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Abstract - There is continuous growth in demand oftémnet
traffic among end users for various application$his results in
overcrowding and interference of data at microwavegien.
Numerous research is being carried out in the fiedfl broadband
technology to achieve high performance and high datte, as
with the increase in demand of application and van® high
bandwidth application at the end user terminal issiress over
data rate. Increased interference leads to deteaiwn in network
performance. A promising solution to this problens, integration
of network evolved from wireless and optical fibertwerk at very
high frequency in millimeter (mm) wave range such 68GHz -
70GHz to cope up the need of bandwidth which resaliricreased
mobility and provide large instantaneous bandwidffhere is a
need of shifting frequency of operation to high fi@ency region
in mm. As the propagation characteristics such adleetion,
refraction and scattering are less at high frequenchigh
frequency of operation at mm wave can be proved ® &
promising solution to provide high data rate with banced
performance. In this project four technologies fancreasing the
bandwidth of network with decrease in cost of systemrewe
reviewed .Including photonic mm wave generation usipgsed on
external intensity modulation and non-linear effexin fiber using
principal of frequency quadrupling and sextuplingFrom all
these four different proposed techniques we conclutieat
dual-parallel MZM is the most cost effective and gmising
solution for frequency quadrupling and copes withalincreasing
frequency demand in the market.

Index Terms- Fiber, Frequency,
Performance, Photonic, modulator.

Optical, LED, BER,

[. INTRODUCTION

In this project, we aim to compare and analyze betwthe
performances of the various proposed techniquescdst
effective generation of optical millimeter wave fadio over
fiber system. We will make an attempt to design sintllate
various proposed techniques which might be impleatein
the near future in the field of optical communioatiand

enhance the performance of the existing system ailf

decreasing the cost of the network. In the exissiystem, at
central office signals from various sources areeired,

processed and are modulated, then it is sent toabe station
through distribution network (optical fiber). At ¢ station
these signals from different sources are againgzsed and
are up-converted separately for each channel. Aftehese
processing the signal is then sent to the usegusitenna for
wireless signal or using cables for wired signal.
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Figure 1.1 Basic Network Architecture

In optical millimeter wave technologies (Figure )] the
received signal at the Central Office are processedulated
and are up-converted for all the channels togeffteen it is
send to the base station using distribution netviarkurther
transmission to the intended user.

Actually in the entire process RF signals are gateerat the
central office itself which is being distributed tbe user
without need of anymore up-conversions and proogssi
whereas in the existing system the signal tranedhiftom
Central office to Base Station are not in RF fdremce it
requires up-conversions and signal processing fiche
channel separately. This process makes the systsihy end
complex.

A. Need for Optical millimeter-wave generation

Despite of number of works being carried oufiéhd of
broadband technology , to achieve high performaan
high date rate , but with the increase in demarapepfication

at the end user terminal and increase demandrioiugahigh
bandwidth application there is a stress over data and
increased interference leads to decrease of network
performance.

A promising solution to this problem is integratiofnetwork
evolved from wireless and optical fiber network.

B. Advantage
» Availability of high bandwidth

» Mobility

As more number of applications will be demandedhegyend
users, there will be overcrowding and interfereotdata at
microwave region .Hence there is a need of shiftequency
of operation to high frequency region in mm intesfece
leads to decrease of network performance. A prowpisi
solution to this problem is integration of netwarkolved
from wireless and optical fiber network, wave regguch as
60GHz - 70GHz.
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High frequency of operation has various advantajasge
instantaneous bandwidth for information transfema$
antenna and other component size. Offer capabitty
enhanced imaging and sensing application.

C. Future Demand of Optical mm Wave

As the propagation characteristics such as reflegcti
refraction and scattering are less at high frequehih
frequency of operation at mm wave can be proveet@
promising solution to provide high data rate witthanced

The above Figure 1.1 shows the block architecifréhe
optical-wireless system and the enabling technekdor
symmetric  super-broadband optical-wireless
Optical millimeter-wave signals are generated ane:chwith
baseband digital signals using cost-efficient alical
approaches at the CO. By using all-optical metheedscan
assure the use of low-frequency electronic deviard
seamless integration with the deployed opticalsmgiasion
systems. For longer transmission distances we sarSMF.
Fading effect induced by chromatic dispersion itiaagp fiber

performance. Exchange of high definition uncompeess js the major limitation is the RF signals. So we amptical
baseband audio and video at high rate can be p@ssifeder networks which acts as an analogue tranismiss
wirelessly in rooms or building .These technologyll W system and delivers the radio signals with the figstity to

eliminate the use of high definition multimedia &vior
connectors (HDMI wires).
Wireless connectivity of video sources and @ctyrs.

the remote BSs.

Due to the need for numerous BSs as a result ofksiges of

Communication link between high speed vehicles. hHigd BS cell size a low-cost and simple architectaresquired
bandwidth wireless link to high capacity or low-paw for the BS design. We can have an attractive smiifiwe use

computing device such as camera and hard drive.

