 Simulation set up of MDRODTDM with cascaded MZM modulator.

EDFA uses 10 dBm of power for its operation. So to compensatdigbersion, fiber length consists of Dispersion
Compensating fiber (DCF) to make the total dispersion null. The length of DCF is 10km with disp8Esio
ps/nm/km. At the receiver side EAM or MZM are used with PRBS and RZ pulse generator.PIN photo idetiset
with responsivity of 1 A/W and dark current 1 nA. Low Pass filter is employed with cut off frequE@cE5*Bit rate.
The BER analyzer is use to measure Q value and the BER.

IV. RESULTS AND DISCUSSION

The different modulation formats are comgmhrfor 160 Gb/s OTDM system with different number of modulators at
receiver side. RZ and MDRZ modulation format are used with single and cascaded electro absorhtlatormo
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(EAM) or MachZehnder Modulator (MZM). The optical spectra for the RZ OTDM andRMEDTDM at 0 dbm input
power at 193.1 THz is shown in fig 3 and fig.3.1.
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Fig.3. Power spectrum at 193.1 THz for MDRZ OTDM
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Fig.3.1.Power spectrum at 193.1 THz for RZ OTDIglystem with 10MHz line width

It has narrow spectral width as compare to the fig 3 in fig 3.1. More is the spectral width thdigpersion raise. So
MDRZ OTDM system gives better performance than that of RZ OTDM system.

In OTDM system, Q value is one of an important parametérighased to measure the performance of the system.
The graphs are plotted between the Q value and the transmission distance by varying differeterparame
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Fig.3.2 Comparison of performance between RZ OTDM and MDRZ OTDM system.
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Table 1 Comparison table of performance between RZ OTDM and MDRZ OTDM system with single MZM modulator

at receiver

Distancein km | RZ OTDM | MDRZ OTDM
12C 8.606: 18.001.

24( 7.0182¢ 17.62¢

36( 5.3557: 16.994¢

48( 4.4076:. 15.954¢

60C 3.6272 14.744¢

72 3.0750:. 13.44:¢

By varying the distance travel by optical signal the Q factor value also changes. Between the RA@ITIDRZ
OTDM the MDRZ OTDM gives the most effective result in Fig.3.2.

The RZ OTDM signal travel approximately 350 Km and MDRZ OTDM tawel upto 2100 Km with acceptable Q
factor value with single MZM modulator at receiver side.
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Fig.3.3.Q factor performance after demultiplexing 160 to 40 Gbps with single and cascaded modulator.

It is clear that double MZM modulatgives best performance among them. And travel maximum achievable distance
with acceptable Q value.

Copyright to IJAREEIE DOI:10.15662/IJAREEIE2017.0608009 6035


http://www.ijareeie.com

ISSN (Print) : 2320—3765
ISSN (Online): 22788875

| nternational Journal of Advanced Researchin Electrical,
Electronics and I nstrumentation Engineering

(An UGC Approved Journal )

Website:  www.ijareeie.com

Vol. 6, Issue 8, August 2017

Table 2 Q factor values by varying transmission distance for MDRZ OTDM system with single and cascaded EAM
and MZM modulators.

Single

Single Double MZM Double
Distance| EAM Q EAM Q Q MZM Q
in km factor factor factor
factor
value value value
value

30C 9.7118: 15.465! 15.81 26.211

60C 9.311¢ 13.068: | 13.062: | 20.184¢

90C 8.4227: 10.749 | 10.693! | 14.810t

120( 7.4240° 9.072¢ 8.952¢ | 11.737!

150( 6.5247: 7.8616¢ | 7.6457 | 9.6526:

1800 5.66252 | 6.82077| 6.5492 | 7.96826

210¢ 4.85: 5.8263. | 5.6047' | 6.5135!

2220 455668 | 5.4711 | 5.2689 | 6.06919

2400 416162 | 5.0108 | 4.8202 | 5.51 195

When 0 dbm input power is applied then therediiferent Q factors values observed at different transmission distance
for single and cascaded modulators in fig 3.4. It is clear that double MZM modulator gives h@shgreré among
them. And travel maximum achievable distance with acceptable Q vatenghthem single EAM give the worst
performance it travel only upto 1800 Km with acceptable limit. Single MZM and Double EAM givesxapataly
same performance.

Fig 3.4.Q factor performance at the same transmission distance by varying the input power for singlezated cas
modulators.
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Among all the input powers the 0 dBm gives the best Q factor value as shown in fig 3.5. And amoiogufators,
double MZM gives the dst result at 0 dBm input power. As we goes on increasing the power then the Q factor value is
decreasing, but in case of single MZM at 5 dBm the value of Q factor is 0 and at 10 dBm the Gafaetiar 3.55877.

