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Abstract
Carrier to Noise Ratio (CNR) has been investigdtedradio over
fiber systems including the effects of variatiortlie laser linewidth
and RF oscillator linewidth in this paper. Opti&ihgle sideband
signal is studied as it has tolerance for powenratiggion due to
dispersion effects over a length of fiber. Investigns have been
made out for Radio frequency of 30 GHz, with a cardus wave
(CW) laser source of 1550 nm. CNR has been evalustimg Power
Spectral Density(PSD) function.CNR is studied wagyilaser
linewidth and RF oscillator linewidth for 2 Km fibavith chromatic
dispersion D=17 ps/Km nm.
Key words: RoF, CNR, MZM, OSSB, Power degradation.

I ntroduction

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
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(PD) at the BS arrives at a mobile station (MSptigh a
wireless channel as shown in Fig. 1.This architecfuovides
a cost-effective system since any RF oscillaterasrequired
at the BS. However, the performance of RoF systgpends
on the method used to generate the optically moeid|&F
signal, power degradation due to fiber chromatipelision,
nonlinearity due to an optical power level, and gghaoises
from a laser and an RF oscillator. Therefore,it bagn a
matter of concern and interest to investigate patara that
degrade the performance of RoF system.
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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
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degradation due to fiber dispersion can be overcdipe
employing an optical single sideband modulationesoh
[2].The nonlinear effect of an optical fiber canrhanaged by
the modulation format and control of a launchedioabt
power [3] [4].Unlike those parameters, a phaseen@®ne of
practical and decisive factors in high quality $egg which
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 Bggtems
because the purpose of RoF systems is to provigle deta
rate and high quality service requiring a largeieatto noise
ratio. Thus the system performance can be muchtsento

the phase noise in such services.
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Fig. 2 Radio over Fiber system using an OSSB modulation and direct
detection scheme

Here, we investigate the CNR penalty due to fibleomatic
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 spedeasity
function of a received photocurrent are evaluatéte
bandwidth of an electrical filter is dealt in théNR penalty
since the phase noises result in an increase ofettpaired
bandwidth and the increased bandwidth causes aiticendd
Carrier to noise ratio penalty. It is shown tha ffhase noise
due to the laser line width is the dominant par@mat 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 (MANY a
phase shifter. An RF signal from an oscillator jditsby a
power splitter and a 90phase shifter. This RF signal is
optically modulated by the Laser Diode (LD) with KIZM.
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The optically modulated signal is transmitted te D and
the photocurrent corresponding to the transmittEdsignal is
extracted by the BPF as in Fig. 2. First, the @ptgignals
from the optical source, laser diode and the RHlasw are
modeled as:

Xy (t) = A’.expj yt + @, ¢)) (1.1)
X, (1) =V,.cosft + @, ) (1.2)

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

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

J(anyexpj [vxgtﬂbd oﬂ—f 2, @t

expj[wt +®, (+wt+d, €]

E-ONOA L,

(1.3)
After the transmission of signal over L km fibengtsignal
can be represented as equation (4) & in this egudtigy
denotes an additional loss in the optical limge, 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.
91l andg?2 are phase-shift parameters for specific frequesnci
due to the fiber chromatic dispersion.
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To evaluate the CNR, we utilize the autocorrelafimmction
and the PSD of the photocurrent.

. 2
i(t) On|Eg(L,t)] (1.5)
Where 7} defines the responsivity of the PD and | .|2
is the square-law detection.
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Where Ai =A .LNZ\,,.Ldﬂ.lO 20 Jo @’7‘[)
a = \EJl(mr)
=
Jy(am)
The autocorrelation function R, (1) is obtained as
R, (7) = {i(t).i(t+7)) 1.7)
Now we will evaluate PSD function which is Fourier
transform of R, (7)

S,(f)=F(Ry(1)) (1.8)

and B=1+a?

Where

S(f)=R(r) | R(n)dr*exp(-jw)  (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
Y
° 2

By using (9), received RF carrier power P, as

2 ad4 ., 2
a L[ 7B
P, Dmexp(— 2Y,|r| ) tan® 0
T 2Y,
(1.11)
The CNR induced by the differential delay from the fiber
chromatic dispersion and the line widths from the laser

(1.10)