D. Challenges

a centralized light source in the CO in the fulpbix system.
The second goal of this architecture is deliverwo&d and
multi-band wireless services to serve both fixed aobile

» Limited frequency response of electrical componentsisers.

» High frequency oscillation at optical and electooni

domain

These limitation results in use of optical techeisjdor mm
wave generations create these components, incainmpthe
applicable criteria that follow.

. METHODOLOGY

A. Overview:

High attenuation of millimeter-wave signals in tlaér
numerous antenna BSs are needed in millimeter-vibee
systems. In order to make the system economicalyler it
has to be simplified, consolidated, and cost &ffectSo, it
will be critical for ROF systems to shift the corexity away

B. Motivation:

The growing popularity of the Internet, IPTV,déio On
Demand, Video Conferencing, Gaming are the keyofact
behind the development of new access method whahidv
meet the bandwidth requirement. Access network hase
copper has distance and bandwidth limitation antl start
running out of capacity in near future. The acaesshods
based on the optical fiber are getting more ancerattention
as they offer the ultimate solution in deliveringfetent
services to the customer premises.

C. Architecture:

Numerous works are being carried out in the fidldmtical
for mm wave generation. Here are the proposed iggbs

from the RN and BS toward the CO, where the nunafer for mm wave generation:

expensive millimeter-wave signal processing elesieah be
reduced greatly by sharing among multiple end udeos
enabling simple architecture, easier installataong low-cost
operation and Maintenance we can consolidate nmfoteo
expensive components at the CO.
Processing centralization at the CO also providagwaber of
system performance advantages like the feasibitify
implementing efficient multiple input multiple outp
(MIMO) techniques and smart antennas array, cendcl
control of media access layer, and radio sourcemgement.
Clearly the BS needs to perform optoelectronic eosion,
amplification and broadcast functions only.
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Figure 11.1: Key Technology of wireless optical netork
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Not only this the

1.Based on external intensity modulation

2.Cascade external intensity modulation and use of

highly non linear fiber
3.Quadrupling without use of optical filter

4.mm wave generation using freq sextupling

1. Based on external intensity modulation:

In optical communication, intensity modulation (IM} a
form of modulation in which the optical power outmf a
source is varied in accordance with some charatieof the
modulating signal .This scheme is based on frequenc
quadrupling technique, to reduce the bandwidthireqent
of various optical and electrical component [6]

Principal used: frequency quadrupling

In this technique modulator is being driven by RRerator of
frequency f0, and is inputted by laser signal avelength
lambda 1 .Here the modulator is
transmission point to obtain frequency separatietwben
side bands of 4f0. This biasing of modulator at imaxn
Transmission point results in suppression of 1 &iands,

and 2nd sideband is separated from laser spectra by
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2f0.[7],[8] .Figure 1.2 explains frequency quagiing
principals

O
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Figure 11.2: Frequency Quadrupling principal

Block Diagram and working:
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Figure 11.3: Block Diagram of mm wave generation uig
external intensity modulation

AT the Central office Laser signal is generatedg§)FB-LD
laser diode operating at frequency of 193.1THz siRyRal at
frequency fO is modulated with wired and wirelegmal at
same or different data rate using electrical sitpa&ing NRZ
encoding at a data rate of 2.5Gbps.

LibNO3 Mach zehnder IM modulator is used, and th
modulator is biased at maximum transmission pdht|[[],
[8] to achieve frequency quadrupling. Modulator firgsut
from laser (DFB-LD) source and is inputted by wiraad
wireless signal operating at RF frequency fO. Baitted and
wireless signal is 180 degree phase shifted witheaet from
each other to achieve DSB signal.

Let the RF signal be at 10 GHz ,and data rate oédvand
wireless signal be 2.5Gbps the output of modulaiitirbe
two side band separated from the central spect20b@Hz.
Hence both the side bands are separated from ¢hehlwy
40 GHz.

If the carrier is at 193.1 THz and then two sigrdfit side
bands are at 193.08 THz and 193.12THz. Here thebsidds
are separated by frequency separation of 40GHzfwiki4

ISSN: 2319-6378, Volume-3 Issue-9, July 2015

At the Base station ,at the other end of fibeerghis an
interleaver , which function is to separate cardad side
bands .At one port of interleaver it has the sideds (*sub
Carrier) and other end it has laser signal (*e&)rj carrier
signal will be use as a laser source for back ggafpion in
bidirectional
information,
processing further the detected signal is measused) BER

communication. Sub -carrier ,carridglse
is send further for signal detectiomda

meter and power is measured.

Here in this technique we are using exploring ttepprty of
modulator (frequency quadrupling) this reduces
bandwidth requirement of modulator and interleaaed

the

other component .and reduces the cost of systelarge
extent.

2. Cascade external intensity modulation and using hig

non linear fiber

This scheme is based on generation of polarizatsensitive

all optical up conversion using co-polarized puroprse.