Fig.3.5 Eye diagrams at min amdax transmission distance for Single EAM

Fig.3.6 Eye diagrams at min and max transmission distance for Single MZM

Fig.3.7. Eye diagrams at min and max transmission distance for Double EAM

Fig 3.8.Eye diagrams at min and max transmission distance Double MZM

For the single and cascaded modulators Eye diagram are shown in fig. In fig 3.5. maximum adn@nsblesion
distance of 1800 km on which eye height has acceptable value, i.e noise kageneteffect on the optical signal
transmission. The eye diagram for single MZM and the double EAM are the approximately similar gather
maximum achievable distance of 2100 km. Best eye pattern among is of double MZM with maximumbkechieva
distane of 2400 km.

V. CONCLUSION

In this paper firstly, compared the Q factor value between RZ OTDM and MDRZ OTDM and observadvibdr4
OTDM technology the transmission distance without using repeater is more than the RZ OTDM tectRalogy
OTDM has trasmission distance is only up to 300 km with an acceptable BER and Q factor value.
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Secondly, compared the performance of MDRZ OTDM system by using single and cascaded modulatgikeat re
end. Among them the single EAM, double EAM, single MZM aoubte MZM modulator the double MZM gives
the best result of transmission distance 2400 km without using regenerator with an acceptalbiev@ldiecb.51595
and BER 4.42527*1®at 0dbm input power.

REFERENCES

[1] A. E. Willner, Z. Pan, M. |. HayeéMajor Accomplishments in 2010 on Optical Fiber Communication,” IEEE Photonics Journal, Vol. 3, No.
pp. 326324, April 2011.

[2] Dave M. Spirit, Andrew D, Ellis, and Pete E. Barnsley, “Optical Time Division Multiplexing:eBystand Networks” IEEE @umunications
Magazine, Vol. 32, No.12, pp. 88, December 1994.

[3] Rodney S. Tucker, Gad I. E. Isenstein and Steven K. Korotky, “Optical-Dimision Multiplexing for very high birate transmission,” Journal
of Light wave Technology, Vol. 6, No. 11, pp737%1749, November 1988.

[4]J. D. Moores, J. Kom, K. L. Hall, S. G. Finn, and K. A.

Rauschenbach, “Ultrafast Optical TDM networking extension to the wide area”, IEICE Trans. Con82t®, [gp. 209221, 1999.

[5] K. L. Hall and K. A. Rauschenbach, ltAoptical Buffering of 46Gb/s data packets,” IEEE Photonics Tech. Lett., Vol. 10, No. 3, pp4442
March 1998.

[6] K. Suzuki, K. A. lwatsuki, S. Nishi, M. Saruwatari, and T. Kitoh, “160 Gbit/s-Bigbsecond transfor#imited pulse signal generatiariilizing
adiabatic soliton compression and optical tidigsion multiplexing,” IEEE Photon. Technol. Lett., Vol. 6, No. 3, pp.-352, March 1994.

[7]1 T.J. Xia, Y. H. Kao., Y. Liang, J. W. Lou, K. H. Ahn, O. Boyraz, G. A. Now, A. A. Said and Msl&n, “Novel Selfsynchronization Scheme
for high-speed Packet TDM networks,” IEEE Photon Tech. Lett., Vol. 11, No. 2, pp22&9February 1999.

[8] T. Durhuus, B. Mikkelsen, C. Joergensen, S. L. Danielsen, and K. E. Stubjkaer, “All OpticdeWéle®nversion by Semtonductor Optical
Amplifiers,” J. Lightwave Technol., Vol. 14, No. 6, pp. 9824, June 1996.

[9] HansGeorg Weber, Reinhold Ludwig, Sebastian Ferber, Carsten Scharidhorst, Marcel Kroh, Vincent Marembert, Christof Boerner, and
Colja Schubert “Ultrahigh-Speed OTDMTransmission Technology’JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 24, NO. 12,
DECEMBER 2006.

[10] W. Yu, L. Huo, D.LU, C. Lou” A Novel Optical Picoseconds NRZ to RZ format converter with sinedus wavelength Multisting Using a
Single Stage Mach Zehnder Modulator” Optic Communication, Vol. 285, pp-430@, July 2012.

[11] L. Wang, Y. Dai, G.K.P. Lei, J. Du, C. Shu, Alptical RZto-NRZ and NRZto-PRZ format conversions based on Dedéessymmetric nonlinear
loop mirror,IEEE Photon. Technol. Lett. 23(6) (2011).

Copyright to IJAREEIE DOI:10.15662/IJAREEIE2017.0608009 6038


http://www.ijareeie.com

