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Abstract
Carrier to Noise Ratio (CNR) has been investigdtedradio over
fiber systems including the effects of variationtliie RF oscillator
linewidth in this paper. Optical Single sidebanghsil is studied as it
has tolerance for power degradation due to dispersifects over a
length of fiber. Investigations have been made fart Radio
frequency of 30 GHz, with a continuous wave (C\Welasource of

1550 nm. CNR has been evaluated using Power Spectra

Density(PSD) function.CNR is studied varying RF cibbator
linewidth and RF oscillator linewidth for 2 Km fibavith chromatic
dispersion D=17 ps/Km nm.
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Introduction

For satisfying the increasing capacity and datae rat
subscribers, wideband communication systems aressaty
in both wired and wireless link. A Radio over fib@RoF)
system is one of the most attractive systems fduréu
broadband wireless communication having a high dat&at
a microwave or millimeter wave frequency band beeaof
the advantages of an optical fiber including thew-lo
transmission loss and ultra wide bandwidth [1]. Tléume
of data traffic is ever increasing due to the dednanf
subscribers for voice, data, and multimedia sesviteat
require the access network to support high datsrat any
time and in any place inexpensively. Generally, Rggtems
transmit an optically modulated radio frequency XRknal
from a central station (CS) to a base station (Bi8)an
optical fiber. The RF signal recovered using a pladtector
(PD) at the BS arrives at a mobile station (MShtigh a
wireless channel as shown in Fig. 1.This architecfuovides
a cost-effective system since any RF oscillatgrasrequired
at the BS. However, the performance of RoF systepends
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on the method used to generate the optically moei|&F
signal, power degradation due to fiber chromat&peision,
nonlinearity due to an optical power level, and gghaocises
from a laser and an RF oscillator. Therefore,it basn a
matter of concern and interest to investigate patara that
degrade the performance of RoF system.

Optical Link Radio Link
=
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RF/Optical Transceivers

Fig. 1 Optical Link in Radio over Fiber System

Single sideband (SSB) modulation scheme is antefeeway
to eliminate the dispersion effects in RoF systéhe power
degradation due to fiber dispersion can be overcdiye
employing an optical single sideband modulation esoh
[2].The nonlinear effect of an optical fiber canrhanaged by
the modulation format and control of a launchedioapt
power [3] [4].Unlike those parameters, a phaseen@®ne of
practical and decisive factors in high quality $egg which
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require high carrier to noise ratio (CNR) becausesult in
the bit error rate (BER) floor at high carrier toise ratio
(CNR) values [5].This phenomenon is serious to Rggtems
because the purpose of RoF systems is to provigle deta
rate and high quality service requiring a largeiearto noise
ratio. Thus the system performance can be muchtsenwo
the phase noise in such services.
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Fig. 2 Radio over Fiber system using an OSSB modtian and direct
detection scheme

Here, we investigate the CNR penalty due to fibeomatic
dispersion and phase noises due to laser line wisithg an
Optical Single Side Band (OSSB) signal and a direct
detection scheme. For the analysis of the Cami@otse ratio
penalty, the autocorrelation and the power spedealsity
function of a received photocurrent are evaluatétie
bandwidth of an electrical filter is dealt in théNR penalty
since the phase noises result in an increase ofetpaired
bandwidth and the increased bandwidth causes aiticedd
Carrier to noise ratio penalty. It is shown tha gfhase noise
due to the laser line width is the dominant paramét a
large optical distance.

RoF System Based on Optical Single Side Band
& Direct Detection

An Optical Single Side Band (OSSB) signal is getestdy
using Dual electrode mach zehender modulator (MZN) a
phase shifter. An RF signal from an oscillator pditsby a
power splitter and a 90phase shifter. This RF signal is
optically modulated by the Laser Diode (LD) with KIZM.
The optically modulated signal is transmitted te fAD and
the photocurrent corresponding to the transmittEdsignal is
extracted by the BPF as in Fig. 2. First, the @btgignals
from the optical source, laser diode and the RHlaswr are
modeled as:
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X, (t) = A'.expj f,t + @, ¢)) (1.1)
X (1) =V,.cospyt +@, ¢)) (1.2

Where A” and V, define amplitudes from the optical source
and the RF oscillator signakyy and w, define angular
frequencies of the signals from the LD and the REéillator,

and @4(t) and @,(t) are phase-noise processes. The OSSB
signal generated using Dual electrode MZM is madiete
equation (3).

Jo(mz:aqoj[vw% (ﬁﬂ-f 2, i

expj [ wit +®, €+, ¢

EODOA Ly,

(1.3)
After the transmission of signal over L km fibelngetsignal
can be represented as equation (4) & in this eguatiyy
denotes an additional loss in the optical litge, is the
SSMF loss,Lsper is the transmission distance of the SSMF,
and 70 and ¢+ define group delays for a center angular
frequency ofwy and an upper sideband frequencysgf+ wo.
91 andg?2 are phase-shift parameters for specific frequsnci
due to the fiber chromatic dispersion.
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(1.4)

To evaluate the CNR, we utilize the autocorrelafimmction
and the PSD of the photocurrent.