Previous work based on external intensity modutatias a

simple architecture for frequency quadrupling buais ha

disadvantage of polarization issue, hence commoerre
modulator cannot be used for frequency up converfio
baseband signals or multisignal input [9],[10].Numes of
methods has been proposed for polarization seesiil/
optical up-conversion. Based on external intensity
modulation, phase modulator, and cross absorptibj [12],
[13].However all these proposed scheme has somebdrk

of conversion loss and polarization sensitivity dptical
signal

In the proposed scheme we are using four wave mixin
technique (FWM) in highly non- linear fiber, for tigal
up-conversion, FWM in non-linear provide attractsadution
for all optical up-conversion as it provide transg®y to the
signal bit rate and modulation format, and is is#ére to
phase matching and multi wavelength capability ddde
advantage of non-linear fiber is fast non-lineapomse.

Basic principal of this scheme is FWM in HNLF
[14].However only a single pump source is used,tss
polarization sensitive and cannot be use to remibne
drawback. Wavelength conversion in non-linear fiben be
polarization insensitive if we are using co-poladzpump
source [15], [16].

e

Principal used: FWM using co-polarized pump source

It works on the principal of FWM using co-polarizedmp
source. Two pump sources are generated using cofasen
source and are spaced 2f, when they are driverrtsidRal at
frequency f. Since these two pump sources are gtater
using common laser signal hence they are phasedoeind
hence they have fixed phase relation. If the pluiggump
signal is not phase locked they will not have fixgltase

times of RF signal).hence we can see that frequent§iation and hence will not be used for frequengy u

qguadrupling is achieved using the property of mathil
Here we can see that 1st order side band is tctafipressed
and power difference between carrier and 2nd siaeld are
around 14 db .Then after signal is launched into gimgle
mode fiber (SMF)of length 20km. After travelling wio the
length of 20km it has some attenuation and poltéoraa
issues. To compensate losses we use amplifier.

13

conversion of baseband signal.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.




Cost Effective Optical Millimeter Wave Generation or Radio Over Fiber System

S Pomp i Pamp 2 output of modulator IM2 is two peak signal sepaddtg 30
. } GHz (2f) and is OCS. This Pump signal is phase ddck
I il Lo Modulator IM2 is followed by phase modulator driveg
i 1o It 100MHz signal whose function is to broaden the spet
Oiginal oo Ty “t’f-.-u_r-wm-e and removing the stimulated brilloum scatteringeffPM is
Chaviiil o Cenvire I eae  then followed by IL which functions to enhance twerier
sigmal fz-.-], | Bl medium suppression function of pump source.
ol o %\ The output of IM1 travelled down 20km SMF is added
;:",..ffﬁﬂ_ output of IM2 using WDM coupler. The output of coermpis
=1 optieat passed to HNLF of length 1km.The HNLF is 1Km longro
s paperienver dispersion at wavelength of 1561nm has attenuatibn

0.4db/km. dispersion slope of 0.02ps/nm”2/km.Trexspm
after HNLF with a resolution of 0.02 nm is showrdve We

can see that after passing through HNLF up-congesignal

In Figure 1.4 we can see the signal and two puoyrees, is DSB , have 2 peaks each spaced 30GHz from thtzate
after passing through the HNLF, frequency conversakes peak is created using 7.5Gbps OOK signal the power
place and converted peak are spaced 4f after FWNIbF.  difference between the peaks of 30GHz converted FWM
Since the pumps sources are phase locked hendkeall signal and carrier is29 dbm .

converted peaks and signal are phase locked wsiteot to
each other. The converted signal include signabtanceaks
hence when the signal is removed the peaks wiltftapart

and are OCS. Hence we can see that we have geher: *
DSB-OCS signal. We can use interleaver or filtereimove
the signal.

Figure 11.4: Four wave mixing in highly non linear fiber

Powar (dBm}
50

Here we are more focused on OCS as it Higls
receiver sensitivity and negligible fading effect.

1
150 1544 1454 150 15556 15557 1 15558 0 1.5550 4y 1556 1.5561 u 15562
Wavelengih (m)

Block Diagram and working:
@_' Figure 11.6: Four wave mixing explanation
cht 75Gbit’s WOM coupler WOM coupler HNLF is then followed by WDM coupler and IL for
((. ] enhancing the suppression of carrier; at the eril o can
ch2 @ 20 km see that carrier is almost totally removed.IL isrttiollowed
: I o\r.8 by TOF with 3db b/w to select a channel. This pattr
signal is then photo detected and send furthersignal
i processing and BER estimation.
ch30 AWG 25/50GHz
15GHz 100MHz IL 3. Quadrupling without use of electrical filter:
EDFA FAGHZ PR As freq up-conversion above 40GHz is challengingnyn
¥ OH=] > /J@l|  work has be shown above and in past using LibNOB/Nar
ECL IM2 PM — ? N frequency up-conversion around 40GHz.however higher
50/100GHz IL 60GHz EA conversion require cascade modulation scheme which

increase the cost of the system, additionally etsadt

Figure 11.5: Block Diagram of mm wave generation sing component above 26GHz is costly compare to belo@2a

cascade external intensity modulation using highlypon in addition to these component electrical filter kem the
linear fiber system complex and costly.