170

and the RF oscillator is found
CNR = Car-rlerPower (1.12)
NoisePower
CNR DLN
zso.(oj
2
2 pad4 2
a
J.pexp T
N,.| —2 |ta PEXpL A,
V4 2
(1.13)
Where 1 = responsivity, ﬁlf: constant related to the

laser light amplitude A and the losses in fibre , MZM and

V2plem)

the joint and splices given by ;= J= Bessel

function of 1* kind ,of order n and &, =normalized RF
Vs
. @y = 7, . .
voltage given by V. Where Af is the amplitude of
laser light,L;sz is the lose in the MZM, L.z is the factor
accounting for the additional loss in the fiber, gy, is the
loss in the fiber and Ly, is the length of fiber. V¢ is the

input RF voltage and ¥ is the MZM switching voltage, p is
the ratio of the power required for a particular filter used to
the total carrier power.This parameter incorporates the
effect of the bandwidth of the filter being used.And N, is
the additive white Gaussian noise power spectral density.
The parameters 2, .= 2 4y and 2. = 2 4pge, define
the angular full-linewidth at half maximum(FWHM)of the
Lorentzian shape for the laser and the RF oscillator.And
2 = 2 oaript TAVRF gives the total
linewidth.t = T = T £ 7, is the differential delay due to the
fiber chromatic} dispersion and is given
by ¢ Where D is the fiber chromatic
dispersion parameter, Lg,.. is the fiber length,f- is the

RF frequency and c is the speed of light.

T=0D. I‘f[i}'?i’ .‘1:'

Result and Discussion

CNR is evaluated and resulting values are simulaiestudy
and realize the importance of laser diode linewidtld RF
oscillator linewidth on CNR which can be seen frdne
resulting plots. .The effect of the laser linewidth the CNR
of the system is shown in the figure 3. Here, CNRlbtted
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against the laser linewidth for three differentued of RF
oscillator line width viz. .8Hz, 1Hz and 1.2 Hz. &tiirst
parameter is the photodiode responsiRity-or most of the
photo diodes its values is between 0.3 to 0.8.MAgkie value
of R as 0.7 [11]. Now the second constant is AlcWhin tem
depend upon other parameters given as
_ﬂffiher;—'fiher

Ay = ALyzp L g 10 20 J, ()

= rf-fvn
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 negligiatech is
true for small lengths of the waveguide).Ladd is &dditional
loss caused by the fiber components such as tlmspjoints

etc.lts value for a 2 Km fiber link can be taken as

approximately 3 dBefiber is the loss per Km of the fiber and
is around .2dB/Km for SSMF. Lfiber is the lengthtbé fiber
and is equal to 10 Km for this caseis the modulation index
of the MZM and is equal ta=Vrf/Vx Now taking Vrf=1mV
and Wi=2.2V, we obtairu=.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 B8 ™**. Now al
depends upon the first harmonic of the photo detemtd the
fundamental component. So the valuebfis 0.001. Thus all

CNR \s. Laser linewidth

15

I I l l l
| | | |
| | | |
| | | |
|
|
"
[
= 13
© | | | —
3 | | | | —*— RF osc linewidth=.8 Hz
ST o L || —%— RF osc linewidth=1 Hz
= I I I ©— RF osc linewidth=1.2 Hz
@ | | |
H—0 | | | | |
- A I ) N G i ___
S | [ W ’*JQ |
| | | IV — 1
g | | | | \<>
| | | | |
2 10F---- AT [ T [ T
S | | | | |
GO— 7\{7} | | | |
[ 5 I | |
9 - - -—— 4 - === \:}———’?’4’@ ————— In————+-=-—-=--
| | | e B
| | | | |
| | | | |
8 1 1 1 1 1
0 1 2 3 4 5 6
Laser linewidth

Fig.3 CNR in dB vs. laser linewidth
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CNR vs. RF osc linewidth
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Fig. 4 CNR in dB vs. RF oscillator linewidth
the constants terms are evaluated, then CNR isiestud
including the effects of the laser and RF osciliditee width.
In the second result, CNR is plotted againRF oscillator
linewidth and for its better analysis all the vausave been
the same except responsivity whose value is takeAs the
result, in Fig. 3, CNR decreases as laser lindwidtcomes
large since the increment of the laser linewidthagtes the
effect of dispersion induced noise. Thus, the ldisewidth
should be maintained to an optimum level to mitg#te
effects of dispersion. So as a result In Fig. MRQlecreases
as we increase the RF oscillator linewidth duentwément in
the dispersion induced effects, but when we vaeyplot for
different values of laser linewidth which are taked0 MHz,
250 MHz and 500 MHz variations are very minute simgw
the system to be less dependent on RF oscillatewidth as
compared to the laser line width.

Conclusion

CNR has been investigated due to the variatiorhénlaser
and RF oscillator linewidth separately. Here adidetection
for cost effectiveness has been used. It is evideat the
CNR decreases as the linewidth of the laser diodk RF
oscillator increases. It has been observed that sfoall
distance communication the decrement in the CNR tdue
increase in RF oscillator linewidth is more as caregd to
laser linewidth increment. Hence RF oscillator ghawise
dominates laser phase noise for small haul comratiait
So, for small distance communication RF oscillditoewidth
must be carefully chosen.
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