. 2

i(t) On|Eg(L,t)] (1.5)
Where/) defines the responsivity of the PD and| |?is the
square-law detection.
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(1.6)
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_~23,(an)

1
Jo(an)
The autocorrelation functidR (z) is obtained as
R, (7) = (i(t).i(t+7)) 1.7)
Now we will evaluate PSD function which is Fourieansform
of R (2)

S,(f) =F(Ry(1))

and B=1+a;

(1.8)

Where

S(f)=R(7) | R(r)dr*exp(-jrw) (1.9)

In equation (9), the first term represents a dc poment, the
second and third is the broadening effects dueh#ofiber

chromatic dispersion and the line widths of thestaand the
RF oscillator. the second term was only a carreemoise

penalty due to the fiber chromatic dispersion.Noke t
received RF carrier Power P1 is approximately regmeed as
follows

B

f+0

2
R=2 [ s(f)df

-2
By using (9), received RF carrier power as

7T.B,

)

(1.12)
The CNR induced by the differential delay from tfiger
chromatic dispersion and the line widths from thsel and

(1.10)

2 pd4,.,2
P, Dwexp(— 27 || )taﬁl(
T

the RF oscillator is found
CNR = Car.rlerPower (1.12)
NoisePower
CNR DLN
ZBO.(oj
2
2 pd4 2
J.pexpt T
NO.[Y‘)Jtan[ pexpt 21| DJ
V4 2
(1.13)
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Where 5 = responsivity, ﬁlf: constant related to the laser
light amplitude A and the losses in fibre , MZMdatihe joint

V2jlem)

and splices given by, = J= Bessel function of*1kind

,of order n and &, =normalized RF voltage given by
_

V= Where AS is the amplitude of laser liglityz, is the
lose in the MZM L is the factor accounting for the additional
loss in the fibergy;,, is the loss in the fiber andy,, is the
length of fibery;, is the input RF voltage arid is the MZM
switching voltage, p is the ratio of the power riegad for a
particular filter used to the total carrier powérid parameter
incorporates the effect of the bandwidth of theefilbeing
used.AndlV, is the additive white Gaussian noise power splectra
density. The parameter®,, = 2gppp and 2., =
define the angular full-linewidth at half maximum{ M)of
the Lorentzian shape for the laser and the RFlatwmilAnd 2,
= 2oypt TAVRF gives the total linewidthh=t=7t % 7, is
the differential delay due to the fiber chromatispetrsion and is

2 Jor
. T =D Leper AW : . :
given by ! ¢ Where D is the fiber chromatic
dispersion parameteL;;.. is the fiber lengtlf;z is the RF
frequency and c is the speed of light.

oy

Result and Discussion

CNR is evaluated and resulting values are simulaiestudy
and realize the importance RF oscillator linewidth CNR
which can be seen from the resulting plot. .Theafbf the
RF oscillator linewidth on the CNR of the systensl®wn in
the figure 3. Here, CNR is plotted against the B§cillator
linewidth for three different values of laser linédth viz.
100MHz, 250MHz and 500MHZThe first parameter is the
photodiode responsivi#y. For most of the photo diodes its
values is between 0.3 to 0.8. Taking the value cdsR0.4
[11]. Now the second constant is A1 which in tenpetel
upon other parameters given as
_Efiherlfiher

Ay = ALy L q:.10 20

= Vrffvn

Here LMZM is the loss of the DE- MZM. Now considagi
the MZM as a integrated waveguide power splitted an
combiner, its value can be assumed to be negligitatéch is
true for small lengths of the waveguide).Ladd is éldditional
loss caused by the fiber components such as tlmspjoints
etc.lts value for a 2 Km fiber link can be taken as
approximately 3 dBufiber is the loss per Km of the fiber and
is around .2dB/Km for SSMF. Lfiber is the lengthtbé fiber

J, (am)
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and is equal to 10 Km for this caseis the modulation index
of the MZM and is equal ta=Vrf/Vz Now taking Vrf=1mV
and Vit=2.2V, we obtaimi=.00045 then the modulation index
is given as on=0.0014. It gives J@fr) equal to 1
approximately. From above all, the value of Al d@dcalated
as 0.1342. NO is the power spectral density ofAWWGN for

very low noise case, it can be taken E8™ . Now al
depends upon the first harmonic of the photo detemtd the
fundamental component. So the valuebfis 0.001. Thus all

CNR vs. RF osc linewidth
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Fig. 3 CNR in dB vs. RF oscillatdmewidth

the constants terms are evaluated, then CNR isiestud
including the effects of the RF oscillator line WidWhen we
vary the plot for different values of laser osdiblalinewidth
which are taken 100 MHz, 250 MHz and 500 MHz vioizd
are very minute showing the system to be less dkpgron
RF oscillator linewidth for long haul communicatio

Conclusion

CNR has been investigated due to the variatiorhen tRF
oscillator linewidth Here a direct detection fa@ost
effectiveness has been used. It is evident that GhER
decreases as the linewidth of the RF oscillatorgases.
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