We have used 30 WDM channel, these are generabted usJsing frequency tripling and quadrupling techniqusstical
DFB-LD from wavelength ranging from 1532.81nm tomillimeter-wave signals can be generated using
1555.88nm with channel spacing of 100GHz.all the 3®w-frequency RF components and equipment withsing
channels are added using AWG grating or is multiple electrical filter, which reduces the entire systemsts. Here
using 30X1 MUX and then is send to intensity mothria we have proposed the technique to use two parallel
IM1 is being driven by electrical signal at datater Mach-Zehnder Modulators to get frequency quadrgplin
7.5Gbps.This electrical signal is NRZ encoded andeswe addition to Radio over fiber techniques, simultareo
have used 30 channel hence date length of 23Inédded. transmission of wired and wireless signals for st
This electrical signal will act as On off Keyquad-play services (wireless, telephone, televisimd
(OOK).Modulated signal is then send down to 20kmglo internet) over the passive optical networks (PGi\jassible.
fiber to emulate the baseband signal. The proposed architecture supports both wireledswired

Another laser signal operating at 1561.32nm is tiseuleate services [17], [18].

the co-polarized pump signal. This laser signakisd to IM2  Principal used: Principal of Frequency Quadrupling without
which is being driven by RF signal source of fragme f
(15GHz).IM2 is biased at null point to realize OQBe
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Data signal

Figure 11.7: Use of electrical filter

As illustrated above Figure 11.7, In the Centraituve are
using array of DFB-LD as a source of laser, thaserisignals
are then modulated using NRZ encoded electricalasigt
1.5Gbps data rate. Then both signals are use te dhie
modulator. The Optical signal is then send fo
Up-conversion and all the channels are up-coadert
simultenously.MZM —b and MZM-c are parallel .Two MZ
-b and MZM-c are biased at max transmission pantofld
band suppression and the MZM-a is biased at nufitgor
carrier suppression.

RF signal fed to it is 90 degree phase shifteds. Rfi signal is
modulated by NRZ encoded electrical signal .Outuhese
MZM is DSB signal , whose 1st side band is supgeésand
2nd side band is spaced 2f0 from the carrier .Heside
bands are separated by 4f0 with each other andwesteve
attain frequency quadrupling.

For the carrier suppression output of one of MZML8&0
degree phase shifted and then added using powesiitem
The output of Coupler is DSB-OCS signal.

Assuming that the field of optical source is defiraes
Ein (t) = Eo casot)

Where,
Eo denotes the amplitude of the optical field, and
0 is the angular frequency of the optical carrier.
Electrical RF driving signals sent into MZ-b and Mare

Vb(t)=VmcospRFt)

And
Vc(t)=VmcoseRFt+90)

Respectively, whereyRF is the angular frequency of the
electrical driving signal.

The optical field at the output of the dual-paebl1ZM can
be expressed as

Eout(t)=-EQ_J4n-2(m)*[cos{(o+(4n-2)oRF)t}+
cos{(wo-(4n-2wRF)t}]
Where, the phase modulation index m i&¥m/2 Vz and

J4n-2 denotes the Bessel function of the first laficbrder
4n-2. Due to the properties of Bessel function, dlptical

to 31.09 dB forA
third-order sideband has different power for tweesa

nal Journabf Emerging Science and Engineering (IJESE)
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Eout(t)=-Eo[J2(m) cos{fo+20RF)t}+ J2(m)
cos{(wo-20RF)t}]

After square-law detection using a photo diodey ahie
electrical signal with a frequency four times thadt the
electrical driving signalpRF, will be detected.

Optical side band suppression ratio:

[1-coalzs

OSSR=10log [

[1-coal 74

It can be found from that the OSSR is identical both equal
/2 andA although the

Block diagram and working:

RFLO

0

Data signal
CW Laser :

%0

Figure 11.8: Block diagram of frequency quadrupling
without use of electrical filter

An array of CW laser is used as four channels frituency
193.1 THz to 193.4 THz. These signals are multipteand
modulated with a simple Mach-Zehnder Modulator-Avein
by RF signal which is NRZ encoded .The output of MZM
—A is power splitted using splitter and send to MBVand
MZM-C.MZM -b and MZM-c are parallel .Two MZM -b and
MZM-c are biased at max transmission point for ddahd
suppression and the MZM-a is biased at null panichrrier
suppression. MZM-B and MZM-C is also fed by RF sigat
frequency fO which is phase shifted by 90 degrée dutput
of MZM-B and MZM-C is DSB signal, this DSB signal 2f0
separated from carrier hence side band is 4f0 atgghfrom
each other. Here we have frequency quadrupling.

