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Introduction

Today's modern Hybrid fiber-coaxia (HFC)
communication systems have the advantages of great
transmission capacity, high speed and high transmission
quality and so on.

Lately lots of attention is attracted to the transmission
of conventional analog AM-VSB signals subcarrier-
multiplexed (SCM) with the digital (MPEG) signals such
as M-QAM over an optical fiber. The advantage of the use
of digital signals is that they are more spectrally efficient
and stronger than the analog signals to noise, interference
and nonlinearity. For the AM-VSB/M-QAM HFC/CATV
transmission, however the QAM signals may suffer
significant performance degradation due to occasionally
laser diode “clipping” [1, 2]. It is find in a multichannel
system when a laser outputs nearly zero power as the input
signal current to the laser drives below the laser threshold
current Iy, (Fig.1), [2].

However, power-dependent self-phase modulation
(SFM) in intensity-modulated systems causes frequency
chirp, which in combination with fiber dispersion
generates nonlinear distortions.
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Fig. 1. W-A characteristic of laser diode

Despite the comparatively small optical fiber
attenuation, in the optical link there is a presence of big
losses from the ineffective transforming of the electrical
power into an optical and vice versa. The typical losses
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from the double transforming in an optical link with direct
laser intensity modulation are in the order of 20+ 50 dB,
and for alink with external laser modulating — from 30 dB
to 60 dB. Those losses indicate even the small efficiency of
light’s tricking in the optical fiber, as well mismatching of
electronical and optical components of the link [3]. The
losses in optical link have an influence to the C/N ratio in
the link output. Supporting of C/N ratio in the necessary
borders, in accordance with the European standard
CENELEC, requires special attention at designing of
wideband cable communication systems such as
HFC/CATV networks.

Moreover the coaxial part causes thermal noise, non-
linear distortions, micro reflections and manmade noise.
Micro reflections resulting from impedance mismatch or
amplifier return loss have also been identified as a new
factor impairing the digital channel, mainly in the coaxial
part. These micro reflections sometime severely influence
the C/N ratio of the M-QAM signals, but an adaptive
equalizer offers a promising solution for such digital
channel deterioration.

Noise sour ces

Noise sources in the optical link are connected to its
optical devices, as well as the optica fiber itself.
Distinguished are the following types of noises: relative
intensity noise of the laser (RIN); shot noise of the
photodiode; thermal noise of the receiver; interferometric
intensity noise (IIN) and optical amplifiers’ noise. The
laser RIN and the noise, made from the optical amplifiers,
are due to a spontaneous emission of photons, raising a ge-
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Fig. 2. Frequency spectrum of HFC/CATV system with a pointer
laser “clipping” influence
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neration of incoherent light. Shot noise of the receiver also
has a quantum origin, while its therma noise is raised
mostly form the main amplifiers, used for amplifying of
detected RF signal to the necessary level. Interferometrical
intensity noise in the optical fiber is a result of it's loses,
Rayleigh scattering of the light and of the functions of
optical wave'slength, provoked from laser chirp [3].

Level of the general noise in the link’s output depends
of different factors, most important of which are: the used
optical devices' parameters and their regime of working;
also attenuation and reflection in the fiber; the temperature;
the type of transmitter signals (analog and digital), their
modulations and others. Usually the expressions, by which
are defined the dependences of the noise componentsin an
optical link, do not report on the full influence of the
different factors and in many cases are nor useful for an
engineer applications [1, 2]. Besides, at designing of the
optical link are used a parameters, which requires together
reading of the noises with Gaussian distribution and noises
from clipping, caused by AM-V SB channels (Fig.2) — with
apointer.

Therefore in the present paper is suggested more
accurate and in the same time easy applicable noise model
of the optical link when designing of the systems.

Analysis of the carrier-to-noiseratio (C/N)

At the HFC networks with jointly transmitting of
AM-VSB and M-QAM channels, in the laser diode arise a
“clipping” of SCM signal, when (Fig.1):

Impulse noise (inherent for the frequency multiplexed
signals) cause an output power drop P(t) of the laser
diode around zero;

Input operating current of the laser diode is lower from
the bias current Iy, defining its operating point.