To attain OCS the output of one of MZM-B, C is 18fyree
phase shifted and added using power coupler. Ttgubaf
coupler is DSB-OCS signal. An extinction ratio dfdB is
used .Both the modulators MZM —B and MZM-C are bihs
at maximum transmission point in order to cancerewdd
sidebands. An EDFA amplifier is used to amplify gignal
and send it via optical fiber of 50 Km. The outjutetected

sidebands with the orders exceeding J2 can be €dnokiz pIN photodiode.

without generating considerable error. Therefdne, dutput
optical field can be simplified as

15

This photo detected signal is then BER analyzed.
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4. Millimeter-wave generation using frequency sextumlji characteristic of Bessel function, when the moduofaindex
using three parallel LiNb MZM: is small, the sixth-order sidebands are much lawan the

Many different approaches have been proposed tergn third-order sidebands. So the two third-order sihels can
high frequency mm-wave. In Ref. [19], two cascaiéehsity e used to generate sextupling mm wave signals.
modulators are used for frequency quadrupling.ef 0], \ve set m=1.795 (VRF=0.571%2.855). The frequency of
frequency sextupling mm-wave signal is generateti W0  the RF oscillator is 10 GHz. IA$2=120°, A$3=-120°,
cascaded intensity MZM. In Ref. [21], we propose agqc1=Vdc2=Vdc3=\t=5, and we choose the first zero point
octupling mm-wave generation scheme based on tWJ zeroth-order Bessel function as the working pdiigh
cascaded MZM. In Ref. [22], a new scheme to geeemat quajlity sextupling mm-wave will be generated. The
optical mm-wave with octupling of the local osdilavia @  gjimination of the sidebands is achieved by adjigsthe
nested MZM is proposed. driving voltage of the RF oscillator, the phasefediénce
Here in this scheme, we have used three parall@gtween the RF signals applied to the MZMs, andDRe
Mach-Zehnder Modulator to achieve frequency sekigpl Dias.

We have used 10 GHz frequency to get 60 GHz freqyuen _ )
using three parallel LiNb Mach-Zehnder Modulators. Block Diagram and working:

We are proposing this new technique to cope up thith *i*
increasing demand of bandwidth. e u

Optical

Principal used: frequency sextupling Powe:

Splitte;

Optical
Coupler

LD

Figure 11.9: Block diagram of mm wave generation usg

PE frequency sextupling using 3 parallel MZM
Figure 11.9: Principal of mm wave generation using Three MZMs are in parallel, and a RF signal is &gapto the
frequency sextupling three MZMs with different initial phases. The ligitaves

. . L centered atc emitted from the laser diode (LD) is divided
'Lhree mg\:s ar_ehm dpfz;\rallel, _ar_1c_i ? RhF S|gna!r|§ mbl' lothe 5 three equal parts by an optical power splgied injected
three S with different Initial phases. The lighave iy, the three MzMs respectively. The phase shift®duced
centered atc emitted from the laser diode (LD) is d|V|dedby PS2 and PS3 areb2 andA¢3, and the phase differences

into three equal parts by an optical power splaigdt injected between two arms of a MZM introduced by DC bias
into the three MZMs respectively. The phase shift®duced 2 Z\vnd¢3 \r/\(/aspectively wher¢i|=ancLian (i=y1 2 3I) e
by PS2 and PS3 arep2 andA¢3, and the phase differences ’ T
between two arms of a MZM introduced by DC biasd¢re V is the half-wave voltage of the MZM.

¢2 and¢3 respectively, wherei=nVdci/V (i=1, 2, 3). If the insertion loss of the MZM is neglected, atiw

V= is the half-wave voltage of the MZM. extinction ratio of the MZM is assumed to be in#nithe

If the insertion loss of the MZM is neglected, atf thput optical signal of the optical coupler canexpressed

extinction ratio of the MZM is assumed to be in#nithe

output optical signal of the optical coupler canexpressed E(t)=1/6EO0exp@ct){exp(jmsin@mt)) +

as exp(-jmsinmt)-j¢1)}+1/6EOexp(jpct){exp(jmsinmt+Adp
+ -jmsi + -

E(t)=1/6EOexp@ct){exp(jmsinmt))+exp(-msinmt)-jo1 2)) + exp(jmsinbmt+A¢2)-162)}

}+1/6EQexp(poct){exp(jmsin@mt+Ad2))+exp(- +1/6EOQexp(@ct){exp(jmsinmt+A$3)) +

jmsin(@mt+Ad2)-jd2)}+1/6EOexp(jpct){exp(jmsin@mt+Ad exp(-jmsinpmt+A$3)-jo3)}

3))+exp(jmsinbmt+A¢3)-93)} Where

Where, m is the RF modulation index defined ag, . L . R
m=nVRF/Vz, VRF andom are the amplitude and angularﬁ/I 's the RF modulation index defined as RV,

frequency of the RF signal, EO and are the amplitude and VRF andem are the amplitude and angular frequency of the
angular frequency of the optical signal, Jn (thssnth-order RF signal,

Bessel function of the first kind. EO andwc are the amplitude and angular frequency of the

We use modulation index to suppress the third ordeptical signal,

sidebands. If we do not suppress the third-orddebsinds, N i . "

and set Ap2=120°, Ap3=—120°, only two third-order Jn(-) is the nth-order Bessel function of thstfkind.

sidebands and two sixth-order sidebands exist. Dudie We use modulation index to suppress the third order
sidebands.
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If we do not suppress the third-order sidebandsl set The output of Interleaver is shown in Figure 1laB8d Figure
A$p2=120°,A$3=-120°, only two third-order sidebands andll.4.

two sixth-order sidebands exist. Due to the charatic of
Bessel function, when the modulation index is smidie
sixth-order sidebands are much lower than the -iidgdr

Figure 111.4 shows OCS signal, we can see that#réder is
suppressed in Figure 1l1.4.

sidebands. So the two third-order sidebands cansbd to = ~Carrier Signal at Interleaver Port 1
generate SeXtup|Ing mm wave Slgna|S We Set m:17 Dbl Click On Objects to open properties. Mowe Objects with Mouse Drag
10 GHz. ST
If Ap2=120°,A$3=-120°, Vdc1l=Vdc2=Vdc3=¥=5, and we
choose the first zero point of zeroth-order Befigsttion as ST
the working point high quality sextupling mm-wavdlvee E
generated. The elimination of the sidebands isexelti by |=_ |
adjusting the driving voltage of the RF oscillattire phase Em’
difference between the RF signals applied to théviglZand
the DC bias. ST
. RESULTSAND ANALYSIS = O 1 O W O A R
1) Based on External Intensity Modulation: 192ET TSR T equency gazy oo AT
Figure 111.1 shows the modulated signal and Figlite Power f Powsr X_} Power ¥ /
shows the modulated output. We can clearly see ttet Figure 111.3: Carrier Signal at Interleaver portl
carrier has a frequency of 193.1THz in figure LllAfter & OCs- DS Signal
belng modulated we can Clearly visualize the frmye Dbl Click On Objects to open properties. Mowve Objects with Mouse Drag
guadrupled signal in Figure 111.2.
= Laser Signal
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BER Analyzer =

H . H = =1
Figure 111.1: Laser signal E BER Analyzer sonitesfT 2]
g Dbl Click On Objects to open progerfies. Move Objects with Mouse Drag Auto et
@
= Modulator output ] e By B o3 ™ Show Eye Diagtam
Dbl Click On Objects to open properties. Move Objects with Mouse Drag \‘7\ — - ' Analysis ]
P i Max. Q Fastor| 503272 |
Min. BER 7.82222s-010
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2T Patiems. |
E b i Patiern 1 16012
% Pattern 2 1e-01
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Figure 1I1.5: BER analyzer

1928T 18287 183T 18317 19327 19337 18347 Figure 111.5 shows BER which is equal to 7.8222&-01
reguency {(Hz)

Power .'"'". Power X .}". Power ¥ l.-'r

Figure 111.2: Modulated signal

2) Based on Cascaded External Modulator and
Nonlinear Fiber
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Figure 111.6 shows the modulated signal of all 3taknels
ranging from the frequency range from 192.683 Tz t

195.583 THz, each channel having a difference 6iGIHz.
Figure 111.7 shows OCS signal, we can clearly des the
carrier is suppressed.

=

modulated signal
Dbl Click On Objects to open properties. Mowve Objects with Mouse Drag

-20

-40

Power (dBm)
£0

192 T 193 T 194 T 195 T

Freguency {(Hz)
Power ,-{' Power X ‘}\ Power Y lf

Figure 111.6: Modulated signal

196 T

= OCS signal
Dbl Click On Objects to open properties. Mowe Objects with Mouse Drag
| i
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=
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o
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Figure 111.7: OCS signal

= enhanched OCS signal

Dkl Click On Objects to open properties. Mowve Objects with Mouse Drag

=

coupled signal
Dkl Click On Objects to open properties. Mowe Objects with Mouse Drag

Power (dBm)
-50

192 T 193 T 194 T 195 T
Freguency (Hz)

Power ."{. Power X .}". Power ¥ l.-"

Figure 111.9: coupled signal

196 T

Figure 111.8 shows the enhanced OCS signal whiclthés

output of Interleaver. The coupled signal is shamkigure
1.9.

=

FWM signal
Left Button and Drag to Select Zoom Region. Press Control Key and Left

=

=

“
E
o
=
577
o
o

=1

Ly

e

=

192 T 193 T 194 T 195 T 196 T
Freguency {(Hz)

Power .-'{. Power X .}". Power Y l.-'r

Figure 111.10: FWM signal

Figure 111.10 shows four wave mixed signal which is

T T T T T T T T T T T T T T T T T T T generated in high|y nonlinear fiber, which can bersclearly
in Figure 111.11.
[
o = FWM signal
Left Button and Drag to Select Zoom Region. Press Control Key and Left
E =1
m
=
=R
g
=~ E
=
[ = =]
L § g
] ‘ ‘ L
1917 T 18187 1919T 1927 1924 7T 19227 19237 '
Frequency (Hz) 194 T 1941 T 1942 T 19437 19447 1945T
\'u Power f'{| Power X |}'\ Power ¥ |"lr \ Power Power X F'oweFrr:’rq“em e
Figure 111.8: Enhanced OCS signal Figure 111.11: FWM signal (shown clearly)
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= poloarised original signal
Left Button and Drag to Select Zoom Region. Press Control Key and Left
oL
o
[
«?
E
[7+]
BEaol
-g‘{‘
o
o
oL
1
e
<
193 T 194 T 195 T
Fregquency (Hz)
Power ."{. Power X }\' Power Y l.-"

Figure 111.12: polarised original signal

=] unpolarised converted signal
Left Button and Drag to Select Zoom Region. Press Control Key and Left

-0

Powar (dBm)

I

193 T 194 T 195 T
Frequency {(Hz)
\'\' Power I.-'-r.' Power X .}". Power l.-'r

Figure 111.13: unpolarised converted signal

The output of Interleaver can be seen in Figurd2lland
Figure 111.13. The unpolarised signal which is fomave
mixed signal can be seen in Figure I11.13.