Thus at amplitudes of the analog AM-VSB signals,
exceeding the value (I, - ly,), is received a restriction of the
signal. As aresult of that the system becomes more noise
unstable and the bit-error-rate increases.

For the carrier-to-noise (Gaussian) ratio can be
written the fallowing expression [4]:

C/N, =TP, /o2, ()
here P, == 2( P)2—1 2F? — th
where av—zmqsao —qu — the average

received signal power in each M-QAM channel; m, — opti-
cal modulation index for M-QAM signal; s — sensitivity of
the photodetector; a - lossesin the optical fiber and F isthe
efficiency of the receive-transmitting link or photodetector
current [4, 5]. T = 1/B is the M-QAM symbol duration and
B is the photoreceiver's bandwidth, respectively the
bandwidth of the QAM channel.

The power spectrum density of the input Gaussian
noise ny(t) is calculated by

2

08 =RINF2+20F +i3,
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where q — the electron charge (1,602 x10™ C); i, — ther-
mal current of the optical receiver;
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For the power spectrum density of the “clipping”
noise (impulsive noise) ni(t) is carried out the following
expression

02 =24x10""N2Z, /N, m3, F Zexp[— 1 5

] » (9
N
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where Nay — the number of AM-V SB channels; myy — the
AM-V SB optical modulation index.

For the carrier-to-noise ratio, indicating the Gaussian
noise (RIN, shot and the thermal) and the impulsive noise
(from clipping) in according to the analytical noise model
(Fig.3) iswork out an equation:
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In the engineering practice is more useful to be
operated with logaritmic units (dB), because calculation of
the values of carrier-to-noise ratio comes to an adding
or/and odding. Then expression (4) can be written like this:
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C/N[dB]=10Ig (5)

Defining of the carrier-to-noise ratio for every noise
sour ce and for the system as one

At a designing of the optical HFC network link a big
problem comes to be the defining of noise power, which
must be reduced for reaching settled (CENELEC) minimal
CIN ratio. That requires to be used such a mathematical
model of the link, which indicates not only its general noise
characteristics (equations (4) and (5)), but also the noise
levels of different noise sources, respective carrier-to-noise
ratio for every one of them. Composing such model we are
using average values for the powers digoined on the load
of optical receiver at traveling through of the detecting
photocurrent and different noise sources currents.
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Fig. 3. Andlitical noise model of M-QAM system receiving part

The expressions for those powers are shown in an
applicable for the engineering practice form, as in the same
time they guarantee enough accuracy at the process
describing.

a) Carrier-to-relative intensity noise of laser ratio
(C/NRIN)

C/ Ngy[dB] =20igm, ~10IgB— RIN-3. (6)



b) Carrier-to-shot noise ratio (C/Ng,)

C/Ng[dB] = 20lgm, ~10IgB+10IgF +182.  (7)

¢) Carrier-to-thermal noiseratio (C/N,)
C/Nqp,[dB] = 20lgm, —10IgB + 20IgF —20lgi, —3.(8)

d) Carrier-to-impulsive noiseratio (C/N;)
C/N;[dB] =20Igm, —10IgB - 25IgN 5y —

4,34
—501gmy,, +N72+103,19. 9)
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According to equations (6) to (9) for the carrier-to-
noise ratio (C/N) of the full system can be written the
following formula

—C/NRIN

C/N[dg =-10 5{10 0

~C/Ng ~C/Nrh —C/IN

+10 © 410 © 410 © |(10)

Studying the C/N ratio for every noise source

Upper brought out equations for C/N alows us to
investigate the influence of different noises in optical link.
That was made for different values of the DFB-laser diode,
photodiode, optical fiber parameters and OMI of the
transmitted signals. The results are shown on Fig. 4, Fig. 5,
Fig. 6 and Fig. 7. Some of those parameters when
increasing of their values improve the respective carrier-to-
noise ratio. Such are F and m,. Other as RIN, i, and may
aggravate the respective C/N.
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Fig. 5. The graphical dependence of C/Ng, = func (my, F)
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Fig. 6. The graphical dependence of C/Ny, = func (my, i)

c/N;,dB

Fig. 7. The graphical dependence of C/N; =func (mg, maw)

Studying the C/N ratio depending on the transmitting
AM-VSB channels number and the modulation index

Up composite mathematical model of the optical
system (5) is used of illustrations visual aids of its noise-
stability variation at given parameters of the optical
transmitter, optical receiver and the single mode optical
fiber. The graphical dependence (Fig. 8) is shown in the
3D gspace, as the carrier-to-noise ratio is studied in
dependence of the transmitted AM-V SB channels number
and their modulation index may = (4+12) %. Digital
signals are MPEG and are modulated with a quadrature
amplitude modulation (QAM), which modulation index is
my=1%. The other parameters of the optical link are:

RIN = -150dB/Hz i,=24x 10 A/\VHz ; F = 0,69 mA;
Naw< 50; B=8 MHz, M = 16; f,, = 47 MHZ, f = 470 MHz
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Fig. 8. The graphical dependence of C/N=func(N, may)



Conclusion e My iS< 7% at variance of Nay to 50;

e My iS> 7%, but Nay is changing to 15. At a big values
of RF channels number (Naw = 40+50) is necessary my
to be increasing as getting val ues upon 2%.

Presented mathematical models of the optical link of
HFC network (eguations (5) and (10)) give the opportunity
to be defined its noise-stability in dependence of the
building elements parameters, transmitted channels
number and the modulation depth. At a joint transmitting
of anadog (AM-VSB) and digital (M-QAM) signals asa 1. Tarn C. W., Shin H. B. Theoretical analysis of a hybrid
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(QAM) over an optical fiber is analyzed. Up to the 450-500 MHz is spectrum for AM-V SB signals, while for M-QAM signals he is up
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IpencraBneno ncciaenoBaHue IIYMOYCTOHIMBOCTH ONTHYECKOTO KaHaIa THOPUIHON BOJIOKOHHO-ONTHYECKON CeTH. AHAIH3UPYyeTCs
BIMsiHAE aHanoroBeix AM-VSB curnanos Ha uudpossie currans (M-QAM). Crektp AM-VSB cHrHanoB pacroioXeH B AHana3oHe
450-500 MHz, a M-QAM curnanoB — go 862-1000 MHz. B stux cersix i COBMECTHOH MNepedayd CUTHAJIOB HCIIOJIb3YeTCs
MOHECYIIee MYNTHIUIEKCHPOBAaHHUE, P KOTOPOM B Jaszepe MoiydaeTcs “KIMNNUHT”. BeneacTBue 3TOro 3HaUMTENbHO MOHHMMKAETCS
OTHOIICHNE Hecymas—yM U moBbimaercs BER. Mn. 8, 6ubn. 5 (ma anrimiickoM si3bIke; pedepars! Ha aHITHMHCKOM, PYCCKOM H
JIMTOBCKOM $3.).
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tyrimas// Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 1(89). — P. 69-72.

Analizuojama analoginiu AM-VSB signaly jtaka skaitmeniniy signaly, tokiy kaip M-ojo laipsnio kvadratariné amplitudes
moduliacija, perdavimui optiniu kabeliu. AM-VSB signalai uzima 450-500 MHz spektro diapazona, 0 M-QAM signalams tenka 862—
1000 MHz diapazonas. Siais tinklais perduodant AM-VSB ir M-QAM signalus tuo patiu naudojamas poneslio multipleksavimas
(SCM). Siuo atveju nemazai pakinta M-QAM signalo neslio ir triuksmo santykis ir padaugéja klaidy. 11. 8, bibl. 5 (angly kalba;
santraukos lietuviy, angly ir rusy k.).
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