Figure 111.14 shows the filtered signal which we gpon
using Bessel optical filter

= filtered signal_1
Left Button and Drag to Select Zoom Region. Press Control Key and Left
=4
k4
=
z
[
=1
o
1923 T 183 T 1931 T
Freguency (Hz)
Power Power X Power Y

Figure II1.14: filtered signal
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Figure 111.15: BER analyser
BER is shown in Figure IIl.15. The BER is 1.17241
which is satisfactory.

1) Based on dual-parallel Mach-Zehnder modulator

=] Modulated output
Dbl Click On Objects to open properties. Mowve Objects with Mouse Drag
o4
o
=0
=
E
m
=
=
g2t
i
o
=L
-«
—_
=4
1928 T 1931 T 1954 T 1937 T
Frequency (Hz)
Power l.-'-r\ FPower X .}'\ Power ¥ I.-'r

Figure 111.16: Modulated output

Since we have used four channels with frequenciraging
193.1 THz to 193.4 THz, they can be clearly vizzedi with

their respective power in Figure 111.16.
= LiNb Mach-Zehnder Modulator 1

Dbl Click On Objects to open properties. Mowe Objects with Mouse Drag

=1
=
E
S|
g
=
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=
=
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Figure 111.17: LiNb MZM 1 output
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= LiNb Mach-Zehnder Modulator 2 ol E
Dbl Click On Objects to open properties. Mowe Objects with Mouse Drag B
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BER can be seen in Figure Ill.21. The BER is about
Figure 111.18: LiNb MZM 2 output 2.31066e-010 which is satisfactory.

. 2) Based on three parallel Mach—Zehnder modulators
The ogtpu_t of both LiNb Mach-Zehnder quulators A& pe output of the three LiNb Mach-Zehnder Modulatare
shown in Figure 111.17 and Figure 111.18 respeclivéVe can

that it is DSB sianal with _ shown in Figure 111.22, Figure 111.23 and Figuré.24. The
s;e atitis stlzgna Vlv'd cartneri; combined output of these three LiNb Mach-Zehnder
ouplied ouitpu . . . . .
Dbl Click On Objects to open properties. Mowve Objects with Mouse Drag MOdUIatorS IS ShOWI’I Ir.] Flgure “|25 The Comblrm'det IS
frequency sextupled signal.
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Figure 111.19: Coupled output ey ()
Po Power X Power Y
= Received output wer A m‘er_ h Power ¥ /
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Figure 111.20: Received output Frequency (Hz)

Power ."{\ Power X .}'\ Power ¥ lfr

The frequency quadrupled signal can be seen i€ igiul9,
and it is DSB-OCS signal whereas Figure 111.20 shdie
received output.

Figure 111.23: Output of MZM 2
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=] LiNb Mach-Zehnder Modulator 3
Dbl Click On Objects to open properties. Mowve Objects with Mouse Drag
(RENH|
=4
%_-
E
m
=
ol
L
g
o
EI__
%_-

1925 T 19297 193T 1931 T 1932T 193353 T 193471
Freguency {(Hz)

Power .""". Power X :-'\.' Power ¥ l.-'r

Figure lll. 24: Output of MZM 3

= combined signal
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Figure lll. 25: Combined output
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Figure 1l1. 26: received output

21

ISSN: 2319-6378, Volume-3 Issue-9, July 2015

8ER Analyzer =

SignalIndex[0

At Sal

[ Show Eye Diagram

b =l
FEI BER Analyzer =l
D! Click On Objects to open properties. Move Objects with Mouse Drag

f signal

DIZ DI4 DF 0g 1I

T

o \

Analysis |

Max. Q Factor
Min. BER

Eye Height
Threshold
Decision Inst,

597207
1.161086-009
00007666 |
0.000823825
0.480465

T Invert Colors
I Color Grade
I -Palls

Pattems ]

log of BER
-5
5

Pattern 1
Pattern 2
Pattern 3
Pattern 4
Pattern 6

0 02 04 0§ 08 {
Time (bit period)
QFactor }, Min BER { Theshold ) Heght }, Berpattem [

Figure 1. 27: BER analyser

BER analyzer is shown in Figure 111.27. The BERalsout
1.16108e-009 which is satisfactory.

Comparison of all 4 proposed techniques:

1.Based on External Intensity Modulation VS Based on

Cascaded
2. External Modulator and Nonlinear Fiber

i. Signal power vs length :

comparsicn ofsigrl govedBm] & enghfm)
I I I

— Exteralrtencity Moduaen

2B  Cascated Exteral odult nd Nonlnear 1
Fiwr

signal power(dFm)
T
|

ngtm)
Figure lll. 28: Signal power vs length
We can clearly see that the received signal poweredses
sharply for External Intensity Modulator but in thase of
Cascaded External
decrease in very small. So in the terms of recesigdal

power and length we can see that Cascaded External

Modulator and Non-linear Fiber provides a bettdutson.
ii. Log(BER) vs Length :
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comparision o° cg(EER) vs lengtkm)
I I I

comparision of sigrel power(d3m| vs [ngh(km]
T T

— Daal-parallel Meck-Zander madu ators
— Three pxalel Mach-Zefreer modlalers

log(BER)

— External Intersity Moduzton

_ Cascadad Exterrel Modulatcr and Honlingar
Fioer

T
|
anal powsr(dBm)

lengthikm)

Figure lIl. 29: Log (BER) vs length e
As we can see that External Intensity Modulatomghbigher Figure 1l1. 31: signal power vs length
BER increment compared to Cascaded External MaalulatWe can clearly see that signal power decreases rapialy
and Non-linear Fiber, we can consider Cascadedrfiadte in case of on dual-parallel Mach-Zehnder moduldabtan

Modulator and Non-linear Fiber as a better solution three parallel Mach—Zehnder modulators. For theadee of
iii. -log(BER) vs received power : 50Kms we can see that received power dual-parallel
Mach-Zehnder modulator is less compared to threallph
R R Mach—Zehnder modulators.

ii. Log (BER) vs Length:

- i compais on cflog(ZES) vs length km)

-loatBER)

— Extemal ntensity Modulation

__ Cescadsd External Nedula:or and Noninear
- Fiber 1

T
T e——
L

log(BER)

=)
T
L

- 1 / / — Duchparalle! Macn-Zemcer modaters
/ / — e parallel Mach-Zehnder modk ato's
’

5// ]
i- | | | | . /
48 Rk U4 RIL) 3% /
received poveer{dBm)
Figure IlI. 30: -log (BER) vs received power i I
We can see that to get same BER External Intensi W i ; vf‘n : :
Modulator requires more received power compared _ s
Cascaded External Modulator and Non-linear Fiber F Figure 1l. 32: log (BER) vs length

example in order to get a BER of about 10710, using
Cascaded External Modulator and Non-linear Fibeait be We can see that for a distance of 50 Km the BER for
achieved at power level of -35dBm but it requirescm dual-parallel Mach-Zehnder modulators is more camghao
higher received power for External Intensity Modata that of three parallel Mach-Zehnder modulators.

So technique based on three parallel Mach-Zehnder
So, in this case Cascaded External Modulator antiear Modulators provide a better solution in this cas@mared to
Fiber provides a better solution. technique based on dual-parallel Mach-Zehnder natad.

iil. -log (BER) vs received power:

3. Based on dual-parallel Mach-Zehnder modulator VS
Based on three
4. parallel Mach—Zehnder modulators

i. Signal power vs length:
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comparsio cf 03(ZER) s teceved pove(dB)
X T

— Duel-paralel Mech-Zearder moculators.

— Thee paralsl Mech-Zehnder modlazors

E] E]
tecend pover{2Bm)

Figure lll. 33: -log (BER) vs received power

We can clearly see that in order to achieve a BER)6-10,
we require more received power for
Mach-Zehnder
Mach—Zehnder modulators. So, a lower BER can bieaeti
at lower received power for three parallel Mach—+dr
modulators in comparison with dual-parallel MachkZ@er
modulators

IV. CONCLUSION

Looking at the results obtained by the simulatibdifierent
architectures and comparing the results for Radar &iber
System, we can see that there
implementation of these architectures in a realdv&eenario.
The BER obtained are much better than a simple or&tw
architecture and it goes to show how these newtgquhs can
be a superior substitute for the existing systemstwort
distances and only one channel where no polarizasisue
can occur we can go for the technique based onrialte
Intensity Modulation but in current scenario we &awore
number of users and more demands for various nideds
text, data, video, voice, pictures, etc. So thei# be
polarization issue at the receiver in order toiegt the
signal, the technique based on Cascaded Externdulslior
and Nonlinear Fiber provides a better solution $tiort
distances in the range of 20Kms. When we deal iwitly

dual-paralley
modulators compared to three parallel

is valid scope fos
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External Modulator and Nonlinear Fiber does not htee
requirement and so in order to meet our demanesatBER
we go for the technique based on dual-parallel Masitnder
modulators. This technique provides us a satisfacolution
for long haul transmission.
dual-parallel Mach-Zehnder modulators is quite \aelil cost
effective, but in order to meet the demands of &igh
bandwidth we need to go for frequency sextuplind so a
promising solution is provided by using the teclueidased
on three parallel Mach—Zehnder modulators. Thifriggie
provides satisfactory solution for long haul trafssion and
has a low BER and high received signal power.
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